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Table 157: DDR4-3200 Speed Bins and Operating Conditions (Continued)

Notes 1-3 apply to the entire table

DDR4-3200 Speed Bin -062Y7 -062E -062
CL-nRCD-nRP 22-22-22 22-22-22 24-24-24
Parameter Symbol Min | Max Min Max Min Max | Unit
2933 -068E 13.64 20 24 16, 20 | 'CK (AVG) Reserved Reserved Reserved ns
-068 14.32 21 25 'CK (AVG) | 0.682 | <0.750 | 0.6827 | <0.7507 ns
-068D 15.00 22 26 tCK (AVG) 0.682 | <0.750 | 0.6827 | <0.7507 | ns
- 16.37 24 28 tCK (AVG) 0.682 | <0.750 | ns
3200 -062E 13.75 22 26 16, 20 | *CK (AVG) | 0.625 | <0.682 | 0.625 | <0.682 Reserved ns
-062 15.00 24 28 tCK (AVG) 0.625 | <0.682 | ns
Supported CL settings 9-22, 24 10-22, 24 10, 12, 14, 16, 18, | nCK
20, 22, 24
Supported CL settings with read DBI 11-16, 18-23, 25, | 12-16, 18-23, 25, | 12, 14, 16, 19, 21, | nCK
26, 28 26, 28 23, 26, 28
Supported CWL settings 9-12, 14, 16, 18, | 9-12, 14, 16, 18, | 9-12, 14, 16, 18, | nCK
20 20 20
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4Gb: x4, x8, x16 DDR4 SDRAM
Refresh Parameters By Device Density

Speed Bin table is only valid with DLL enabled.

When operating in 2tCK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable tCK
range.

The programmed value of CWL must be less than or equal to programmed value of CL.

4. This value only applies to specific tCKmin and CL combinations.

When calculating *RC and RP in clocks, values may not be used in such a combination
that would violate tRAS.

. The tCKmax specification exceeds the JEDEC requirement for components. To maintain

JEDEC module SPD compliance, this value will be set to 1.6.

This speed bin, or tCK and CL combination, exceeds the JEDEC requirement. They are be-
ing supported to allow additional flexibility for components. For modules, these condi-
tions will not be supported in order to maintain JEDEC SPD compliance.

Refresh Parameters By Device Density

Table 158: Refresh Parameters by Device Density

Parameter Symbol 2Gb 4Gb 8Gb 16Gb Unit | Notes
REF command to ACT or REF com- | RFC (All bank groups) 160 260 350 550 ns
mand time
Average periodic refresh interval tREFI | 0°C<Tc<85°C 7.8 7.8 7.8 7.8 ps
0°C< Tc=<95°C 3.9 3.9 3.9 3.9 s 1

Note:

1.

Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine
if the devices support these options or requirements.

CCMTD-1725822587-9046
4gb_ddr4_dram.pdf - Rev. K 06/18 EN

3 56 Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2014 Micron Technology, Inc. All rights reserved.
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Electrical Characteristics and AC Timing Parameters

Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400

@UOJDIK)V

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max Unit | Notes
Clock Timing
Clock period average (DLL off mode) tCK (DLL_OFF) 8 20 8 20 8 20 8 20 ns
Clock period average tCK (AVG, 1.25 1.9 1.071 1.9 0.937 1.9 0.833 1.9 ns 3,14
DLL_ON)
High pulse width average tCH (AVG) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tcK
(AVG)
Low pulse width average tCL (AVG) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tcK
(AVG)

Clock period jitter Total YlTper_tot -63 63 -54 54 -47 47 -42 42 ps 18,19

Deterministic YlTper_d;j =31 31 =27 27 -23 23 =21 21 ps 18

DLL locking YlTper,Ick -50 50 -43 43 -38 38 -33 33 ps
Clock absolute period tCK (ABS) MIN = tCK (AVG) MIN + YITper_tot MIN; MAX = tCK (AVG) MAX + ps

YlTper_tot MAX

Clock absolute high pulse width tCH (ABS) 0.45 - 0.45 - 0.45 - 0.45 - tcK
(includes duty cycle jitter) (AVG)
Clock absolute low pulse width tCL (ABS) 0.45 - 0.45 - 0.45 - 0.45 - tcK
(includes duty cycle jitter) (AVG)
Cycle-to-cycle jitter Total Y1Tcc _tot - 125 - 107 - 94 - 83 ps

DLL locking YITee,Ick - 100 - 86 - 75 - 67 ps

qov
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

tQH - 'DQSQ each device's output per Ul

Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
Cumulative error across |2 cycles tERR2per -92 92 -79 79 -69 69 -61 61 ps
3 cycles tERR3per -109 109 -94 94 -82 82 -73 73 ps
4 cycles tERR4per -121 121 -104 104 -91 91 -81 81 ps
5 cycles tERR5per -131 131 -112 112 -98 98 -87 87 ps
6 cycles tERR6per -139 139 -119 119 -104 104 -92 92 ps
7 cycles tERR7per -145 145 -124 124 -109 109 -97 97 ps
8 cycles tERR8per -151 151 | =129 | 129 | -113 113 | -101 101 ps
9 cycles tERR9per -156 156 -134 134 -117 117 -104 104 ps
10 cycles tERR10per -160 160 -137 137 -120 120 -107 107 ps
11 cycles tERR11per -164 164 -141 141 -123 123 -110 110 ps
12 cycles tERR12per -168 168 -144 144 -126 126 -112 112 ps
n=13,14...49, tERRnper tERRnper MIN = (1 + 0.68In[n]) x YUlTper_tot MIN ps
S0 cycles tERRnper MAX = (1 + 0.68In[n]) x UlTper_tot MAX
DQ Input Timing
Data setup time to Base (calibrated DS Refer to DQ Input Receiver Specification section -
DQS_t, DQS ¢ VRer) (approximately 0.15'CK to 0.28'CK)
Noncalibrated PDA_S minimum of 0.5Ul ul 23
VRer
Data hold time from Base (calibrated 'DH Refer to DQ Input Receiver Specification section -
DQS_t, DQS ¢ VRer) (approximately 0.15'CK to 0.28'CK)
Noncalibrated tPDA_H minimum of 0.5Ul Ul 23
VRer
DQ and DM minimum data pulse width IDIPW 0.58 - 0.58 - 0.58 - 0.58 - Ul
for each input
DQ Output Timing (DLL enabled)
DQS_t, DQS_c to DQ skew, per group, per 'DQSQ - 0.16 - 0.16 - 0.16 - 0.17 Ul
access
DQ output hold time from DQS_t, DQS_c tQH 0.76 - 0.76 - 0.76 - 0.74 - Ul
Data Valid Window per device: 'QH - DVWy 0.63 0.63 0.64 0.64 Ul
DQSQ each device’s output per Ul
Data Valid Window per device, per pin: DVW, 0.66 - 0.66 - 0.69 - 0.72 - Ul
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)
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DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
DQ Low-Z time from CK_t, CK_c 1LZDQ -450 225 -390 195 -360 180 -330 175 ps
DQ High-Z time from CK_t, CK_c tHZDQ - 225 - 195 - 180 - 175 ps
DQ Strobe Input Timing
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS1ck -0.27 | 0.27 | -0.27 0.27 | -0.27 0.27 | -0.27 0.27 CcK
rising edge for 1*CKpreamble
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS,¢k -0.50 | 0.50 | -0.50 0.50 | -0.50 | 0.50 | -0.50 | 0.50 CK
rising edge for 2tCKpreamble
DQS_t, DQS_c differential input low pulse tDQSL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 CK
width
DQS_t, DQS_c differential input high DQSH 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 CcK
pulse width
DQS_t, DQS_c falling edge setup to CK_t, DSS 0.18 - 0.18 - 0.18 - 0.18 - CcK
CK_c rising edge
DQS_t, DQS_c falling edge hold from DSH 0.18 - 0.18 - 0.18 - 0.18 - CK
CK_t, CK_c rising edge
DQS_t, DQS_c differential WRITE pream- YWPRE ¢ 0.9 - 0.9 - 0.9 - 0.9 - CK
ble for 1*CKpreamble
DQS_t, DQS_c differential WRITE pream- WWVPRE ¢ 1.8 - 1.8 - 1.8 - 1.8 - CcK
ble for 2tCKpreamble
DQS_t, DQS_c differential WRITE postam- WPST 0.33 - 0.33 - 0.33 - 0.33 - CK
ble
DQS Strobe Output Timing (DLL enabled)
DQS_t, DQS_c rising edge output access tDQSCK =225 225 -195 195 -180 180 -175 175 ps
time from rising CK_t, CK_c
DQS_t, DQS_c rising edge output var- DQSCKi - 370 - 330 - 310 - 290 ps
iance window per DRAM
DQS_t, DQS_c differential output high tQSH 0.4 - 0.4 - 0.4 - 0.4 - CK
time
DQS_t, DQS_c differential output low tQSL 0.4 - 0.4 - 0.4 - 0.4 - CK
time
DQS_t, DQS_c Low-Z time (RL- 1) t1LZDQS -450 225 -390 195 -360 180 -330 175 ps
DQS_t, DQS_c High-Z time (RL + BL/2) tHZDQS - 225 - 195 - 180 - 175 ps
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

size

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
DQS_t, DQS_c differential READ pream- tRPRE 1k 0.9 - 0.9 - 0.9 - 0.9 - CK 21
ble for 1*tCKpreamble
DQS_t, DQS_c differential READ pream- tRPRE,k 1.8 - 1.8 - 1.8 - 1.8 - CK 21
ble for 2tCK preamble
DQS_t, DQS_c differential READ postam- TRPST 0.33 - 0.33 - 0.33 - 0.33 - CK 22
ble

Command and Address Timing
DLL locking time DLLK 597 - 597 - 768 - 768 - CK 2,4
CMD, ADDR setup time |Base fS 115 - 100 - 80 - 62 - ps
to CK_t, CK_c Base ref- v .\ USyRer 215 - 200 - 180 - 162 - ps
erenced to Vyac) and
VIL(AC) levels
CMD, ADDR hold time |Base fH 140 - 125 - 105 - 87 - ps
to CK_t, CK_c Base ref- |vpccn YUHyRer 215 - 200 - 180 - 162 - ps
erenced to Viypc) and
VIL(DC) levels
CTRL, ADDR pulse width for each input tPW 600 - 525 - 460 - 410 - ps
ACTIVATE to internal READ or WRITE de- tRCD See Speed Bin Tables for tRCD ns
lay
PRECHARGE command period RP See Speed Bin Tables for RP ns
ACTIVATE-to-PRECHARGE command peri- tRAS See Speed Bin Tables for tRAS ns 13
od
ACTIVATE-to-ACTIVATE or REF command tRC See Speed Bin Tables for tRC ns 13
period
ACTIVATE-to-ACTIVATE command period tRRD_S MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 1/2KB page (1/2KB) of 4CK or 5ns | of 4CK or 4.2ns | of 4CK or 3.7ns | of 4CK or 3.3ns
size
ACTIVATE-to-ACTIVATE command period tRRD_S MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 1KB page (1KB) of 4CK or 5ns | of 4CK or 4.2ns | of 4CK or 3.7ns | of 4CK or 3.3ns
size
ACTIVATE-to-ACTIVATE command period tRRD_S MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 2KB page (2KB) of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns | of 4CK or 5.3ns

@UOJDIK)V
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min | Max | Unit | Notes
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to same bank groups for 1/2KB page size (1/2KB) of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns | of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to same bank groups for 1KB page size (1KB) of 4CK or 6ns | of 4CK or 5.3ns | of 4CK or 5.3ns | of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater | MIN = greater CK 1
to same bank groups for 2KB page size (2KB) of 4CK or 7.5ns | of 4CK or 6.4ns | of 4CK or 6.4ns | of 4CK or 6.4ns
Four ACTIVATE windows for 1/2KB page tFAW MIN = greater | MIN = greater | MIN = greater | MIN = greater ns
size (1/2KB) of 16CK or 20ns | of 16CK or 17ns | of 16CK or 15ns | of 16CK or 13ns
Four ACTIVATE windows for 1KB page FAW MIN = greater | MIN = greater | MIN = greater | MIN = greater ns
size (1KB) of 20CK or 25ns | of 20CK or 23ns | of 20CK or 21ns | of 20CK or 21ns
Four ACTIVATE windows for 2KB page tFAW MIN = greater | MIN = greater | MIN = greater | MIN = greater ns
size (2KB) of 28CK or 35ns | of 28CK or 30ns | of 28CK or 30ns | of 28CK or 30ns
WRITE recovery time YWR MIN = 15ns ns 5,10, 1
"WR, MIN = 1CK + 'WR CcK 5 11,1
WRITE recovery time when CRC and DM YWR_CRC_DM MIN = "WR + MIN = 'WR + greater of (5CK or 3.75ns) CK 6, 10, 1
are both enabled greater of (4CK
or 3.75ns)

YWR_CRC_DM, MIN = 1CK + 'WR_CRC_DM CcK 6,11, 1
Delay from start of internal WRITE trans- WTR_L MIN = greater of 4CK or 7.5ns CK 5,10, 1
action to internal READ command — Same WTR_L, MIN = 1CK + 'WTR_L cK 5,11, 1
bank group
Delay from start of internal WRITE trans- | '"WTR_L_CRC_D | MIN ='WTR_L + MIN = 'WTR_L + greater of (5CK or 3.75ns) CK 6, 10, 1
action to internal READ command — Same M greater of (4CK
bank group when CRC and DM are both or 3.75ns)
enabled 'WTR_L_CRC_D MIN = 1CK + 'WTR_L_CRC_DM K |6 11,1

M
Delay from start of internal WRITE trans- YWTR_S MIN = greater of (2CK or 2.5ns) CK 5 7,8,
action to internal READ command - Dif- 10, 1
ferent bank group YWTR_S, MIN = 1CK + 'WTR_S CK | 578,
11,1

@UOJDIK)V
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min | Max Min Max Min | Max Min | Max | Unit | Notes
Delay from start of internal WRITE trans- | "WTR_S_CRC_D | MIN = 'WTR_S + MIN = 'WTR_S + greater of (5CK or 3.75ns) CK 6,7,8,
action to internal READ command - Dif- M greater of (4CK 10, 1
ferent bank group when CRC and DM are or 3.75ns)
both enabled 'WTR_S_CRC_D MIN = 1CK + 'WTR_S_CRC_DM K |6,78,
M, 11, 1

READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns CK 1
CAS_n-to-CAS_n command delay to dif- tcCb_S 4 - 4 - 4 - 4 - CK
ferent bank group
CAS_n-to-CAS_n command delay to same tCCD_L MIN = - MIN = - MIN = - MIN = - CK 15
bank group greater greater greater greater

of 4CK of 4CK of 4CK of 4CK

or or or or 5ns

6.25ns 5.355ns 5.355ns
Auto precharge write recovery + pre- DAL (MIN) MIN = WR + ROUNDUP'RP/'CK (AVG); MAX = N/A CK
charge time

MRS Command Timing
MRS command cycle time tMRD 8 | - 8 | - | 8 | - | 8 | - CcK
MRS command cycle time in PDA mode tMRD_PDA MIN = greater of (16nCK, 10ns) CK 1
MRS command cycle time in CAL mode ‘MRD_CAL MIN = tMOD + tCAL CcK
MRS command update delay tMOD MIN = greater of (24nCK, 15ns) CK 1
MRS command update delay in PDA ‘MOD_PDA MIN = tMOD CcK
mode
MRS command update delay in CAL tMOD_CAL MIN = *MOD + tCAL CK
mode
MRS command to DQS drive in preamble SDO MIN = tMOD + 9ns
training
MPR Command Timing
Multipurpose register recovery time !MPRR MIN = 1CK CK
Multipurpose register write recovery time| 'WR_MPR MIN =tMOD + AL + PL
CRC Error Reporting Timing
CRC error to ALERT_n latency tCRC_ALERT 3 13 3 13 3 13 3 13 ns
CRC ALERT_n pulse width tCRC_ALERT_P 6 10 10 6 10 10 CK
W

@UOJDIK)V
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max Min Max Min Max Min | Max | Unit | Notes
CA Parity Timing
Parity latency PL 4 - 4 - 4 - 5 - CK
Commands uncertain to be executed dur- ‘PAR_UN- - PL - PL - PL - PL CcK
ing this time KNOWN
Delay from errant command to ALERT_n | 'PAR_ALERT_O - PL + - PL+ - PL + - PL + CcK
assertion N 6ns 6ns 6ns 6ns
Pulse width of ALERT_n signal when as- PAR_ALERT_P 48 96 56 112 64 128 72 144 CK
serted W
Time from alert asserted until DES com- | 'PAR_ALERT_RS - 43 - 50 - 57 - 64 CK
mands required in persistent CA parity P
mode
CAL Timing
CS_n to command address latency tCAL 3 - 4 - 4 - 5 - CK 20
CS_n to command address latency in tCALg N/A - N/A - N/A - N/A - CK
gear-down mode
MPSM Timing
Command path disable delay upopn ‘MPED MIN = *TMOD (MIN) + *CPDED (MIN) cK 1
MPSM entry
Valid clock requirement after MPSM tCKMPE MIN = tMOD (MIN) + tCPDED (MIN) CK 1
entry
Valid clock requirement before MPSM tCKMPX MIN = tCKSRX (MIN) CK 1
exit
Exit MPSM to commands not requiring a ™XXMP ™S (MIN) CK
locked DLL
Exit MPSM to commands requiring a TXMPDLL MIN = tXMP (MIN) + TXSDLL (MIN) CK 1
locked DLL
CS setup time to CKE TMPX_S MIN = YIS (MIN) + tH (MIN) ns
CS_n HIGH hold time to CKE rising edge TMPX_HH MIN = tXP ns
CS_n LOW hold time to CKE rising edge TMPX_LH 12 |™XMP-1 12 | ™XMP-1 12 | ™XMP-1 12 [ ™XMP-1 ns
Ons Ons Ons Ons
Connectivity Test Timing

TEN pin HIGH to CS_n LOW - Enter CT tCT_Enable 200 - 200 - 200 - 200 - ns
mode

@UOJDIK)V
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
CS_n LOW and valid input to valid output tCT_Vvalid - 200 - 200 - 200 - 200 ns
CK_t, CK_c valid and CKE HIGH after TEN | 'CTCKE_Valid 10 - 10 - 10 - 10 - ns
goes HIGH
Calibration and Vggrpq Train Timing

ZQCL command: Long |POWER-UP and tZQinit 1024 - 1024 - 1024 - 1024 - CcK
calibration time RESET operation

Normal opera- tZQoper 512 - 512 - 512 - 512 - CcK

tion
ZQCS command: Short calibration time tZQCS 128 - 128 - 128 - 128 - CK
The Vggr increment/decrement step time VREF_time MIN = 150ns
Enter Vrerpq training mode to the first YWREFDQE MIN = 150ns ns 1
write or Vgerpq MRS command delay
Exit Vrerpq training mode to the first tWREFDQX MIN = 150ns ns 1
WRITE command delay

Initialization and Reset Timing

Exit reset from CKE HIGH to a valid com- ™PR MIN = greater of 5CK or 'RFC (MIN) + 10ns CK 1
mand
RESET_L pulse low after power stable tPW_REST_S 1.0 - 1.0 - 1.0 - 1.0 - ys
RESET_L pulse low at power-up tPW_REST_L 200 - 200 - 200 - 200 - us
Begin power supply ramp to power sup- YDDPR MIN = N/A; MAX = 200 ms
plies stable
RESET_n LOW to power supplies stable tRPS MIN = 0; MAX =0 ns
RESET_n LOW to I/O and Ryt High-Z Yoz MIN = N/A; MAX = undefined ns

Refresh Timing

@UOJDIK)V
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

or power-down exit (PDX), or reset exit

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min | Max | Unit | Notes
REFRESH-to-ACTIVATE tRFC1 MIN = 260 ns 1,12
or REFRESH command 4Gb tRFC2 MIN = 160 ns 1,12
period (all bank tRFC4 MIN = 110 ns 1,12
groups)
tRFC1 MIN = 350 ns 1,12
8Gb tRFC2 MIN = 260 ns 1,12
tRFC4 MIN = 160 ns 1,12
tRFC1 MIN = 550 ns 1,12
16Gb tRFC2 MIN = 350 ns 1,12
tRFC4 MIN = 260 ns 1,12
Average periodic re- 0°C < Tc=85°C tREFI MIN = N/A; MAX =7.8 us 12
fresh interval 85°C < Tc < 95°C tREFI MIN = N/A; MAX = 3.9 ps 12
Self Refresh Timing
Exit self refresh to commands not requir- XS MIN = tRFC + 10ns ns 1
ing a locked DLL SRX to commands not tXS_ABORT MIN = tRFC4 + 10ns
requiring a locked DLL in self refresh
abort ns 1
Exit self refresh to ZQCL, ZQCS and MRS t™S_FAST MIN = tRFC4 + 10ns 1
(CL, CWL, WR, RTP and gear-down) ns
Exit self refresh to commands requiring a ™SDLL MIN = IDLLK (MIN) CK 1
locked DLL
Minimum CKE low pulse width for self re- tCKESR MIN = tCKE (MIN) + 1nCK CK 1
fresh entry to self refresh exit timing
Minimum CKE low pulse width for self re-| 'CKESR_PAR MIN = tCKE (MIN) + 1nCK + PL CK 1
fresh entry to self refresh exit timing
when CA parity is enabled
Valid clocks after self refresh entry (SRE) tCKSRE MIN = greater of (5CK, 10ns) CK 1
or power-down entry (PDE)
Valid clock requirement after self refresh | 'CKSRE_PAR MIN = greater of (5CK, 10ns) + PL CK 1
entry or power-down when CA parity is
enabled
Valid clocks before self refresh exit (SRX) tCKSRX MIN = greater of (5CK, 10ns) CcK 1

Power-Down Timing
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

power-down entry (BCAMRS)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400

Parameter Symbol Min Max Min | Max Min | Max Min | Max | Unit | Notes
Exit power-down with DLL on to any val- ™XP MIN = greater of 4CK or 6ns CK 1
id command
Exit power-down with DLL on to any val- ™P _PAR MIN = (greater of 4CK or 6ns) + PL CK 1
id command when CA Parity is enabled.
CKE MIN pulse width tCKE (MIN) MIN = greater of 3CK or 5ns CK 1
Command pass disable delay tCPDED 4 | - | 4 | - | 4 | - | 4 | - CK
Power-down entry to power-down exit PD MIN = tCKE (MIN); MAX = 9 x 'REFI CK
timing
Begin power-down period prior to CKE TANPD WL - 1CK CK
registered HIGH
Power-down entry period: ODT either PDE Greater of YANPD or RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous
Power-down exit period: ODT either syn- PDX tANPD + ™XSDLL CcK
chronous or asynchronous

Power-Down Entry Minimum Timing
ACTIVATE command to power-down en- tACTPDEN 1 - 1 - 2 - 2 - CK
try
PRECHARGE/PRECHARGE ALL command tPRPDEN 1 - 1 - 2 - 2 - CcK
to power-down entry
REFRESH command to power-down entry tREFPDEN 1 - 1 - 2 - 2 - CK
MRS command to power-down entry tMRSPDEN MIN = tMOD (MIN) CK 1
READ/READ with auto precharge com- ‘RDPDEN MIN=RL+4 +1 CK 1
mand to power-down entry
WRITE command to power-down entry “"WRPDEN MIN = WL + 4 + "WR/'CK (AVG) CK 1
(BL8OTF, BLBMRS, BC4OTF)
WRITE command to power-down entry YWRPBC4DEN MIN = WL + 2 + 'WR/ACK (AVG) CK 1
(BCAMRS)
WRITE with auto precharge command to “WRAPDEN MIN=WL +4 +WR + 1 CK 1
power-down entry (BL8OTF,
BL8MRS,BC40TF)
WRITE with auto precharge command to | "WRAPBC4DEN MIN=WL +2 +WR + 1 CK 1

ODT Timing
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Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 (Continued)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min Max Min Max Min Max Min | Max | Unit | Notes
Direct ODT turn-on latency DODTLon WL-2=CWL+AL+PL-2 CK
Direct ODT turn-off latency DODTLoff WL-2=CWL+AL+PL-2 CcK
Ryt dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 CK
Asynchronous Ryrvom) turn-on delay TAONAS 1 9 1 9 1 9 1 9 ns
(DLL off)
Asynchronous Rrryom) turn-off delay tAOFAS 1 9 1 9 1 9 1 9 ns
(DLL off)
ODT HIGH time with WRITE command ODTHS 1'CK 6 - 6 - 6 - 6 - CcK
and BL8 ODTHS 2tCK 7 - 7 - 7 - 7 -
ODT HIGH time without WRITE command | ODTH4 1tCK 4 - 4 - 4 - 4 - CK
or with WRITE command and BC4 ODTH4 2tCK 5 _ 5 _ 5 _ 5 _

Write Leveling Timing
First DQS_t, DQS_c rising edge after write “WLMRD 40 - 40 - 40 - 40 - CcK
leveling mode is programmed
DQS_t, DQS_c delay after write leveling YWLDQSEN 25 - 25 - 25 - 25 - CK
mode is programmed
Write leveling setup from rising CK_t, WWLS 0.13 - 0.13 - 0.13 - 0.13 - tCK
CK_c crossing to rising DQS_t, DQS_c (AVG)
crossing
Write leveling hold from rising DQS_t, YWLH 0.13 - 0.13 - 0.13 - 0.13 - tcK
DQS_c crossing to rising CK_t, CK_c cross- (AVG)
ing
Write leveling output delay ‘WLO 0 9.5 0 9.5 0 9.5 0 9.5 ns
Write leveling output error 'WLOE 0 2 0 2 0 2 0 2 ns

Gear-Down Timing (Not Supported Below DDR4-2666)

Exit reset from CKE HIGH to a valid MRS ™XPR_GEAR N/A N/A N/A N/A CcK
gear-down
CKE HIGH assert to gear-down enable IXS_GEAR N/A N/A N/A N/A CK
time)
MRS command to sync pulse time 'SYNC_GEAR N/A N/A N/A N/A CK
Sync pulse to first valid command tCMD_GEAR N/A N/A N/A N/A CK
Gear-down setup time tGEAR_setup N/A - N/A - N/A - N/A - CcK
Gear-down hold time tGEAR_hold N/A - N/A - N/A - N/A - CK
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4Gb: x4, x8, x16 DDR4 SDRAM
Electrical Characteristics and AC Timing Parameters

Maximum limit not applicable.

tCCD_L and 'DLLK should be programmed according to the value defined per operating
frequency.

DDR4-1600 AC timing parameters apply if DRAM operates at lower than 1600 MT/s data
rate.

Data rate is greater than or equal to 1066 Mb/s.
WRITE-to-READ when CRC and DM are both not enabled.
WRITE-to-READ delay when CRC and DM are both enabled.
The start of internal write transactions is defined as follows:

e For BL8 (fixed by MRS and on-the-fly): rising clock edge four clock cycles after WL
¢ For BC4 (on-the-fly): rising clock edge four clock cycles after WL
e For BC4 (fixed by MRS): rising clock edge two clock cycles after WL

. For these parameters, the device supports thPARAM [nCK] = RU{tPARAM [ns]/tCK (AVG)

[ns]}, in clock cycles, assuming all input clock jitter specifications are satisfied.

. RFU
10.
11.
12.

When operating in 11CK WRITE preamble mode.

When operating in 2tCK WRITE preamble mode.

When CA parity mode is selected and the DLLoff mode is used, each REF command re-
quires an additional "PL" added to 'RFC refresh time.

DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cesses to a particular row address may result in reduction of the product lifetime and/or
reduction in data retention ability.

Applicable from tCK (AVG) MIN to 'CK (AVG) MAX as stated in the Speed Bin tables.
JEDEC specifies a minimum of five clocks.

The maximum read postamble is bound by 'DQSCK (MIN) plus *QSH (MIN) on the left
side and tHZ(DQS) MAX on the right side.

The reference level of DQ output signal is specified with a midpoint as a widest part of
output signal eye, which should be approximately 0.7 x Vppq as a center level of the
static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and
an effective test load of 50 ohms to Vi1 = Vppo.

JEDEC hasn't agreed upon the definition of the deterministic jitter; the user should fo-
cus on meeting the total limit.

Spread spectrum is not included in the jitter specification values. However, the input
clock can accommodate spread-spectrum at a sweep rate in the range of 20-60 kHz with
an additional 1% of 'CK (AVG) as a long-term jitter component; however, the spread
spectrum may not use a clock rate below 'CK (AVG) MIN.

The actual *tCAL minimum is the larger of 3 clocks or 3.748ns/'CK; the table lists the ap-
plicable clocks required at targeted speed bin.

The maximum READ preamble is bounded by 'LZ(DQS) MIN on the left side and 'DQSCK
(MAX) on the right side. See figure in the Clock to Data Strobe Relationship section.
Boundary of DQS Low-Z occurs one cycle earlier in 2tCK toggle mode, as illustrated in
the READ Preamble section.

DQ falling signal middle-point of transferring from HIGH to LOW to first rising edge of
DQS differential signal cross-point.

The tPDA_S/'PDA_H parameters may use the 'DS/'DH limits, respectively, if the signal is
LOW the entire BLS.

CCMTD-1725822587-9046
4gb_ddr4_dram.pdf - Rev. K 06/18 EN
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Electrical Characteristics and AC Timing Parameters: 2666 Through 3200

Table 160: Electrical Characteristics and AC Timing Parameters
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DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max Unit | Notes
Clock Timing
Clock period average (DLL off mode) tCK (DLL_OFF) 8 20 8 20 8 20 ns
Clock period average tCK (AVG, 0.75 1.9 0.682 1.9 0.625 1.9 ns 3,14
DLL_ON)
High pulse width average tCH (AVG) 0.48 0.52 0.48 0.52 0.48 0.52 tcK
(AVG)
Low pulse width average tCL (AVG) 0.48 0.52 0.48 0.52 0.48 0.52 tcK
(AVG)

Clock period jitter Total YlTper_tot -38 38 -34 34 -32 32 ps 18,19

Deterministic YlTper_d;j -19 19 -17 17 -16 16 ps 18

DLL locking YlTper,Ick -30 30 -27 27 -25 25 ps
Clock absolute period tCK (ABS) MIN = tCK (AVG) MIN + YITper_tot MIN; MAX = tCK (AVG) MAX + ps

YlTper_tot MAX

Clock absolute high pulse width tCH (ABS) 0.45 - 0.45 - 0.45 - tcK
(includes duty cycle jitter) (AVG)
Clock absolute low pulse width tCL (ABS) 0.45 - 0.45 - 0.45 - tcK
(includes duty cycle jitter) (AVG)
Cycle-to-cycle jitter Total Y1Tcc _tot - 75 - 68 - 62 ps

DLL locking YITee,Ick - 60 - 55 - 62 ps
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

tQH - 'DQSQ each device's output per Ul

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
Cumulative error across |2 cycles tERR2per -55 55 -50 50 -46 46 ps
3 cycles tERR3per -66 66 -60 60 -55 55 ps
4 cycles tERR4per -73 73 -66 66 -61 61 ps
5 cycles tERR5per -78 78 -71 71 -65 65 ps
6 cycles tERR6per -83 83 -75 75 -69 69 ps
7 cycles tERR7per -87 87 -79 79 -73 73 ps
8 cycles tERR8per -91 91 -83 83 -76 76 ps
9 cycles tERR9per -94 94 -85 85 -78 78 ps
10 cycles tERR10per -96 96 -88 88 -80 80 ps
11 cycles tERR11per -99 929 -90 90 -83 83 ps
12 cycles tERR12per -101 101 -92 92 -84 84 ps
n=13,14...49, tERRnper tERRnper MIN = (1 + 0.68In[n]) x YUlTper_tot MIN ps
S0 cycles tERRnper MAX = (1 + 0.68In[n]) x UlTper_tot MAX
DQ Input Timing
Data setup time to Base (calibrated DS Refer to DQ Input Receiver Specification section -
DQS_t, DQS ¢ VRer) (approximately 0.15'CK to 0.28'CK)
Non-calibrated PDA_S minimum of 0.5ui ul 23
VRer
Data hold time from Base (calibrated 'DH Refer to DQ Input Receiver Specification section -
DQS_t, DQS ¢ VRer) (approximately 0.15'CK to 0.28'CK)
Non-calibrated tPDA_H minimum of 0.5Ul Ul 23
VRer
DQ and DM minimum data pulse width IDIPW 0.58 - 0.58 - 0.58 - Ul
for each input
DQ Output Timing (DLL enabled)
DQS_t, DQS_c to DQ skew, per group, per 'DQSQ - 0.18 - 0.19 - 0.22 Ul
access
DQ output hold time from DQS_t, DQS_c tQH 0.74 - 0.74 - 0.74 - Ul
Data Valid Window per device: 'QH - DVWy 0.64 - 0.64 - 0.64 - Ul
DQSQ each device’s output per Ul
Data Valid Window per device, per pin: DVW, 0.72 - 0.72 - 0.72 - Ul
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)
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DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
DQ Low-Z time from CK_t, CK_c 1LZDQ -310 170 -280 165 -250 160 ps
DQ High-Z time from CK_t, CK_c tHZDQ - 170 - 165 - 160 ps
DQ Strobe Input Timing
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS1ck -0.27 0.27 -0.27 0.27 -0.27 0.27 CcK
rising edge for 1*CKpreamble
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS,¢k -0.50 | 0.50 | -0.50 0.50 | -0.50 | 0.50 CK
rising edge for 2tCKpreamble
DQS_t, DQS_c differential input low pulse tDQSL 0.46 0.54 0.46 0.54 0.46 0.54 CK
width
DQS_t, DQS_c differential input high 'DQSH 0.46 0.54 0.46 0.54 0.46 0.54 CK
pulse width
DQS_t, DQS_c falling edge setup to CK_t, DSS 0.18 - 0.18 - 0.18 - CK
CK_c rising edge
DQS_t, DQS_c falling edge hold from DSH 0.18 - 0.18 - 0.18 - CK
CK_t, CK_c rising edge
DQS_t, DQS_c differential WRITE pream- YWPRE ¢ 0.9 - 0.9 - 0.9 - CK
ble for 1'CKpreamble
DQS_t, DQS_c differential WRITE pream- WWVPRE ¢ 1.8 - 1.8 - 1.8 - CK
ble for 2tCKpreamble
DQS_t, DQS_c differential WRITE postam- YWPST 0.33 - 0.33 - 0.33 - CK
ble
DQS Strobe Output Timing (DLL enabled)
DQS_t, DQS_c rising edge output access tDQSCK -170 170 -165 165 -160 160 ps
time from rising CK_t, CK_c
DQS_t, DQS_c rising edge output var- DQSCKi - 270 - 265 - 260 ps
iance window per DRAM
DQS_t, DQS_c differential output high tQSH 0.40 - 0.40 - 0.40 - CK
time
DQS_t, DQS_c differential output low tQSL 0.40 - 0.40 - 0.40 - CK
time
DQS_t, DQS_c Low-Z time (RL- 1) t1LZDQS -310 170 -280 165 -250 160 ps
DQS_t, DQS_c High-Z time (RL + BL/2) tHZDQS - 170 - 165 - 160 ps
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

size

DDR4-2666 DDR4-2933 DDR4-3200 Reserved

Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
DQS_t, DQS_c differential READ pream- tRPRE 1k 0.9 - 0.9 - 0.9 - CK 21
ble for 1*tCKpreamble
DQS_t, DQS_c differential READ pream- tRPRE,k 1.8 - 1.8 - 1.8 - CK 21
ble for 2tCKpreamble
DQS_t, DQS_c differential READ postam- tRPST 0.33 - 0.33 - 0.33 - CK 22
ble

Command and Address Timing
DLL locking time DLLK 854 - 940 - 1024 - CcK 2,4
CMD, ADDR setup time |Base fS 55 - 48 - 40 - ps
to CK_t, CK_c refer- VREECA tISVREF 145 _ 138 _ 130 _ ps
enced to Ve and
VIL(AC) levels
CMD, ADDR hold time |Base fH 80 - 73 - 65 - ps
to CK_t, CK_c refer- VRerca tlHVREF 145 _ 138 _ 130 _ ps
enced to Viypc and
VIL(DC) levels
CTRL, ADDR pulse width for each input tPwW 385 - 365 - 350 - ps
ACTIVATE to internal READ or WRITE de- tRCD See Speed Bin Tables for tRCD ns
lay
PRECHARGE command period RP See Speed Bin Tables for RP ns
ACTIVATE-to-PRECHARGE command peri- tRAS See Speed Bin Tables for tRAS ns 13
od
ACTIVATE-to-ACTIVATE or REF command fRC See Speed Bin Tables for tRC ns 13
period
ACTIVATE-to-ACTIVATE command period tRRD_S MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 1/2KB page (1/2KB) of 4CK or 3.0ns | of 4CK or 2.7ns | of 4CK or 2.5ns
size
ACTIVATE-to-ACTIVATE command period tRRD_S MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 1KB page (1KB) of 4CK or 3.0ns | of 4CK or 2.7ns | of 4CK or 2.5ns
size
ACTIVATE-to-ACTIVATE command period 'RRD_S MIN = greater | MIN = greater | MIN = greater CK 1
to different bank groups for 2KB page (2KB) of 4CK or 5.3ns | of 4CK or 5.3ns | of 4CK or 5.3ns

@uo.lr)lg{V

qov

9997 :si3)aweded buiwi] Hy pue saisudjdeseyd [ed14339|3
INVYAS Y¥Aaa 9Lx ‘8x ‘px

00zZ€ ybnouyy



9%06-£85278SCLL-ALINDD

N3 81/90 > A9y - }pd-weip yipp qby

Table 160: Electrical Characteristics and AC Timing Parameters (Continued)
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DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min | Max Min | Max Min Max Min Max Unit
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater CK
to same bank groups for 1/2KB page size (1/2KB) of 4CK or 4.9ns | of 4CK or 4.9ns | of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater CK
to same bank groups for 1KB page size (1KB) of 4CK or 4.9ns | of 4CK or 4.9ns | of 4CK or 4.9ns
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater CK
to same bank groups for 2KB page size (2KB) of 4CK or 6.4ns | of 4CK or 6.4ns | of 4CK or 6.4ns
Four ACTIVATE windows for 1/2KB page tFAW MIN = greater | MIN = greater | MIN = greater ns
size (1/2KB) of 16CK or 12ns of 16CK or of 16CK or 10ns
10.875ns

Four ACTIVATE windows for 1KB page FAW MIN = greater | MIN = greater | MIN = greater ns
size (1KB) of 20CK or 21ns | of 20CK or 21ns | of 20CK or 21ns
Four ACTIVATE windows for 2KB page tFAW MIN = greater | MIN = greater | MIN = greater ns
size (2KB) of 28CK or 30ns | of 28CK or 30ns | of 28CK or 30ns
WRITE recovery time YWR MIN = 15ns ns 5,10, 1

"WR, MIN = 1CK + 'WR CK 5 11,1
WRITE recovery time when CRC and DM YWR_CRC_DM MIN = 'WR + greater of (5CK or 3.75ns) CK 6, 10, 1
are both enabled
WRITE recovery time when CRC and DM tWR_CRC_DMZ MIN = 1CK + 'WR_CRC_DM CK 6, 11,1
are both enabled
Delay from start of internal WRITE trans- WTR_L MIN = greater of 4CK or 7.5ns CK 5,10, 1
action to internal READ command — Same WTR_L, MIN = 1CK + 'WTR_L cK 5,11, 1
bank group
Delay from start of internal WRITE trans- | '‘WTR_L_CRC_D MIN = 'WTR_L + greater of (5CK or 3.75ns) CK 6, 10, 1
action to internal READ command - Same M
bank group when CRC and DM are both tWTR_L_CRC_D MIN = 1CK + tWTR_L_CRC_DM CcK 6, 11’ 1
enabled M,
Delay from start of internal WRITE trans- YWTR_S MIN = greater of (2CK or 2.5ns) CK 5 7,8,
action to internal READ command - Dif- 10, 1
ferent bank group YWTR_S, MIN = 1CK + 'WTR_S CK | 578,

11,1

Delay from start of internal WRITE trans- | "WTR_S_CRC_D MIN = 'WTR_S + greater of (5CK or 3.75ns) CK 6,7, 8,
action to internal READ command - Dif- M 10, 1
ferent bank group when CRC and DM are tWTR_S_CRC_D MIN = 1CK + tWTR_S_CRC_DM CK 6,78,
both enabled M, 11, 1
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)
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DDR4-2666 DDR4-2933 DDR4-3200 Reserved

Parameter Symbol Min | Max Min | Max Min Max Min Max | Unit | Notes
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns CK 1
CAS_n-to-CAS_n command delay to dif- tccb_s 4 - 4 - 4 - CK
ferent bank group
CAS_n-to-CAS_n command delay to same tCCD_L MIN = - MIN = - MIN = - CK 15
bank group greater greater greater

of 4CK of 4CK of 4CK

or 5ns or 5ns or 5ns
Auto precharge write recovery + pre- DAL (MIN) MIN = WR + ROUNDUP'RP/'CK (AVG); MAX = N/A CK
charge time

MRS Command Timing
MRS command cycle time tMRD 8 | - | 8 | - | 8 | - | | CK
MRS command cycle time in PDA mode fMRD_PDA MIN = greater of (16nCK, 10ns) 1
MRS command cycle time in CAL mode tMRD_CAL MIN = *MOD + tCAL CcK
MRS command update delay tMOD MIN = greater of (24nCK, 15ns) CK 1
MRS command update delay in PDA ‘MOD_PDA MIN = *MOD CK
mode
MRS command update delay in CAL tMOD_CAL MIN = *MOD + tCAL CK
mode
MRS command to DQS drive in preamble SDO MIN = tMOD + 9ns
training

MPR Command Timing
Multipurpose register recovery time !MPRR MIN = 1nCK CK
Multipurpose register write recovery time| 'WR_MPR MIN = tMOD + AL + PL

CRC Error Reporting Timing
CRC error to ALERT_n latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC ALERT_n pulse width tCRC_ALERT_P 6 10 6 10 6 10 CcK
w
CA Parity Timing

Parity latency PL 5 - 6 - 6 - CK
Commands uncertain to be executed dur- tPAR_UN- - PL - PL - PL CK
ing this time KNOWN
Delay from errant command to ALERT_n | 'PAR_ALERT_O - PL + - PL + - PL + CK
assertion N 6ns 6ns 6ns
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
Pulse width of ALERT_n signal when as- tPAR_ALERT_P 80 160 88 176 9% 192 CK
serted w
Time from alert asserted until DES com- | PAR_ALERT_RS - 71 - 78 - 85 CcK
mands required in persistent CA parity P
mode
CAL Timing
CS_n to command address latency tCAL - - - CcK 20
CS_n to command address latency in tCALg - - - CK
gear-down mode
MPSM Timing
Command path disable delay upopn tMPED MIN = tMOD (MIN) + tCPDED (MIN) CK 1
MPSM entry
Valid clock requirement after MPSM tCKMPE MIN = tMOD (MIN) + *CPDED (MIN) CcK 1
entry
Valid clock requirement before MPSM tCKMPX MIN = tCKSRX (MIN) CK 1
exit
Exit MPSM to commands not requiring a XMP XS (MIN) CK
locked DLL
Exit MPSM to commands requiring a ™YMPDLL MIN = t™XMP (MIN) + tXSDLL (MIN) CK 1
locked DLL
CS setup time to CKE TMPX_S MIN = 1S (MIN) + IH (MIN) ns
CS_n HIGH hold time to CKE rising edge TMPX_HH MIN = tXP ns
CS_n LOW hold time to CKE rising edge tMPX_LH 12 | T™XMP-1 12 ™XXMP-1 12 | t™XMP-1 ns
Ons Ons Ons
Connectivity Test Timing
TEN pin HIGH to CS_n LOW - Enter CT tCT_Enable 200 - 200 - 200 - ns
mode
CS_n LOW and valid input to valid output tCT_valid - 200 - 200 - 200 ns
CK_t, CK_c valid and CKE HIGH after TEN | 'CTCKE_Valid 10 - 10 - 10 - ns
goes HIGH

Calibration and Vgggpq Train Timing
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
ZQCL command: Long |POWER-UP and tZQinit 1024 - 1024 - 1024 - CK
calibration time RESET operation
Normal opera- tZQoper 512 - 512 - 512 - CK
tion
ZQCS command: Short calibration time tZQCS 128 - 128 - 128 - CK
The Vggr increment/decrement step time VREF_time MIN = 150ns
Enter Vreppq training mode to the first YWREFDQE MIN = 150ns ns 1
write or Vgeepg MRS command delay
Exit Vrerpq training mode to the first tWREFDQX MIN = 150ns ns 1
WRITE command delay
Initialization and Reset Timing
Exit reset from CKE HIGH to a valid com- ™PR MIN = greater of 5CK or *RFC (MIN) + 10ns cK 1
mand
RESET_L pulse low after power stable tPW_REST_S 1.0 - 1.0 - 1.0 - us
RESET_L pulse low at power-up PW_REST_L 200 - 200 - 200 - us
Begin power supply ramp to power sup- WYDDPR MIN = N/A; MAX = 200 ms
plies stable
RESET_n LOW to power supplies stable tRPS MIN = 0; MAX =0 ns
RESET_n LOW to I/O and Ryt High-Z 0z MIN = N/A; MAX = undefined ns
Refresh Timing
REFRESH-to-ACTIVATE TRFC1 MIN = 260 ns 1,12
or REFRESH command 4Gb tRFC2 MIN = 160 ns 1,12
period (all bank tRFC4 MIN = 110 ns 1,12
groups)
tRFC1 MIN = 350 ns 1,12
8Gb tRFC2 MIN = 260 ns 1,12
tRFC4 MIN = 160 ns 1,12
tRFC1 MIN = 550 ns 1,12
16Gb tRFC2 MIN = 350 ns 1,12
RFC4 MIN = 260 ns 1,12
Average periodic re- 0°C < Tc=85°C tREFI MIN = N/A; MAX =7.8 us 12
fresh interval 85°C < Tc < 95°C tREFI MIN = N/A; MAX = 3.9 Hs 12

Self Refresh Timing

@uo.lr)lg{V

9997 :si3)aweded buiwi] Hy pue saisudjdeseyd [ed14339|3
qot

INVHAS Y4aa 9LX ‘gx ‘px

00zZ€ ybnouyy



9%06-£85278SCLL-ALINDD

N3 81/90 > A9y - }pd-weip yipp qby

LLE

*92110U INOYLUM suoiediydads 4o spnpoid abueypd 01 1yBu ay) sanIasal u| ABojouydal uoDIN

*panIasal sybu ||y U] ‘ABojouyda) UODIN 7102 O

Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

@uo.lalg,’V

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min | Max Min | Max Min Max Min Max | Unit | Notes
Exit self refresh to commands not requir- XS MIN = TRFC + 10ns ns 1
ing a locked DLL SRX to commands not tXS ABORT MIN = tRFC4 + 10ns
requiring a locked DLL in self refresh -
abort ns 1
Exit self refresh to ZQCL, ZQCS and MRS ™S_FAST MIN = tRFC4 + 10ns 1
(CL, CWL, WR, RTP and gear-down) ns
Exit self refresh to commands requiring a ™SDLL MIN = IDLLK (MIN) CK 1
locked DLL
Minimum CKE low pulse width for self re- tCKESR MIN = tCKE (MIN) + 1nCK CK 1
fresh entry to self refresh exit timing
Minimum CKE low pulse width for self re-| *CKESR_par MIN = tCKE (MIN) + 1nCK + PL CK 1
fresh entry to self refresh exit timing
when CA parity is enabled
Valid clocks after self refresh entry (SRE) tCKSRE MIN = greater of (5CK, 10ns) CK 1
or power-down entry (PDE)
Valid clock requirement after self refresh tCKSRE_par MIN = greater of (5CK, 10ns) + PL CK 1
entry or power-down when CA parity is
enabled
Valid clocks before self refresh exit (SRX) tCKSRX MIN = greater of (5CK, 10ns) CcK 1

or power-down exit (PDX), or reset exit

Power-Down Timing

qov

Exit power-down with DLL on to any val- ™XP MIN = greater of 4CK or 6ns CK 1
id command
Exit precharge power-down with DLL fro- P _PAR MIN = (greater of 4CK or 6ns) + PL CcK 1

zen to commands not requiring a locked
DLL when CA Parity is enabled.

CKE MIN pulse width tCKE (MIN) MIN = greater of 3CK or 5ns CK 1
Command pass disable delay tCPDED 4 | - | 4 | - | 4 | - | | CK
Power-down entry to power-down exit tPD MIN = tCKE (MIN); MAX = 9 x tREFI CK

timing

Begin power-down period prior to CKE tANPD WL - 1CK CcK
registered HIGH

Power-down entry period: ODT either PDE Greater of YANPD or 'RFC - REFRESH command to CKE LOW time CK

synchronous or asynchronous
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min | Max Min | Max Min Max Min Max Unit
Power-down exit period: ODT either syn- PDX tANPD + ™XSDLL CcK
chronous or asynchronous
Power-Down Entry Minimum Timing
ACTIVATE command to power-down en- tACTPDEN 2 - 2 - 2 - CK
try
PRECHARGE/PRECHARGE ALL command tPRPDEN 2 - 2 - 2 - CK
to power-down entry
REFRESH command to power-down entry ‘REFPDEN 2 - 2 - 2 - CK
MRS command to power-down entry tMRSPDEN MIN = tMOD (MIN) CK
READ/READ with auto precharge com- ‘RDPDEN MIN=RL+4 +1 CK
mand to power-down entry
WRITE command to power-down entry Y"WRPDEN MIN = WL + 4 + '"WR/CK (AVG) CK
(BL8OTF, BLBMRS, BC40OTF)
WRITE command to power-down entry YWRPBC4DEN MIN = WL + 2 + '"WR/ACK (AVG) CK
(BCAMRS)
WRITE with auto precharge command to “WRAPDEN MIN=WL +4 +WR + 1 CK
power-down entry (BL8OTF,
BL8MRS,BC40TF)
WRITE with auto precharge command to | "WRAPBC4DEN MIN =WL + 2 + WR + 1 CK
power-down entry (BC4AMRS)
ODT Timing
Direct ODT turn-on latency DODTLon WL-2=CWL+AL+PL-2 CK
Direct ODT turn-off latency DODTLoff WL-2=CWL+AL+PL-2 CK
Ryt dynamic change skew tADC 0.3 0.7 0.28 0.72 0.26 0.74 CK
Asynchronous Ryrvom) turn-on delay tAONAS 1 9 1 9 1 9 ns
(DLL off)
Asynchronous Rrryowm) turn-off delay tAOFAS 1 9 1 9 1 9 ns
(DLL off)
ODT HIGH time with WRITE command ODTHS 1tCK 6 - 6 - 6 - CcK
and BL8 ODTH8 2tCK 7 - 7 - 7 -
ODT HIGH time without WRITE command | ODTH4 1tCK 4 - 4 - 4 - CcK
or with WRITE command and BC4 ODTH4 2tCK 5 _ 5 _ 5 _

Write Leveling Timing
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Table 160: Electrical Characteristics and AC Timing Parameters (Continued)

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
First DQS_t, DQS_c rising edge after write “WLMRD 40 - 40 - 40 - CcK
leveling mode is programmed
DQS_t, DQS_c delay after write leveling YWLDQSEN 25 - 25 - 25 - CK
mode is programmed
Write leveling setup from rising CK_t, HWLS 0.13 - 0.13 - 0.13 - CcK
CK_c crossing to rising DQS_t, DQS_c
crossing
Write leveling hold from rising DQS_t, YWLH 0.13 - 0.13 - 0.13 - CcK
DQS_c crossing to rising CK_t, CK_c cross-
ing
Write leveling output delay WLO 0 9.5 0 9.5 0 9.5 ns
Write leveling output error 'WLOE 0 2 0 2 0 2 ns

Gear-Down Timing

Exit reset from CKE HIGH to a valid MRS ™XPR_GEAR PR PR PR K
gear-down
CKE HIGH assert to gear-down enable ™S_GEAR 'S 'S 'S CK
time)
MRS command to sync pulse time t'SYNC_GEAR tMOD + 4CK TMOD + 4CK T™MOD + 4CK K
Sync pulse to first valid command tCMD_GEAR tMOD tMOD tMOD CK
Gear-down setup time tGEAR_setup 2CK - 2CK - 2CK - CK
Gear-down hold time '*GEAR_hold 2CK - 2CK - 2CK - CcK
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4Gb: x4, x8, x16 DDR4 SDRAM
Electrical Characteristics and AC Timing Parameters: 2666
Through 3200

Maximum limit not applicable.

tCCD_L and 'DLLK should be programmed according to the value defined per operating
frequency.

DDR4-1600 AC timing parameters apply if DRAM operates at lower than 1600 MT/s data
rate.

Data rate is greater than or equal to 1066 Mb/s.
WRITE-to-READ when CRC and DM are both not enabled.
WRITE-to-READ delay when CRC and DM are both enabled.
The start of internal write transactions is defined as follows:

e For BL8 (fixed by MRS and on-the-fly): rising clock edge four clock cycles after WL
¢ For BC4 (on-the-fly): rising clock edge four clock cycles after WL
e For BC4 (fixed by MRS): rising clock edge two clock cycles after WL

. For these parameters, the device supports thPARAM [nCK] = RU{tPARAM [ns]/tCK (AVG)

[ns]}, in clock cycles, assuming all input clock jitter specifications are satisfied.

. RFU
10.
11.
12.

When operating in 11CK WRITE preamble mode.

When operating in 2tCK WRITE preamble mode.

When CA parity mode is selected and the DLLoff mode is used, each REF command re-
quires an additional "PL" added to 'RFC refresh time.

DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cesses to a particular row address may result in reduction of the product lifetime and/or
reduction in data retention ability.

Applicable from tCK (AVG) MIN to 'CK (AVG) MAX as stated in the Speed Bin tables.
JEDEC specifies a minimum of five clocks.

The maximum read postamble is bound by 'DQSCK (MIN) plus *QSH (MIN) on the left
side and tHZ(DQS) MAX on the right side.

The reference level of DQ output signal is specified with a midpoint as a widest part of
output signal eye, which should be approximately 0.7 x Vppq as a center level of the
static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and
an effective test load of 50 ohms to Vi1 = Vppo.

JEDEC hasn't agreed upon the definition of the deterministic jitter; the user should fo-
cus on meeting the total limit.

Spread spectrum is not included in the jitter specification values. However, the input
clock can accommodate spread-spectrum at a sweep rate in the range of 20-60 kHz with
an additional 1% of 'CK (AVG) as a long-term jitter component; however, the spread
spectrum may not use a clock rate below 'CK (AVG) MIN.

The actual *tCAL minimum is the larger of 3 clocks or 3.748ns/'CK; the table lists the ap-
plicable clocks required at targeted speed bin.

The maximum READ preamble is bounded by 'LZ(DQS) MIN on the left side and 'DQSCK
(MAX) on the right side. See figure in the Clock to Data Strobe Relationship section.
Boundary of DQS Low-Z occurs one cycle earlier in 2tCK toggle mode, as illustrated in
the READ Preamble section.

DQ falling signal middle-point of transferring from HIGH to LOW to first rising edge of
DQS differential signal cross-point.

The tPDA_S/'PDA_H parameters may use the 'DS/'DH limits, respectively, if the signal is
LOW the entire BLS.
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4Gb: x4, x8, x16 DDR4 SDRAM

M ICIrOIN Converting Time-Based Specifications to Clock-Based Require-

ments

Converting Time-Based Specifications to Clock-Based Requirements

Software algorithms for calculation of timing parameters are subject to potential round-
ing errors when converting DRAM timing requirements to system clocks; for example, a
memory clock with a nominal frequency of 933.33...3 MHz, or a clock period of
1.071428571429...ns. Similarly, a system with a memory clock frequency of 1066.66...6
MHz mathematically yields a clock period of 0.9375ns. It is unrealistic to represent all
digits after the decimal point exactly and some sort of rounding needs to be done.

DDR4 SDRAM SPD-based specifications use a minimum granularity for SPD-associated
timing parameters of 1ps. Clock periods such as '‘CK (AVG) MIN are defined to the near-
est picosecond. For example, 0.9375ns is stated as 937ps and 1.0714ns is stated as
1071ps. Parameters such as '‘AA MIN, and 'RCD MIN are specified in units of time
(nanoseconds) and require mathematical computation to convert to system clocks
(nCK). Rules for rounding allows optimization of device performance without violating
device parameters. These SPD algorithms rely on results that are within adjustment fac-
tors on device testing and specification to avoid losing performance due to rounding er-
rors when using SPD-based parameters.

Guidance converting SPD associated timing parameters to system clock requirements:

» Divide the time base specification (in ns) by the clock period (in ns).

e Subtract an adjustment factor of 0.025. This is results in a -2.5% 'CK adjustment fac-
tor.

e The resultant is set to the next higher integer number of clocks.

e nCK = ceiling [ (parameter in ns / application 'CK in ns) - 0.025 ].
Alternatively, the following algorithm provides the same results as above:

* Use integer math expressing timing specification and application clock period in pi-
coseconds; scaling a nanosecond-based parameter value by 1000.

 Divide the picosecond-based parameter by the picoseconds based application clock
period.

¢ Add an inverse adjustment factor of 97.4%.

* Divide the result by 1000.

e Truncate down to the next lower integer value.

e nCK = truncate [ {(parameter in ps x 1000) / (application ‘CK in ps) + 974} / 1000 ].

Guidance converting nonSPD associated timing parameters to system clock require-
ments:

e Divide the time base specification (in ns) and divided by the clock period (in ns).

* The resultant is set to the next higher integer number of clocks.

e nCK = ceiling [ (parameter in ns / application ‘CK in ns) ].
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A{(!? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Options Tables

Options Tables

Table 161: Options - Speed Based

Data Rate

Function Acronym 1600 1866 2133 2400 2666 2933 3200
Write leveling WL Yes Yes Yes Yes Yes Yes Yes
Temperature controlled refresh TCR Yes Yes Yes Yes Yes Yes Yes
Low-power auto self refresh LPASR Yes Yes Yes Yes Yes Yes Yes
Fine granularity refresh FGR Yes Yes Yes Yes Yes Yes Yes
Multipurpose register MR Yes Yes Yes Yes Yes Yes Yes
Data mask DM Yes Yes Yes Yes Yes Yes Yes
Data bus inversion DBI Yes Yes Yes Yes Yes Yes Yes
TDQS - Yes Yes Yes Yes Yes Yes Yes
ZQ calibration ZQ CAL Yes Yes Yes Yes Yes Yes Yes
VRerpq calibration - Yes Yes Yes Yes Yes Yes Yes
Per-DRAM addressability Per DRAM Yes Yes Yes Yes Yes Yes Yes
Mode register readout - Yes Yes Yes Yes Yes Yes Yes
Command/Address latency CAL Yes Yes Yes Yes Yes Yes Yes
Write CRC CRC Yes Yes Yes Yes Yes Yes Yes
CA parity - Yes Yes Yes Yes Yes Yes Yes
Gear-down mode - No No No No Yes Yes Yes
Programmable preamble - No No No Yes Yes Yes Yes
Maximum power saving mode MPSM Yes Yes Yes Yes Yes Yes Yes
Additive latency AL Yes Yes Yes Yes Yes Yes Yes
Connectivity test mode cT Yes Yes Yes Yes Yes Yes Yes
Hard post package repair mode hPPR Yes Yes Yes Yes Yes Yes Yes
Soft post package repair mode sPPR Yes Yes Yes Yes Yes Yes Yes
CCMTD-1725822587-9046 382 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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A{(!? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Options Tables

Table 162: Options - Width Based

Width
Function Acronym x4 x8 x16
Write leveling WL Yes Yes Yes
Temperature controlled refresh TCR Yes Yes Yes
Low-power auto self refresh LPASR Yes Yes Yes
Fine granularity refresh FGR Yes Yes Yes
Multipurpose register MR Yes Yes Yes
Data mask DM No Yes Yes
Data bus inversion DBI No Yes Yes
TDQS - No Yes No
ZQ calibration ZQ CAL Yes Yes Yes
VRerpq calibration - Yes Yes Yes
Per-DRAM addressability Per DRAM Yes Yes Yes
Mode regsiter readout - Yes Yes Yes
Command/Address latency CAL Yes Yes Yes
Write CRC CRC Yes Yes Yes
CA parity - Yes Yes Yes
Gear-down mode - Yes Yes Yes
Programmable preamble - Yes Yes Yes
Maximum power-down mode MPSM Yes Yes No
Additive latency AL Yes Yes Yes
Connectivity test mode cT JEDEC optional on 8Gb and larger densities Yes
Micron supports on all densities
Hard post package repair mode hPPR JEDEC optional on 4Gb
Micron supports on all densities
Soft post package repair mode sPPR JEDEC optional on 4Gb and 8Gb
Micron supports on all densities

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-4000
www.micron.com/products/support Sales inquiries: 800-932-4992
Micron and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein.
Although considered final, these specifications are subject to change, as further product development and data characterization some-
times occur.
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