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Adicron

Current Specifications - Limits

8Gb: x8,

x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 148: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 95°C)

Symbol Width DDR4-2400 DDR4-2666 Unit
Ippo: One bank ACTIVATE-to-PRECHARGE cur- x8 48 51 mA
rent x16 80 85 mA
Ippo: ONne bank ACTIVATE-to-PRECHARGE Ipp x8 3 3 mA
current x16 4 4
Ipp1: One bank ACTIVATE-to-READ-to- PRE- x8 60 63 mA
CHARGE current x16 100 105 mA
Ipp2n: Precharge standby current ALL 34 35 mA
Ippant: Precharge standby ODT current x8 50 50 mA
x16 75 75 mA
Ipp2p: Precharge power-down current ALL 25 25 mA
Ipp2q: Precharge quiet standby current ALL 30 30 mA
Ippan: Active standby current x8 43 46 mA
x16 47 50
Ippan: Active standby Ipp current ALL 3 3 mA
Ippsp: Active power-down current x8 37 39 mA
x16 41 43
Ippar: Burst read current x8 138 149 mA
x16 255 275 mA
Ippaw: Burst write current x8 126 135 mA
x16 248 264 mA
Ippsg: Distributed refresh current (1X REF) x8 54 55 mA
x16 57 58
Ippsgr: Distributed refresh Ipp current (1X REF) ALL 5 5 mA
Ippen: Self refresh current! ALL 30 30 mA
Ippee: Self refresh current? ALL 35 35 mA
Ipper: Self refresh current3 4 ALL 20 20 mA
Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 mA
Ippea: Auto self refresh current, 45°C 4 ALL 20 20 mA
Ippsa: Auto self refresh current, 75°C 4 ALL 30 30 mA
Ippex: Auto self refresh current?3 ALL 5 5 mA
Ipp7: Bank interleave read current x8 177 182 mA
x16 252 262 mA
Ipp7: Bank interleave read lpp current x8 15 15 mA
x16 20 20 mA
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8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 148: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 95°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 Unit
Ippg: Maximum power-down current x8 25 25 mA
x16 25 25

Notes:

1.

16.
17.

18.

19.
20.
21.
22.

23.
24,

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-
ture range of operation (-40-95°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature
range of operation (-40-45°C).

Ippse, posr: @nd Ippea Values are verified by design and characterization, and may not be
subject to production test.

When additive latency is enabled for Ippg, current changes by approximately 0%.

When additive latency is enabled for Ipp,, current changes by approximately +5% (x8),
+4% (x16).

When additive latency is enabled for Ippyp, current changes by approximately +0%.

. When DLL is disabled for Ippyy, current changes by approximately -23%.
. When CAL is enabled for Ipp,y, current changes by approximately -25%.
10.
11.
12.
13.
14.
15.

When gear-down is enabled for Ipp,n, current changes by approximately 0%.

When CA parity is enabled for Ipp,y, current changes by approximately +7%.

When additive latency is enabled for Ippsn, current changes by approximately +1%.
When additive latency is enabled for Ippgr, current changes by approximately +5%.
When read DBI is enabled for Ippgg, current changes by approximately 0%.

When additive latency is enabled for Ippaw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippaw, current changes by approximately 0%.

When write CRC is enabled for Ippaw, current changes by approximately 10% (x8), 10%
(x16).

When CA parity is enabled for Ippaw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately -14%.

When 4X REF is enabled for Ippsg, current changes by approximately -33%.

Ippg test and limit is applicable for Ippg and Ippq conditions.

Ipp3n test and limit is applicable for all Ippay, Ipp3x Ibpax @and Ippg conditions; That is, test-
ing Ipp3y should satisfy the Ipps for the noted Ipp tests.

|PP6x is applicable to IDDGN: IDDGE: IDDGR: and IDD6A conditions.

When Tc < 0°C: Ippop and Ippsp must be derated by 6%; Ippar and Ippayw must be derated
by 4%; Ipps, lopee, and Ippy must be derated by 11%.

Table 149: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 105°C)

Symbol Width DDR4-2400 DDR4-2666 Unit
Ippo: One bank ACTIVATE-to-PRECHARGE cur- x8 50 53 mA
rent x16 83 88 mA
Ippo: One bank ACTIVATE-to-PRECHARGE Ipp x8 3 3 mA
current x16 4 4
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(p/'? ICron 8Gb: x8, x16 Automotive DDR4 SDRAM

Current Specifications - Limits

Table 149: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 105°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 Unit

Ipp1: One bank ACTIVATE-to-READ-to- PRE- x8 62 65 mA

CHARGE current x16 103 108 mA

Ipp2n: Precharge standby current x8 36 37 mA
x16 37 38

Ippant: Precharge standby ODT current x8 52 52 mA
x16 78 78 mA

Ipp2p: Precharge power-down current x8 27 27 mA
x16 28 28

Ipp2q: Precharge quiet standby current x8 32 32 mA
x16 33 33

Ippan: Active standby current x8 45 48 mA
x16 50 53

Ippan: Active standby Ipp current ALL 3 3 mA

Ippszp: Active power-down current x8 39 41 mA
x16 44 46

Ippar: Burst read current x8 140 151 mA
x16 259 279 mA

Ippaw: Burst write current x8 129 138 mA
x16 253 269 mA

Ippsg: Burst refresh current (1X REF) x8 76 77 mA
x16 83 84

Ippsgr: Burst refresh Ipp current (1X REF) ALL 7 7 mA

Ippen: Self refresh current! x8 32 32 mA
x16 33 33

Ippeg: Self refresh current? x8 37 37 mA
x16 38 38

Ipper: Self refresh current3 4 x8 22 22 mA
x16 23 23

Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 mA

Ippea: Auto self refresh current, 45°C 4 ALL 20 20 mA

Ippea: Auto self refresh current, 75°C 4 ALL 30 30 mA

Ippex: Auto self refresh current?3 ALL 5 5 mA

Ipp7: Bank interleave read current x8 179 184 mA
x16 254 264 mA

Ipp7: Bank interleave read Ipp current x8 15 15 mA
x16 20 20 mA
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8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 149: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 105°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 Unit
Ippg: Maximum power-down current x8 27 27 mA
x16 28 28

Notes:

1.

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-
ture range of operation (-40-105°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature
range of operation (-40-45°C).

4. Ippgr and Ippea Values are typical.

16.
17.

18.

19.
20.
21.
22.

23.
24,

When additive latency is enabled for Ippg, current changes by approximately 0%.

When additive latency is enabled for Ipp, current changes by approximately +5% (x8),
+4% (x16).

. When additive latency is enabled for Ipp,p, current changes by approximately +0%.
. When DLL is disabled for Ipp,n, current changes by approximately -23%.

. When CAL is enabled for Ippyy, current changes by approximately -25%.

10.
11.
12.
13.
14.
15.

When gear-down is enabled for Ipp,y, current changes by approximately 0%.

When CA parity is enabled for Ipp,n, current changes by approximately +7%.

When additive latency is enabled for Ippsn, current changes by approximately +1%.
When additive latency is enabled for Ippgr, current changes by approximately +5%.
When read DBI is enabled for Ippgg, current changes by approximately 0%.

When additive latency is enabled for Ippgyw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippgw, current changes by approximately 0%.

When write CRC is enabled for Ippaw, current changes by approximately 10% (x8), 10%
(x16).

When CA parity is enabled for Ippgw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately -14%.

When 4X REF is enabled for Ippsg, current changes by approximately -33%.

Ippg test and limit is applicable for Ippg and Ippq conditions.

Ipp3n test and limit is applicable for all Ippay Ipp3x Ippax @and Ippg conditions; That is, test-
ing Ipp3n should satisfy the Ipps for the noted Ipp tests.

Ippgyx is applicable to Ippgn. Ibpee: Ibbsr: @and Ippea conditions.

When T¢ < 0°C: Ippop and Ippsp must be derated by 6%; Ippsr and Ippayw Must be derated
by 4%; Ipps, lopee, and Ippy must be derated by 11%.

Table 150: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 125°C)

Symbol Width DDR4-2400 DDR4-2666 Unit
Ippo: One bank ACTIVATE-to-PRECHARGE cur- x8 68 68 mA
rent x16 95 95 mA
Ippo: One bank ACTIVATE-to-PRECHARGE Ipp x8 3 3 mA
current X16 4 4

Ipp1: One bank ACTIVATE-to-READ-to- PRE- x8 80 80 mA
CHARGE current x16 115 115 mA
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(p/'? ICron 8Gb: x8, x16 Automotive DDR4 SDRAM

Current Specifications - Limits

Table 150: Ipp, lpp, and Ippq Current Limits - Rev. B (0°C < T¢ < 125°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 Unit

Ipp2n: Precharge standby current x8 53 53 mA
x16 55 55

Ippant: Precharge standby ODT current x8 77 77 mA
x16 85 85 mA

Ipp2p: Precharge power-down current x8 45 45 mA
x16 45 45

Ipp2q: Precharge quiet standby current x8 49 49 mA
x16 49 49

Ippan: Active standby current x8 76 76 mA
x16 76 76

Ippan: Active standby Ipp current ALL 3 3 mA

Ipp3p: Active power-down current x8 69 69 mA
x16 69 69

Ippar: Burst read current x8 170 170 mA
x16 290 290 mA

Ippaw: Burst write current x8 161 161 mA
x16 284 284 mA

Ippsg: Burst refresh current (1X REF) x8 133 133 mA
x16 147 147

Ippsgr: Burst refresh Ipp current (1X REF) ALL 12 12 mA

Ippen: Self refresh current! x8 51 51 mA
x16 51 51

Ippeg: Self refresh current? x8 59 59 mA
x16 59 59

Ipper: Self refresh current3 4 x8 47 47 mA
x16 47 47

Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 mA

Ippea: Auto self refresh current, 45°C 4 ALL 20 20 mA

Ippea: Auto self refresh current, 75°C 4 ALL 30 30 mA

Ippex: Auto self refresh current?3 ALL 5 5 mA

Ipp7: Bank interleave read current x8 192 192 mA
x16 273 273 mA

Ipp7: Bank interleave read Ipp current x8 15 15 mA
x16 20 20 mA

Ippg: Maximum power-down current x8 42 42 mA
x16 42 42

Notes: 1. Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).
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10.
11.
12.
13.
14.
15.

16.
17.

18.

19.
20.
21.
22.

23.
24.

8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-
ture range of operation (-40-125°C).

. Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature

range of operation (-40-45°C).
Ibpsr @and Ippea Values are typical.
When additive latency is enabled for Ippg, current changes by approximately 0%.

. When additive latency is enabled for Ippq, current changes by approximately +5% (x8),

+4% (x16).

. When additive latency is enabled for Ipp,n, current changes by approximately +0%.
. When DLL is disabled for Ipp,n, current changes by approximately -23%.
. When CAL is enabled for Ipp,y, current changes by approximately -25%.

When gear-down is enabled for Ipp,y, current changes by approximately 0%.

When CA parity is enabled for Ipp,y, current changes by approximately +7%.

When additive latency is enabled for Ipps3y, current changes by approximately +1%.
When additive latency is enabled for Ippgr, current changes by approximately +5%.
When read DBI is enabled for Ippgr, current changes by approximately 0%.

When additive latency is enabled for Ippaw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippaw, current changes by approximately 0%.

When write CRC is enabled for Ippaw, current changes by approximately 10% (x8), 10%
(x16).

When CA parity is enabled for Ippaw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately -14%.

When 4X REF is enabled for Ippsg, current changes by approximately -33%.

Ippo test and limit is applicable for Ippg and Ipp1 conditions.

Ipp3n test and limit is applicable for all Ippay, Ipp3x Ibpax. @nd Ippg conditions; That is, test-
ing Ipp3y should satisfy the Ipps for the noted Ipp tests.

IPPGX is applicable to IDDGNI IDDGE: IDDGR: and IDDGA conditions.

When T¢ < 0°C: Ippop and Ippzp must be derated by 6%; Ippar and Ippgyw Must be derated
by 4%; Ipps, lopee, and Ipp7 must be derated by 11%.

Table 151: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 95°C)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippo: One bank ACTIVATE-to-PRE- x8 43 45 49 mA
CHARGE current x16 50 52 56 mA
Ippo: One bank ACTIVATE-to-PRE- x8 3 3 3 mA
CHARGE Ipp current x16 4 4 4

Ipp1: One bank ACTIVATE-to-READ-to- x8 59 61 65 mA
PRECHARGE current x16 77 79 83 mA
Ipp2n: Precharge standby current ALL 31 32 34 mA
Ippant: Precharge standby ODT cur- x8 40 42 46 mA
rent x16 48 51 57 mA
Ipp2p: Precharge power-down current ALL 25 25 25 mA
Ipp2q: Precharge quiet standby cur- ALL 27 27 27 mA
rent
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Adicron

8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 151: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 95°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippan: Active standby current x8 39 141 45 mA
x16 40 42 46
Ippan: Active standby Ipp current ALL 3 3 3 mA
Ippszp: Active power-down current x8 31 32 34 mA
x16 32 33 35
Ippar: Burst read current x8 150 161 184 mA
x16 261 282 322 mA
Ippaw: Burst write current x8 127 136 155 mA
x16 205 223 258 mA
Ippsg: Distributed refresh current (1X ALL 67 68 70 mA
REF)
Ippsg: Distributed refresh Ipp current ALL 5 5 5 mA
(1X REF)
Ippen: Self refresh current! ALL 34 34 34 mA
Ippeg: Self refresh current? ALL 58 58 58 mA
Ipper: Self refresh current3 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 8.6 mA
Ippea: Auto self refresh current, 45°C 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 75°C 4 ALL 31 31 31 mA
Ippea: Auto self refresh current, 95°C 4 ALL 58 58 58 mA
Ippex: Auto self refresh current?3 ALL 5 5 5 mA
Ipp7: Bank interleave read current x8 175 180 190 mA
x16 243 252 270 mA
Ipp7: Bank interleave read Ipp current x8 13 13 13 mA
x16 18 18 18 mA
Ippg: Maximum power-down current ALL 18 18 18 mA

Notes:

1.

o w

© v N

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).

. Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-

ture range of operation (-40-95°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature
range of operation (-40-45°C).

Ibpse: posr: @Nd Ippea Values are verified by design and characterization, and may not be
subject to production test.

When additive latency is enabled for Ippg, current changes by approximately 1%.

When additive latency is enabled for Ipp, current changes by approximately +8% (x8),
+7% (x16).

When additive latency is enabled for Ippyy, current changes by approximately +1%.
When DLL is disabled for Ipp,n, current changes by approximately —6%.

When CAL is enabled for Ipp,p, current changes by approximately —-30%.

When gear-down is enabled for Ipp,n, current changes by approximately 0%.
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11.
12.
13.
14.
15.

16.
17.

18.

19.
20.
21.
22.
23.
24.

25.
26.

8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

When CA parity is enabled for Ippyn, current changes by approximately +10%.

When additive latency is enabled for Ippzy, current changes by approximately +1%.
When additive latency is enabled for Ippgg, current changes by approximately +4%.
When read DBI is enabled for Ippag, current changes by approximately -14%.

When additive latency is enabled for Ippayw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippgy, current changes by approximately —20%.

When write CRC is enabled for Ippay, current changes by approximately -5% (x8), -5%
(x16).

When CA parity is enabled for Ippaw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately 0%.

When 4X REF is enabled for Ippsg, current changes by approximately 0%.

When 2X REF is enabled for lppsg, current changes by approximately 0%.

When 4X REF is enabled for lppsg, current changes by approximately 0%.

Ippo test and limit is applicable for Ippg and Ippy conditions.

Ipp3n test and limit is applicable for all Ippay, Ipp3x Ibpax. @and Ippg conditions; That is, test-
ing Ipp3y should satisfy the Ipps for the noted Ipp tests.

IPPGX is applicable to IDD6NI IDDGE: IDD6R: and IDDGA conditions.

When T¢ < 0°C: Ippop and Ippzp must be derated by 6%; Ippar and Ippgyw must be derated
by 4%; Ipps, lppee, and Ipp7 must be derated by 11%.

Table 152: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 105°C)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippo: One bank ACTIVATE-to-PRE- x8 45 47 51 mA
CHARGE current x16 52 54 58 mA
Ippo: One bank ACTIVATE-to-PRE- x8 3 3 3 mA
CHARGE Ipp current x16 4 4 4
Ipp1: One bank ACTIVATE-to-READ-to- x8 61 63 67 mA
PRECHARGE current x16 79 81 85 mA
Ipp2n: Precharge standby current ALL 33 34 36 mA
IppanT: Precharge standby ODT cur- x8 42 44 48 mA
rent x16 49 53 59 mA
Ipp2p: Precharge power-down current ALL 26 26 26 mA
Ipp2q: Precharge quiet standby cur- ALL 29 29 29 mA
rent
Ippan: Active standby current x8 41 43 47 mA
x16 42 44 48
Ippan: Active standby Ipp current ALL 3 3 3 mA
Ipp3p: Active power-down current x8 34 35 37 mA
x16 35 36 38
Ippar: Burst read current x8 155 166 189 mA
x16 265 292 326 mA
Ippaw: Burst write current x8 132 141 160 mA
x16 210 228 263 mA
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8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 152: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 105°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippsg: Distributed refresh current (1X ALL 97 98 100 mA
REF)
Ippsg: Distributed refresh Ipp current ALL 5 5 5 mA
(1X REF)
Ippen: Self refresh current! ALL 34 34 34 mA
Ippee: Self refresh current? ALL 80 80 80 mA
Ipper: Self refresh current3 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 8.6 mA
Ippea: Auto self refresh current, 45°C 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 75°C 4 ALL 31 31 31 mA
Ippea: Auto self refresh current, 95°C 4 ALL 59 59 59 mA
Ippex: Auto self refresh current?3 ALL 6 6 6 mA
Ipp7: Bank interleave read current x8 180 185 195 mA
x16 248 257 275 mA
Ipp7: Bank interleave read Ipp current x8 13 13 13 mA
x16 18 18 18 mA
Ippg: Maximum power-down current ALL 20 20 20 mA

Notes:

1.

16.
17.

18.

19.

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-
ture range of operation (-40-105°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature
range of operation (-40-45°C).

Ibpse: posr: @nd Ippea Values are verified by design and characterization, and may not be
subject to production test.

When additive latency is enabled for Ippg, current changes by approximately 1%.

When additive latency is enabled for Ipp, current changes by approximately +8% (x8),
+7% (x16).

. When additive latency is enabled for Ipp,p, current changes by approximately +1%.
. When DLL is disabled for Ippn, current changes by approximately -6%.

. When CAL is enabled for Ippyy, current changes by approximately -30%.

10.
11.
12.
13.
14.
15.

When gear-down is enabled for Ipp,n, current changes by approximately 0%.

When CA parity is enabled for Ippyy, current changes by approximately +10%.

When additive latency is enabled for Ippzp, current changes by approximately +1%.
When additive latency is enabled for Ippggr, current changes by approximately +4%.
When read DBI is enabled for Ippag, current changes by approximately -14%.

When additive latency is enabled for Ippayw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippgy, current changes by approximately —20%.

When write CRC is enabled for Ippay, current changes by approximately -5% (x8), -5%
(x16).

When CA parity is enabled for Ippaw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately 0%.
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ﬂ ICron 8Gb: x8, x16 Automotive DDR4 SDRAM

Current Specifications - Limits

20. When 4X REF is enabled for Ippsg, current changes by approximately 0%.

21. When 2X REF is enabled for Ippsg, current changes by approximately 0%.

22. When 4X REF is enabled for Ippsg, current changes by approximately 0%.

23. Ippg test and limit is applicable for Ippg and Ipp1 conditions.

24. Ipp3y test and limit is applicable for all Ippax Ipp3x Ippax. @and Ippg conditions; That is, test-
ing Ipp3n should satisfy the Ipps for the noted Ipp tests.

25. IPPGX is applicable to IDDGNI IDDGEI IDDGRI and IDDGA conditions.

26. When T¢ < 0°C: Ippzp and Ipp3p must be derated by 6%; Ippag and Ippayw must be derated
by 4%; Ippe, Ippse, and Ipp7 must be derated by 11%.

Table 153: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 125°C)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippo: One bank ACTIVATE-to-PRE- x8 47 49 53 mA
CHARGE current x16 54 56 60 mA
Ippo: One bank ACTIVATE-to-PRE- x8 3 3 3 mA
CHARGE Ipp current x16 4 4 4
Ipp1: One bank ACTIVATE-to-READ-to- x8 63 65 69 mA
PRECHARGE current x16 81 83 87 mA
Ipp2n: Precharge standby current ALL 35 36 38 mA
IppanT: Precharge standby ODT cur- x8 44 46 50 mA
rent x16 50 55 61 mA
Ipp2p: Precharge power-down current ALL 27 27 27 mA
Ipp2q: Precharge quiet standby cur- ALL 31 31 31 mA
rent
Ippan: Active standby current x8 43 45 49 mA
x16 44 46 50
Ippan: Active standby Ipp current ALL 3 3 3 mA
Ipp3p: Active power-down current x8 37 38 40 mA
x16 38 39 41
Ippar: Burst read current x8 160 171 194 mA
x16 269 302 330 mA
Ippaw: Burst write current x8 137 146 165 mA
x16 215 233 268 mA
Ippsg: Distributed refresh current (1X ALL 170 171 172 mA
REF)
Ippsg: Distributed refresh Ipp current ALL 10 10 10 mA
(1X REF)
Ippen: Self refresh current! ALL 34 34 34 mA
Ippee: Self refresh current? ALL 155 155 155 mA
Ipper: Self refresh current3 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 25°C 4 ALL 8.6 8.6 8.6 mA
Ippea: Auto self refresh current, 45°C 4 ALL 21 21 21 mA
Ippea: Auto self refresh current, 75°C 4 ALL 31 31 31 mA
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8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 153: Ipp, lpp, and Ippq Current Limits - Rev. E (0°C < T¢ < 125°C) (Continued)

Symbol Width DDR4-2400 DDR4-2666 DDR4-3200 Unit
Ippea: Auto self refresh current, 95°C 4 ALL mA
Ippex: Auto self refresh current?3 ALL 7 7 7 mA
Ipp7: Bank interleave read current x8 185 190 200 mA

x16 253 262 280 mA
Ipp7: Bank interleave read Ipp current x8 13 13 13 mA

x16 18 18 18 mA
Ippg: Maximum power-down current ALL 22 22 22 mA

Notes:

1.

10.
11.
12.
13.
14.
15.

16.
17.

18.

19.
20.
21.
22.
23.
24.

25.
26.

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal temperature
range of operation (-40-85°C).

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-
ture range of operation (-40-125°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature
range of operation (-40-45°C).

Ibpse: posr: @nd Ippea Values are verified by design and characterization, and may not be
subject to production test.

When additive latency is enabled for Ippg, current changes by approximately 1%.

When additive latency is enabled for Ipp, current changes by approximately +8% (x8),
+7% (x16).

. When additive latency is enabled for Ipp,p, current changes by approximately +1%.
. When DLL is disabled for Ippn, current changes by approximately -6%.

When CAL is enabled for Ipp,y, current changes by approximately —-30%.

When gear-down is enabled for Ipp,n, current changes by approximately 0%.

When CA parity is enabled for Ippyn, current changes by approximately +10%.

When additive latency is enabled for Ippzy, current changes by approximately +1%.
When additive latency is enabled for Ippgg, current changes by approximately +4%.
When read DBI is enabled for Ippgg, current changes by approximately -14%.

When additive latency is enabled for Ippayw, current changes by approximately +3% (x8),
+4% (x16).

When write DBI is enabled for Ippgy, current changes by approximately —20%.

When write CRC is enabled for Ippay, current changes by approximately -5% (x8), -5%
(x16).

When CA parity is enabled for Ippgw, current changes by approximately +12% (x8),
+12% (x16).

When 2X REF is enabled for Ippsg, current changes by approximately 0%.

When 4X REF is enabled for Ippsg, current changes by approximately 0%.

When 2X REF is enabled for lppsg, current changes by approximately 0%.

When 4X REF is enabled for lppsg, current changes by approximately 0%.

Ippo test and limit is applicable for Ippg and Ippy conditions.

Ipp3n test and limit is applicable for all Ippay, Ipp3x Ibpax. @and Ippg conditions; That is, test-
ing Ipp3y should satisfy the Ipps for the noted Ipp tests.

IPPGX is applicable to IDD6NI IDDGE: IDD6R: and IDDGA conditions.

When T¢ < 0°C: Ippop and Ippzp must be derated by 6%; Ippar and Ippgyw must be derated
by 4%; Ipps, lopee, and Ipp7 must be derated by 11%.
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Table 154: Ipp, lpp, and Ippq Current Limits; Die Rev. R (-40° < T¢ < 85°C)

8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Symbol Width | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 | Unit
Ippo: One bank ACTIVATE-to- | x4 38 40 42 44 46 mA
PRECHARGE current X8 40 42 44 46 48 mA
x16 51 53 55 57 59 mA
Ippo: One bank ACTIVATE-to- | x4, x8 4 4 mA
PRECHARGE Ipp current x16 5 5 mA
Ipp1: One bank ACTIVATE-to- | x4 43 45 47 49 51 mA
READ-to- PRECHARGE cur- 8 47 49 51 53 55 mA
rent x16 61 63 65 67 69 mA
Ipp2n: Precharge standby ALL 34 35 36 37 38 mA
current
IppanTt: Precharge standby x4, x8 33 35 37 39 141 mA
ODT current x16 38 40 42 44 46 mA
Ipp2p: Precharge power- ALL 30 30 30 30 30 mA
down current
Ipp2q: Precharge quiet stand-| ALL 34 34 34 34 34 mA
by current
Ipp3n: Active standby current| x4 34 36 38 40 42 mA
x8 35 37 39 11 43 mA
x16 36 38 40 42 44 mA
Ippan: Active standby Ipp cur- ALL 3 3 3 3 3 mA
rent
Ippzp: Active power-down x4 28 29 30 31 32 mA
current x8 29 30 31 32 33 mA
x16 30 31 32 33 34 mA
Ippar: Burst read current x4 74 80 88 95 103 mA
x8 92 98 105 113 123 mA
x16 130 139 151 164 176 mA
Ippaw: Burst write current x4 62 66 70 76 82 mA
x8 79 85 91 98 106 mA
x16 102 109 119 127 138 mA
Ippsg: Distributed refresh ALL 44 45 45 46 47 mA
current (1X REF)
Ippsgr: Distributed refresh Ipp ALL 5 5 5 5 5 mA
current (1X REF)
Ippen: Self refresh current; — ALL 32 32 32 32 32 mA
40-85°C on page
Ippeg: Self refresh current; — ALL 52 52 52 52 52 mA
40-95°C ©on page , on page
Ipper: Self refresh current; — ALL 19 19 19 19 19 mA
40—45°C ©On page , on page
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8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

Table 154: Ipp, lpp, and Ippq Current Limits; Die Rev. R (-40° < T¢ < 85°C) (Continued)

Symbol Width | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 | Unit

Ippea: Auto self refresh cur- ALL 8 8 8 8 8 mA

rent (25°C) on page

Ippea: Auto self refresh cur- ALL 19 19 19 19 19 mA

rent (45°C) on page

Ippea: Auto self refresh cur- ALL 29 29 29 29 29 mA

rent (75°C) on page

Ippea: Auto self refresh cur- ALL 52 52 52 52 52 mA

rent (95°C) on page

Ippex: Auto self refresh Ipp ALL 5 5 5 5 5 mA

current; —-40-95°C on page

Ipp7: Bank interleave read x4 154 169 186 200 215 mA

current x8 135 140 145 150 155 mA
x16 165 179 196 210 225 mA

Ipp7: Bank interleave read Ipp x4 13 13 13 13 13 mA

current X8 8 8 8 8 8 mA
x16 13 13 13 13 13 mA

Ippg: Maximum power-down | ALL 24 24 24 24 24 mA

current

Ippg: Maximum power-down | ALL TBD TBD TBD TBD TBD mA

current

Ippg: Maximum power-down ALL TBD TBD TBD TBD TBD mA

Ipp current

Notes:

Applicable for MR2 settings A7 = 0 and A6 = 0; Manual mode with normal tempera
range of operation (-40-85°C).

ture

Applicable for MR2 settings A7 = 1 and A6 = 0; Manual mode with extended tempera-

ture range of operation (-40-95°C).

Applicable for MR2 settings A7 = 0 and A6 = 1; Manual mode with reduced temperature

range of operation (-40-45°C).

Ippse: Ipper: @nd Ippga Values are verified by design and characterization, and may n
subject to production test.

When additive latency is enabled for Ippg, current changes by approximately +1%.
When additive latency is enabled for Ipp, current changes by approximately +5%.
When additive latency is enabled for Ipp;y, current changes by approximately 2%.
When DLL is disabled for Ipp,y, current changes by approximately +19%.

When CAL is enabled for Ipp,y, current changes by approximately —20%.

When gear-down is enabled for Ipp,y, current changes by approximately +2%.

. When CA parity is enabled for Ippn, current changes by approximately +10%.

When additive latency is enabled for Ippsn, current changes by approximately -2%.
When additive latency is enabled for Ippgr, current changes by approximately +4%.

. When read DBI is enabled for Ippgr, current changes by approximately —-14%

ot be

When additive latency is enabled for Ippgy, current changes by approximately +6%.

When write DBI is enabled for Ippgw, current changes by approximately +1%.

. When write CRC is enabled for Ippaw, current changes by approximately -5%.
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18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

8Gb: x8, x16 Automotive DDR4 SDRAM
Current Specifications - Limits

When CA parity is enabled for Ippgyw, current changes by approximately +14%.

When 2X REF is enabled for Ippsg, current changes by approximately 0%.

When 4X REF is enabled for Ippsg, current changes by approximately 0%.

When 2X REF is enabled for Ippsg, current changes by approximately 0%.

When 4X REF is enabled for lppsg, current changes by approximately 0%.

Ippo test and limit is applicable for Ippg and Ippy conditions.

Ipp3n test and limit is applicable for all Ippay, Ippsx Ibpax. @nd Ippg conditions; That is, test-
ing lpp3n should satisfy the lpps for the noted Ipp tests.

DDR4-1600 and DDR4-1866 use the same Ipp limits as DDR4-2133.

The Ipp values must be derated (increased) when operating between 85°C < T¢ < 95°C:

Iopos Ipp1, Ibpan «Ipp2p: Ipp2nT: IbD20r IDD3N: IDD3P, IDDAR: @Nd Ippaw, Must be derated by
+10%. Ippsg and lppsg Must be derated by +43%; lppg must be derated by +13%. Ipp3y
must be derated by +22%. lpp; must be derated by +3%. These values are verified by de-
sign and characterization, and may not be subject to production test.

|PP6x is applicable to IDD6N: IDDGE: IDDGRI and IDDGA conditions.
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Speed Bin Tables

Speed Bin Tables

DDR4 DRAM timing is primarily covered by two types of tables: the Speed Bin tables in
this section and the tables found in the Electrical Characteristics and AC Timing Param-
eters section. The timing parameter tables define the applicable timing specifications
based on the speed rating. The Speed Bin tables on the following pages list the ‘AA,
RCD, 'RP, 'RAS, and ‘RC limits of a given speed mark and are applicable to the CL set-
tings in the lower half of the table provided they are applied in the correct clock range,
which is noted.

Backward Compatibility

Although the speed bin tables list the slower data rates, '‘AA, CL, and CWL, it is difficult
to determine whether a faster speed bin supports all of the ‘AA, CL, and CWL combina-
tions across all the data rates of a slower speed bin. To assist in this process, please refer
to the Backward Compatibility table.
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Table 155: Backward Compatibility

Note 1 applies to the entire table.

"é c Speed Bin Supported

S

¥

€ o

8 % -125 | -125E | -107 | -107E | -093 | -093E |-083D | -083 | -083E |-075D | -075 | -075E |-068D | -068 | -068E | -062 | -062E | -062Y
-125 yes

-125E | yes? | vyes

-107 yes yes

-107E | yes? | yes | yes? | yes

-093 yes yes yes

-093E | yes? | yes | yes? | yes | yes? | vyes

-083D | yes yes yes yes

-083 yes yes yes yes yes

-083E | yes? | yes | yes? | yes | yes? | yes | yes? | yes? | yes

-075D | vyes yes yes yes yes

-075 yes yes yes yes yes yes yes

-075E yes yes yes yes yes yes yes yes yes yes yes

-068D | yes yes yes yes yes yes

-068 yes yes yes yes yes yes yes yes yes

-068E yes yes yes yes yes yes yes yes yes yes

-062 yes yes yes yes yes yes yes

-062E yes yes yes yes yes yes yes yes yes yes yes
-062Y | yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes
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&/'7 ICron 8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

1. The backward compatibility table is not meant to guarantee that any new device will be
a drop in replacement for an existing part number. Customers should review the operat-
ing conditions for any device to determine its suitability for use in their design.

2. This condition exceeds the JEDEC requirement in order to allow additional flexibility for
components. However, JEDEC SPD compliance may force modules to only support the JE-
DEC-defined value. Refer to the SPD documentation for further clarification.

Notes:
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Table 156: DDR4-1600 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-1600 Speed Bin -125E -125
CL-nRCD-nRP 11-11-11 12-12-12
Parameter Symbol Min Max Min Max Unit
Internal READ command to first data tAA 13.75 19.006 15.00 19.00° ns
(13.50)*
Internal READ command to first data with read DBI enabled tAA_DBI TAA TAA TAA TAA ns
(MIN) + | (MAX) + | (MIN) + | (MAX) +
2nCK 2nCK 2nCK 2nCK
ACTIVATE-to-internal READ or WRITE delay time RCD 13.75 - 15.00 - ns
(13.50)4
PRECHARGE command period RP 13.75 - 15.00 - ns
(13.50)*
ACTIVATE-to-PRECHARGE command period RAS 35 9 x 'REFI 35 9 x REFI ns
ACTIVATE-to-ACTIVATE or REFRESH command period fRC® RAS + - TRAS + - ns
tRP tRP
: t : - .
1333 - 13.50 9 11 9 tCK (AVG)| 1.500 1.9006 Reserved ns
- 15.00 10 12 tCK (AVG)| 1.500° 1.900° 1.500 | 1.9006 ns
1600 -125E 13.75 11 13 9, 11 tCK (AVG)| 1.250 <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
Supported CL settings 9, 106, 11-12 10, 12 nCK
Supported CL settings with read DBI 11, 125, 13-14 12,14 nCK
Supported CWL settings 9, 11 9, 11 nCK
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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 157: DDR4-1866 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-1866 Speed Bin -107E -107
CL-nRCD-nRP 13-13-13 14-14-14
Parameter Symbol Min Max Min Max Unit
Internal READ command to first data tAA 13.92 19.00° 15.00 19.00° ns
(13.50)4
Internal READ command to first data with read DBI enabled tAA_DBI [tAA (MIN) TAA tAA (MIN) TAA ns
+2nCK | (MAX) + | +2nCK | (MAX) +
2nCK 2nCK
ACTIVATE to internal READ or WRITE delay time tRCD 13.92 - 15.00 - ns
(13.50)4
PRECHARGE command period RP 13.92 - 15.00 - ns
(13.50)%
ACTIVATE-to-PRECHARGE command period tRAS 34 9 x REFI 34 9 x 'REFI | ns
ACTIVATE-to-ACTIVATE or REFRESH command period fRC® RAS + - RAS + - ns
RP RP
; t i N ] ]
1333 - 13.50 9 11 9 tCK (AVG) 1.500 1.9006 Reserved ns
- 15.00 10 12 tCK (AVG)| 1.500© 1.9006 1.500 | 1.9006 ns
1600 -125E 13.75 11 13 9, 11 tCK (AVG) 1.250 <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
1866 -107E 13.92 13 15 10, 12 |'CK (AVG) 1.071 <1.250 Reserved ns
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns
Supported CL settings 9, 106, 11-14 10, 12, 14 nCK
Supported CL settings with read DBI 11, 126, 13-16 12, 14, 16 nCK
Supported CWL settings 9-12 9-12 nCK
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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 158: DDR4-2133 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-2133 Speed Bin -093E -093
CL-nRCD-nRP 15-15-15 16-16-16
Parameter Symbol Min Max Min Max Unit
Internal READ command to first data tAA 14.06 19.00° 15.00 19.00° ns
(13.50)4
Internal READ command to first data with read DBI enabled tAA_DBI [tAA (MIN) TAA tAA (MIN) TAA ns
+3nCK | (MAX) + | +3nCK | (MAX) +
3nCK 3nCK
ACTIVATE to internal READ or WRITE delay time tRCD 14.06 - 15.00 - ns
(13.50)4
PRECHARGE command period RP 14.06 - 15.00 - ns
(13.50)%
ACTIVATE-to-PRECHARGE command period tRAS 33 9 x REFI 33 9 x 'REFI | ns
ACTIVATE-to-ACTIVATE or REFRESH command period fRC® RAS + - RAS + - ns
tRP tRP
; t ; . ] ]
1333 - 13.50 9 11 9 tCK (AVG) 1.500 1.9006 Reserved ns
- 15.00 10 12 tCK (AVG)| 1.500© 1.9006 1.500 | 1.9006 ns
1600 -125E 13.75 11 13 9, 11 tCK (AVG) 1.250 <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
1866 -107E 13.92 13 15 10, 12 |'CK (AVG) 1.071 <1.250 Reserved ns
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns
2133 -093E 14.06 15 18 11, 14 |'*CK (AVG) 0.937 <1.071 Reserved ns
-093 15.00 16 19 tCK (AVG) 0.937 | <1.071 ns
Supported CL settings 9, 10%, 11-16 10, 12, 14, 16 nCK
Supported CL settings with read DBI 11, 128, 13-16, 18-19 12, 14, 16, 19 nCK
Supported CWL settings 9,10, 11, 12, 14 9,10, 11, 12, 14 nCK
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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 159: DDR4-2400 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-2400 Speed Bin -083E -083 -083D
CL-nRCD-nRP 16-16-16 17-17-17 18-18-18
Parameter Symbol | Min Max Min Max Min Max | Unit
Internal READ command to first data tAA 13.32 | 19.00% | 14.16 | 19.00% | 15.00 | 19.00° | ns
(13.75)4
Internal READ command to first data with read DBI enabled AA_DBI | tAA TAA TAA TAA TAA TAA ns
(MIN) + | (MAX) + | (MIN) + [ (MAX) + | (MIN) + | (MAX) +
3nCK 3nCK 3nCK 3nCK 3nCK 3nCK
ACTIVATE to internal READ or WRITE delay time fRCD 13.32 - 14.16 - 15.00 19.00 ns
(13.75)4
PRECHARGE command period RP 13.32 - 14.16 - 15.00 19.00 ns
(13.75)4
ACTIVATE-to-PRECHARGE command period tRAS 32 9 x 'REFI 32 9 x 'REFI 32 9 x 'REFI| ns
ACTIVATE-to-ACTIVATE or REFRESH command period RC? RAS + - RAS + - RAS + - ns
RP RP RP
. tAAmin READ READ
n'::;a(:n‘j‘rt:) ';::Z:';;t (ns): cL: CL: VZ""\"[E Symbol | Min | Max | Min | Max | Min | Max |Unit
non-DBI non-DBI DBI
1333 - 13.50 9 11 9 tCK (AVG)| 1.500 1.9006 Reserved Reserved ns
- 15.00 10 12 tCK (AVG)| 1.500% | 1.900% | 1.500 | 1.900® | 1.500 | 1.9006 ns
1600 -125E 13.75 11 13 9,11 [*CK (AVG)| 1.250 | <1.500 | 1.250 | <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
1866 -107E 13.92 13 15 10, 12 |'*CK (AVG)| 1.071 <1.250 1.071 <1.250 Reserved ns
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns
2133 -093E 14.06 15 18 11, 14 |*CK (AVG)| 0.937 | <1.071 0.937 | <1.071 Reserved ns
-093 15.00 16 19 tCK (AVG) 0.937 | <1.071 ns
2400 -083E 13.32 16 19 12, 16 |CK (AVG)| 0.833 | <0.937 Reserved Reserved ns
-083 14.16 17 20 tCK (AVG) 0.833 | <0.937 ns
-083D 15.00 18 21 tCK (AVG) 0.833 | <0.937 | ns
Supported CL settings 9, 106, 11-18 10-18 10, 12, 14, 16, 18 | nCK
Supported CL settings with read DBI 11, 126, 13-16, 12-16, 18-21 12, 14, 16, 19, 21 | nCK
18-21
Supported CWL settings 9-12, 14, 16 9-12, 14, 16 9-12, 14, 16 nCK
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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 160: DDR4-2666 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-2666 Speed Bin -075E -075 -075D
CL-nRCD-nRP 18-18-18 19-19-19 20-20-20
Parameter Symbol | Min Max Min Max Min Max | Unit
Internal READ command to first data tAA 13.50 19.006 14.254 19.006 15.00 19.006 ns
(13.75)
Internal READ command to first data with read DBI enabled tAA tAA tAA tAA tAA tAA
tAA_DBI | (MIN) + | (MAX) + | (MIN) + | (MAX) + | (MIN) + | (MAX) +| ns
3nCK 3nCK 3nCK 3nCK 3nCK 3nCK
ACTIVATE to internal READ or WRITE delay time tRCD 13.50 _ 14.254 _ 15.00 _ ns
(13.75)
PRECHARGE command period t 14.25
RP 13.50 - (13.75)4 - 15.00 - ns
ACTIVATE-to-PRECHARGE command period tRAS 32 9 x 'REFI 32 9 x 'REFI 32 9 x 'REFI| ns
ACTIVATE-to-ACTIVATE or REFRESH command period tRCS RAS + ~ RAS + B RAS + _ ns
RP RP RP
. tAAmin READ READ
n'::;a(:n‘j‘rt:) ';q:"‘!’:';;t (ns): cL: CL: VZ""\"[E Symbol | Min | Max | Min | Max | Min | Max |Unit
P non-DBI | non-DBI | DBI
1333 - 13.50 9 11 tCK (AVG) Reserved Reserved ns
9 1.500 | 1.9006
- 15.00 10 12 tCK (AVG) 1.500 | 1.9006 | 1.500 | 1.900° | ns
1600 -125E 13.75 11 13 tCK (AVG) Reserved ns
9,11 1.250 <1.500 1.250 <1.500
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
1866 -107E 13.92 13 15 tCK (AVG) Reserved ns
10, 12 1.071 <1.250 1.071 <1.250
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns
2133 -093E 14.06 15 18 tCK (AVG) Reserved ns
11,14 0.937 <1.071 0.937 <1.071
-093 15.00 16 19 tCK (AVG) 0.937 | <1.071 ns
2400 -083E 13.32 16 19 tCK (AVG) Reserved Reserved ns
Reserved
-083 14.16 17 20 12, 16 |'CK (AVG) ns
0.833 <0.937 0.833 <0.937
-083D 15.00 18 21 tCK (AVG) 0.833 | <0.937 ns
2666 -075E 13.50 18 21 tCK (AVG) Reserved ns
Reserved
-075 14.25 19 22 14, 18 |'CK (AVG)| 0.750 | <0.833 ns
0.750 | <0.833
-075D 15.00 20 23 tCK (AVG) 0.750 | <0.833 ns
Supported CL settings 9-20 10-20 10, 12, 14, 16, 18, | nCK
20

@UOJDIW

INVHAS Y4aa aAnowolny 9Lx ‘gx :qog

sa|qe] uig paads



6L70L-8LEPZLI07L-ALNDD

N3 1202/20 [ A2y - 4pd-we.p yipp oine qbg

LSE

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

*panIasal sybu ||y -du] ‘ABojouyda) UODI 9L0Z O

Table 160: DDR4-2666 Speed Bins and Operating Conditions (Continued)

Notes 1-3 apply to the entire table

DDR4-2666 Speed Bin -075E -075 -075D

CL-nRCD-nRP 18-18-18 19-19-19 20-20-20

Parameter Min Max Min Max Min Max | Unit

Supported CL settings with read DBI 11-16, 18-23 12-16, 18-23 12, 14, 16, 19, 21, | nCK
23

Supported CWL settings 9-12, 14, 16, 18 9-12, 14, 16, 18 9-12, 14, 16, 18 | nCK
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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 161: DDR4-2933 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

@UOJDIW

DDR4-2933 Speed Bin -068E -068 -068D
CL-nRCD-nRP 20-20-20 21-21-21 22-22-22
Parameter Symbol | Min Max Min Max Min Max | Unit
Internal READ command to first data tAA 13.64 | 19.00% | 14.32 | 19.00% | 15.00 | 19.00° | ns
(13.75)4
Internal READ command to first data with read DBI enabled AA_DBI | tAA TAA TAA TAA TAA TAA ns
(MIN) + | (MAX) + | (MIN) + | (MAX) + [ (MIN) + | (MAX) +
4nCK 4nCK 4nCK 4nCK 4nCK 4nCK
ACTIVATE-to-internal READ or WRITE delay time fRCD 13.64 - 14.32 - 15.00 - ns
(13.75)4
PRECHARGE command period RP 13.64 - 14.32 - 15.00 - ns
(13.75)4
ACTIVATE-to-PRECHARGE command period tRAS 32 9 x 'REFI 32 9 x 'REFI 32 9 x 'REFI| ns
ACTIVATE-to-ACTIVATE or REFRESH command period RC? RAS + - RAS + - RAS + - ns
'RP ‘RP tRP
. . READ READ
n'::;a(:n‘j‘rt:) ';::Z:';;t tA:;:'_';(;f): CL: CL: VZ""\',T_E Symbol | Min | Max | Min | Max | Min | Max |Unit
non-DBI DBI
1333 - 13.50 9 11 9 tCK (AVG) Reserved Reserved Reserved ns
- 15.00 10 12 YCK (AVG)| 1.500 | 1.900% | 1.500 | 1.900® | 1.500 | 1.900° | ns
1600 -125E 13.75 11 13 9,11 |*CK (AVG)| 1.250 | <1.500 | 1.250 | <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns
1866 -107E 13.92 13 15 10, 12 |'*CK (AVG)| 1.071 <1.250 1.071 <1.250 Reserved ns
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns
2133 -093E 14.06 15 18 11, 14 |*CK (AVG)| 0.937 | <1.071 0.937 | <1.071 Reserved ns
-093 15.00 16 19 tCK (AVG) 0.937 | <1.071 ns
2400 -083E 13.32 16 19 12, 16 |'CK (AVG) Reserved Reserved Reserved ns
-083 14.16 17 20 tCK (AVG)| 0.833 | <0.937 | 0.833 | <0.937 ns
083D 15.00 18 21 tCK (AVG) 0.833 | <0.937 ns
2666 -075E 13.50 18 21 14, 18 |'CK (AVG) Reserved Reserved Reserved ns
-075 14.25 19 22 tCK (AVG)| 0.750 | <0.833 | 0.750 | <0.833 ns
-075D 15.00 20 23 tCK (AVG) 0.750 | <0.833 | ns
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Table 161: DDR4-2933 Speed Bins and Operating Conditions (Continued)

Notes 1-3 apply to the entire table

DDR4-2933 Speed Bin -068E -068 -068D
CL-nRCD-nRP 20-20-20 21-21-21 22-22-22
Parameter Symbol | Min Max Min Max Min | Max | Unit
2933 -068E 13.64 20 24 16, 20 |'CK (AVG)| 0.682 | <0.750 Reserved Reserved ns
-068 14.32 21 25 tCK (AVG) 0.682 | <0.750 ns
-068D 15.00 22 26 tCK (AVG) 0.682 | <0.750 | ns
- 16.37 24 28 tCK (AVG) Reserved Reserved Reserved ns
Supported CL settings 10-22 10-22 10, 12, 14, 16, 18, | nCK
20, 22
Supported CL settings with read DBI 12-16, 18-26 12-16,18-23, 12, 14, 16, 19, 21, | nCK
25-26 23, 26
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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Notes:

—_

8Gb: x8, x16 Automotive DDR4 SDRAM
Speed Bin Tables

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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.
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Table 162: DDR4-3200 Speed Bins and Operating Conditions

Notes 1-3 apply to the entire table

DDR4-3200 Speed Bin -062Y¢ -062E -062

CL-nRCD-nRP 22-22-22 22-22-22 24-24-24

Parameter Symbol Min Max Min Max Min Max | Unit

Internal READ command to first data tAA 13.75 | 19.00% | 13.75 | 19.00° | 15.00 | 19.00° | ns
(13.32)4

Internal READ command to first data with read DBI enabled tAA_DBI TAA TAA TAA TAA TAA TAA ns

(MIN) + | (MAX) + | (MIN) + | (MAX) + | (MIN) + | (MAX) +
4nCK 4nCK 4nCK 4nCK 4nCK 4nCK

@UOJDIW

ACTIVATE-to-internal READ or WRITE delay time tRCD 13.75 - 13.75 - 15.00 - ns
(13.32)4
PRECHARGE command period RP 13.75 - 13.75 - 15.00 - ns
(13.32)4
ACTIVATE-to-PRECHARGE command period tRAS 32 9 x 'REFI 32 9 x 'REFI 32 9 x 'REFI| ns
ACTIVATE-to-ACTIVATE or REFRESH command period fRC® RAS + - RAS + - RAS + - ns
RP RP RP
. tAAmin READ READ
nll)lz)t(a(:n?rt/:) ';::2’:';:: (ns): cL: cL: vg',[E Symbol | Min | Max | Min | Max | Min | Max |Unit
non-DBI non-DBI DBI

1333 - 13.50 9 11 9 tCK (AVG) | 1.500 1.9006 Reserved Reserved ns

- 15.00 10 12 tCK (AVG) 1.500 | 1.900% | 1.500 | 1.900° | ns

1600 -125E 13.75 11 13 9,11 |*CK (AVG) | 1.250 | <1.500 | 1.250 | <1.500 Reserved ns
-125 15.00 12 14 tCK (AVG) 1.250 | <1.500 ns

1866 -107E 13.92 13 15 10, 12 | *CK (AVG) | 1.071 <1.250 1.071 <1.250 Reserved ns
-107 15.00 14 16 tCK (AVG) 1.071 | <1.250 ns

2133 -093E 14.06 15 18 11,14 | *CK (AVG) | 0.937 | <1.071 0.937 | <1.071 Reserved ns
-093 15.00 16 19 tCK (AVG) 0.937 | <1.071 ns

2400 -083E 13.32 16 19 12, 16 | *CK (AVG) | 0.833 | <0.937 Reserved Reserved ns
-083 14.16 17 20 tCK (AVG) 0.833 | <0.937 ns

-083D 15.00 18 21 tCK (AVG) 0.833 | <0.937 ns

2666 -075E 13.50 18 21 14, 18 | 'CK (AVG) | 0.750 | <0.833 Reserved Reserved ns
-075 14.25 19 22 tCK (AVG) 0.750 | <0.833 ns

-075D 15.00 20 23 tCK (AVG) 0.750 | <0.833 | ns
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Table 162: DDR4-3200 Speed Bins and Operating Conditions (Continued)

Notes 1-3 apply to the entire table

DDR4-3200 Speed Bin -062Y6 -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 | 0.682 | <0.750 ns
-068D 15.00 22 26 tCK (AVG) 0.682 | <0.750 | 0.682 | <0.750 | 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, 12-16, 18-23, 12, 14, 16, 19, 21, | nCK
25-26, 28 25-26, 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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Notes:

8Gb: x8, x16 Automotive 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 the programmed value of
CL.

4. This value applies to non-native '*CK-CL-nRCD-nRP combinations.

When calculating 'RC in clocks, values may not be used in a combination that violate
tRAS or RP.

This value exceeds the JEDEC requirement in order to allow additional flexibility, espe-
cially for components. However, JEDEC SPD compliance may force modules to only sup-
port the JEDEC defined value, please refer to the SPD documentation.

Refresh Parameters By Device Density

Table 163: Refresh Parameters by Device Density

Parameter Symbol 2Gb 4Gb 8Gb 16Gb Unit | Notes
REF command to ACT or REF tRFC (All bank groups) 160 260 350 550 ns
command time
Average periodic refresh inter- tREFI —40°C < Tc < 85°C 7.8 7.8 7.8 3.9 ps
val 85°C<Tc<95°C | 3.9 3.9 3.9 1.95 us 1

95°C < T = 105°C 1.95 1.95 1.95 0.975 ps

105°C< Tc < 0.975 0.975 0.975 0.4875 ps 1
125°C

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.
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Electrical Characteristics and AC Timing Parameters: DDR4-1600 Through DDR4-2400

Table 164: Electrical Characteristics and AC Timing Parameters

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 3,13
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 17,18

Deterministic YlTper_d;j =31 31 =27 27 -23 23 =21 21 ps 17

DLL locking YiTper,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
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Table 164: Electrical Characteristics and AC Timing Parameters (Continued)

tQH - 'DQSQ each device's output per Ul

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
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 22
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 PDA_H minimum of 0.5Ul ul 22
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 164: Electrical Characteristics and AC Timing Parameters (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*CK preamble
DQS_t, DQS_c rising edge to CK_t, CK_c 'DQSS,ck -0.50 | 0.50 | -0.50 0.50 | -0.50 | 0.50 | -0.50 | 0.50 CK
rising edge for 2'CK preamble
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*CK preamble
DQS_t, DQS_c differential WRITE pream- WVPRE ¢ 1.8 - 1.8 - 1.8 - 1.8 - CK
ble for 2tCK preamble
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 164: Electrical Characteristics and AC Timing Parameters (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 20
ble for 1*CK preamble
DQS_t, DQS_c differential READ pream- tRPRE,k 1.8 - 1.8 - 1.8 - 1.8 - CK 20
ble for 2tCK preamble
DQS_t, DQS_c differential READ postam- TRPST 0.33 - 0.33 - 0.33 - 0.33 - CK 21
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- Ty .\ 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- |y oo YHyRer 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 12
od
ACTIVATE-to-ACTIVATE or REF command RC See Speed Bin Tables for tRC ns 12
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
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Table 164: Electrical Characteristics and AC Timing Parameters (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 1,59
"WR, MIN = 1CK + 'WR CcK 1,5,10
WRITE recovery time when CRC and DM YWR_CRC_DM MIN = "WR + MIN = 'WR + greater of (5CK or 3.75ns) CK 1,6,9
are both enabled greater of (4CK
or 3.75ns)

YWR_CRC_DM, MIN = 1CK + 'WR_CRC_DM CK 1,6, 10
Delay from start of internal WRITE trans- WTR_L MIN = greater of 4CK or 7.5ns CK 1,5,9
action to internal READ command — Same \WTR_L, MIN = 1CK + 'WTR_L cK 1,5, 10
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 1,6,9
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 CK [1,6,10

M
Delay from start of internal WRITE trans- YWTR_S MIN = greater of (2CK or 2.5ns) CK 1,5, 7,
action to internal READ command - Dif- 8,9
ferent bank group YWTR_S, MIN = 1CK + 'WTR_S cK | 1,57,
8,10
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Table 164: Electrical Characteristics and AC Timing Parameters (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
Delay from start of internal WRITE trans- | "WTR_S_CRC_D | MIN = 'WTR_S + MIN = 'WTR_S + greater of (5CK or 3.75ns) CK 1,6, 7,
action to internal READ command - Dif- M greater of (4CK 8,9
ferent bank group when CRC and DM are or 3.75ns)
both enabled 'WTR_S_CRC_D MIN = 1CK + 'WTR_S_CRC_DM K | 1,67
M, 8,10

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 14
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 + ROUND'RP/'CK (AVG); MAX = N/A CK 8
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 6 10 CK
W
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Table 164: Electrical Characteristics and AC Timing Parameters (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 19
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 | tXMP-1 12 | ™XMP-1 12 | T™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
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Table 164: Electrical Characteristics and AC Timing Parameters (Continued)

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

@UO.IZ)IZ;))V

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

11 DV pue sdisiajdeleyd [ed1i3d9]3

197

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 PW_RESET_S 1.0 - 1.0 - 1.0 - 1.0 - us
RESET_L pulse low at power-up tPW_RESET_L 200 - 200 - 200 - 200 - us
Begin power supply ramp to power sup- tYDDPR MIN = N/A; MAX = 200 ms
plies stable
RESET_n LOW to power supplies stable tRPS MIN = 0; MAX =0 ns
Refresh Timing
REFRESH-to-ACTIVATE tRFC1 MIN = 260 ns 1, 11
or REFRESH command 4Gb 'RFC2 MIN = 160 ns 1, 11
period (all bank tRFC4 MIN = 110 ns 1, 11
groups)
tRFC1 MIN = 350 ns 1, 1
8Gb tRFC2 MIN = 260 ns 1, 1
RFC4 MIN = 160 ns 1, 11
tRFC1 MIN = 350 ns 1, 1
16Gb tRFC2 MIN = 260 ns 1, 11
tRFC4 MIN = 160 ns 1, 1
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Table 164: Electrical Characteristics and AC Timing Parameters (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
Average periodic re- -40°C < Tc < 85°C tREFI MIN = N/A; MAX =7.8 us 11
fresh interval 85°C < Tc < 95°C tREFI MIN = N/A; MAX = 3.9 ps 11

95°C< Tc < tREFI MIN = N/A; MAX = 1.95 us 11

105°C

105°C< Tc < tREFI MIN = N/A; MAX = 0.975 ps 11

125°C

Self Refresh Timing
Exit self refresh to commands not requir-
ing a locked DLL XS MIN = *RFC + 10ns ns 1
Exit self refresh to commands not requir- tXS_ABORT MIN = tRFC4 + 10ns
ing 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 XSDLL MIN = 'DLLK (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 CcK 1
entry or power-down when CA parity is
enabled
Valid clocks before self refresh exit (SRX) tCKSRX MIN = greater of (5CK, 10ns) CK 1
or power-down exit (PDX), or reset exit
Power-Down Timing

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 CcK 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
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Table 164: Electrical Characteristics and AC Timing Parameters (Continued)

(DLL off)

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Min | Max Min | Max Min | Max Min Max Unit
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 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 tTANPD + t™XSDLL CK
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 - CK
to power-down entry
REFRESH command to power-down entry tREFPDEN 1 - 1 - 2 - 2 - CK
MRS command to power-down entry YMRSPDEN 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/ACK (AVG) CK
(BL8OTF, BL8MRS, BC4OTF)
WRITE command to power-down entry Y"WRPBC4DEN 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 CcK
Direct ODT turn-off latency DODTLoff WL-2=CWL+AL+PL-2 CK
Rrt dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 CK
Asynchronous Rrryom) turn-on delay TAONAS 1 9 1 9 1 9 1 9 ns
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Table 164: Electrical Characteristics and AC Timing Parameters (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
Asynchronous Rrrnom) turn-off delay tAQFAS 1 9 1 9 1 9 1 9 ns
(DLL off)
ODT HIGH time with WRITE command ODTHS 1tCK 6 - 6 - 6 - 6 - CK
and BL8 ODTH8 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 - CK
leveling mode is programmed
DQS_t, DQS_c delay after write leveling "WLDQSEN 25 - 25 - 25 - 25 - CcK
mode is programmed
Write leveling setup from rising CK_t, tWLS 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, tWLH 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 ™PR_GEAR N/A N/A N/A N/A CK
gear-down
CKE HIGH assert to gear-down enable XS_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 {CMD_GEAR N/A N/A N/A N/A CK
Gear-down setup time tGEAR_setup N/A - N/A - N/A - N/A - CK
Gear-down hold time *GEAR_hold N/A - N/A - N/A - N/A - CcK
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8Gb: x8, x16 Automotive DDR4 SDRAM
Electrical Characteristics and AC Timing Parameters:
DDR4-1600 Through DDR4-2400

. Maximum limit not applicable.

Micron 'DLLK values support the legacy JEDEC 'DLLK specifications.

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:

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

e 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] = ROUND{tPARAM [ns]/tCK
(AVG) [ns]} according to the rounding algorithms found in the Converting Time-Based
Specifications to Clock-Based Requirements section, in clock cycles, assuming all input
clock jitter specifications are satisfied.

. When operating in 1'CK WRITE preamble mode.
10.
11.

When operating in 21CK 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 'CK (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 tDQSCK (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 V1 = Vppgq.

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 *CAL 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 2'CK 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-1406124318-10419
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Electrical Characteristics and AC Timing Parameters: DDR4-2666 Through 3200

Table 165: Electrical Characteristics and AC Timing Parameters

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 3,13
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 17,18

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

DLL locking YiTper,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 165: 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 22
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 PDA_H minimum of 0.5Ul ul 22
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 - 0.20 Ul
access
DQ output hold time from DQS_t, DQS_c tQH 0.74 - 0.72 - 0.70 - 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 165: Electrical Characteristics and AC Timing Parameters (Continued)

6L70L-8LEPZLI07L-ALNDD

N3 1202/20 [ A2y - 4pd-we.p yipp oine qbg

6LE

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 165: 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 20
ble for 1*tCKpreamble
DQS_t, DQS_c differential READ pream- tRPRE,k 1.8 - 1.8 - 1.8 - CK 20
ble for 2tCKpreamble
DQS_t, DQS_c differential READ postam- tRPST 0.33 - 0.33 - 0.33 - CK 21
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 - 340 - 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 12
od
ACTIVATE-to-ACTIVATE or REF command RC See Speed Bin Tables for tRC ns 12
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
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Table 165: 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
ACTIVATE-to-ACTIVATE command period tRRD_L MIN = greater | MIN = greater | MIN = greater CK 1
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 1
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 'RRD_L MIN = greater | MIN = greater | MIN = greater CK 1
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 1,59

“WR, MIN = 1CK + 'WR CK 1,5, 10
WRITE recovery time when CRC and DM YWR_CRC_DM MIN = 'WR + greater of (5CK or 3.75ns) CK 1,6,9
are both enabled
WRITE recovery time when CRC and DM | 'WR_CRC_DM, MIN = 1CK + 'WR_CRC_DM CK 1,6, 10
are both enabled
Delay from start of internal WRITE trans- WTR_L MIN = greater of 4CK or 7.5ns CK 1,5,9
action to internal READ command — Same \WTR_L, MIN = 1CK + 'WTR_L cK 1,5, 10
bank group
Delay from start of internal WRITE trans- | '‘WTR_L_CRC_D MIN = 'WTR_L + greater of (5CK or 3.75ns) CK 1,6,9
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 CK 1’ 6, 10
enabled M,
Delay from start of internal WRITE trans- YWTR_S MIN = greater of (2CK or 2.5ns) CK 1,5, 7,
action to internal READ command - Dif- 8,9
ferent bank group YWTR_S, MIN = 1CK + 'WTR_S cK | 1,57,

8,10

Delay from start of internal WRITE trans- | 'WTR_S_CRC_D MIN = *WTR_S + greater of (5CK or 3.75ns) CK 1,6, 7,
action to internal READ command - Dif- M 8,9
ferent bank group when CRC and DM are tWTR_S_CRC_D MIN = 1CK + tWTR_S_CRC_DM CK 1,6,7,
both enabled M, 8, 10
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Table 165: 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 14
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 + ROUND'RP/CK (AVG); MAX = N/A CK 8
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 CcK
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 165: 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 CcK
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 19
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 = YS (MIN) + Y1H (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 165: 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
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

11 DV pue sdipsiajdeleyd [ed13d9]3

197

Exit reset from CKE HIGH to a valid com- PR MIN = tRFC1 + 10ns ns 1
mand
RESET_L pulse low after power stable tPW_RESET_S 1.0 - 1.0 - 1.0 - us
RESET_L pulse low at power-up tPW_RESET_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 RPS MIN = 0; MAX =0 ns
Refresh Timing
REFRESH-to-ACTIVATE tRFC1 MIN = 260 ns 1, 1
or REFRESH command 4Gb tRFC2 MIN = 160 ns 1, 11
period (all bank tRFC4 MIN = 110 ns 1,11
groups)
tRFC1 MIN = 350 ns 1, 11
8Gb tRFC2 MIN = 260 ns 1, 1
RFC4 MIN = 160 ns 1, 11
RFC1 MIN = 350 ns 1, 1
16Gb tRFC2 MIN = 260 ns 1, 1
RFC4 MIN = 160 ns 1, 11
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Table 165: 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
Average periodic re- -40°C < Tc < 85°C tREFI MIN = N/A; MAX =7.8 us 11
fresh interval 85°C < Tc < 95°C tREFI MIN = N/A; MAX = 3.9 ps 11

95°C< Tc < tREFI MIN = N/A; MAX = 1.95 us 11

105°C

105°C< Tc < tREFI MIN = N/A; MAX = 0.975 ps 11

125°C

Self Refresh Timing
Exit self refresh to commands not requir- %S
ing a locked DLL MIN = tRFC1 + 10ns ns 1
et | o sgom . |
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 XSDLL MIN = 'DLLK (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 = *CKE (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 CcK 1
entry or power-down when CA parity is
enabled
Valid clocks before self refresh exit (SRX) tCKSRX MIN = greater of (5CK, 10ns) CK 1
or power-down exit (PDX), or reset exit
Power-Down Timing

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- IXP _PAR MIN = (greater of 4CK or 6ns) + PL CK 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
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Table 165: Electrical Characteristics and AC Timing Parameters (Continued)

(DLL off)

DDR4-2666 DDR4-2933 DDR4-3200 Reserved
Parameter Symbol Min Max Min Max Min Max Min Max | Unit | Notes
Command pass disable delay tCPDED 4 - 4 - 4 - CcK
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 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 2 - 2 - 2 - CK
try
PRECHARGE/PRECHARGE ALL command 'PRPDEN 2 - 2 - 2 - CcK
to power-down entry
REFRESH command to power-down entry tREFPDEN 2 - 2 - 2 - CK
MRS command to power-down entry tMRSPDEN MIN = tMOD (MIN) CcK 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) CcK 1
(BL8OTF, BLSMRS, BC4AOTF)
WRITE command to power-down entry YWRPBC4DEN MIN = WL + 2 + '"WR/ACK (AVG) CK 1
(BC4AMRS)
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
power-down entry (BCAMRS)
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
Rtt dynamic change skew tADC 0.28 0.72 0.26 0.74 0.26 0.74 CK
Asynchronous Rrrnom) turn-on delay tAONAS 1 9 1 9 1 9 ns
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Table 165: 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
Asynchronous Rrrnom) turn-off delay tAQFAS 1 9 1 9 1 9 ns
(DLL off)
ODT HIGH time with WRITE command ODTHS 1tCK 6 - 6 - 6 - CK
and BL8 ODTH8 2tCK 7 - 7 - 7 -
ODT HIGH time without WRITE command | ODTH4 1tCK 4 - 4 - 4 - CK
or with WRITE command and BC4 ODTH4 2tcK 5 - 5 — 5 -

Write Leveling Timing
First DQS_t, DQS_c rising edge after write “WLMRD 40 - 40 - 40 - CK
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, tWLS 0.13 - 0.13 - 0.13 - CK
CK_c crossing to rising DQS_t, DQS_c
crossing
Write leveling hold from rising DQS_t, YWLH 0.13 - 0.13 - 0.13 - CK
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 YWLOE 0 2 0 2 0 2 ns

Gear-Down Timing

Exit reset from CKE HIGH to a valid MRS ™PR_GEAR PR PR PR CK
gear-down
CKE HIGH assert to gear-down enable XS_GEAR %S %S XS CcK
time)
MRS command to sync pulse time 'SYNC_GEAR TMOD + 4CK TMOD + 4CK TMOD + 4CK CK
Sync pulse to first valid command {CMD_GEAR tMOD tMOD tMOD CcK
Gear-down setup time tGEAR_setup 2CK - 2CK - 2CK - CK
Gear-down hold time *GEAR_hold 2CK - 2CK - 2CK - CcK
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ﬂ ICIrOIN Converting Time-Based Specifications to Clock-Based Require-

Notes:

wN

N o v s

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

—_

ments

Maximum limit not applicable.

Micron 'DLLK values support the legacy JEDEC 'DLLK specifications.

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:

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

e 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] = ROUND{tPARAM [ns]/tCK
(AVG) [ns]} according to the rounding algorithms found in the Converting Time-Based
Specifications to Clock-Based Requirements section, in clock cycles, assuming all input
clock jitter specifications are satisfied.

. When operating in 1'CK WRITE preamble mode.
10.
11.

When operating in 21CK 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 'CK (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 tDQSCK (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 V1 = Vppgq.

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 *CAL 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 2'CK 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.

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

ments

memory clock with a nominal frequency of 933.33...3 MHz which yields a clock period
of 1.071428571429...ns. It is unrealistic to represent all digits after the decimal point ex-
actly 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, 1.071428571429...ns is stated as 1071ps. Parameters such
as '"AA MIN are specified in units of time (nanoseconds) and require mathematical com-
putation to convert to system clocks (nCK). Rules for rounding allow optimization of
device performance without violating device parameters. These SPD algorithms rely on
results that are within nCK adjustment factors on device testing and specification to
avoid losing performance due to rounding errors when using SPD-based parameters.
Note that JEDEC also defines an nCK adjustment factor, but mandates the inverse nCK
adjustment factor be used in case of conflicting results, so only the inverse nCK adjust-
ment factor is discussed here.

Guidance converting SPD associated timing parameters to system clock requirements:

* Round the application clock period up to the nearest picosecond.

 Express the timing specification and application clock period in picoseconds; scaling
a nanosecond-based parameter value by 1000 allows programmers to use integer
math instead of real math by expressing timing in ps.

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

e Add an inverse nCK adjustment factor of 97.4%.
e Truncate down to the next lower integer value.
e nCK = Truncate[(parameter in ps)/(application 'CK in ps) + (974/1000)].

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

 Divide the time base specification (in ns) and divided by the clock period (in ns).
e The resultant is set to the next higher integer number of clocks.
¢ nCK = Ceiling[(parameter in ns/application ‘CK in ns)].
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Options Tables

Options Tables

Table 166: 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
MBIST-PPR MBIST-PPR Yes Yes Yes Yes Yes Yes Yes
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Options Tables

Table 167: 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 Yes
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
MBIST-PPR MBIST-PPR JEDEC optional
Micron supports Die Revision R only (all configurations)

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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