Aicron

4Gb: x4, x8, x16 DDR4 SDRAM

Features
MT40A1G4
MT40A512M8
MT40A256M16
Features Options' Marking
* Configuration
° VDD :VDDQ =1.2V +60mV -1 Glg x4 1G4
° Vpp =2.5V,-125mV/+250mV - 512 Meg X8 512M8
* On-die, internal, adjustable Vygrpq generation — 256 Megx 16 256M162
* 1.2Vpseudo open-dra:n /o * FBGA package (Pb-free) — x4, x8
* Tc maximum up to 95°C — 78-ball (9mm x 11.5mm) - Rev. A HX
— 64ms, 8192-cycle refresh up to 85°C — 78-ball (9mm x 10.5mm) — Rev. B RH
— 32ms, 8192-cycle refresh at >85°C to 95°C — 78-ball (8mm x 12.Inm) _Rev. E WE
* 16 internal banks (x4, x8): 4 groups of 4 banks each _ 78-ball (7.5mm x 11mm) — Rev. F SA
* 8 internal banks (x16): 2 groups of 4 banks each « FBGA package (Pb-free) — x16
* 8n-bit prefetch architecture — 96-ball (9mm x 14mm) — Rev. A HA
* Programmable data strobe preambles — 96-ball (9mm x 14mm) — Rev. B GE
* Data strobe preamble training — 96-ball (7.5mm x 13.5mm) — Rev. E, F LY
e Command/Address latency (CAL) « Timing - cycle time
e Multipurpose register READ and WRITE capability — 0.625ns @ CL = 22 (DDR4-3200) _062E
* Write leveling ~ 0.682ns @ CL = 20 (DDR4-2933) -068E
* Self refresh mode ~ 0.682ns @ CL =21 (DDR4-2933) -068
* Low-power auto self refresh (LPASR) — 0.750ns @ CL = 18 (DDR4-2666) _075E
* Temperature controlled refresh (TCR) — 0.750ns @ CL = 19 (DDR4-2666) -075
* Fine granularity refresh ~ 0.833ns @ CL = 16 (DDR4-2400) -083E
* Selfrefreshabort ~ 0.833ns @ CL = 17 (DDR4-2400) -083
* Maximum power saving ~ 0.937ns @ CL = 15 (DDR4-2133) -093E
* Output driver calibration ~ 0.937ns @ CL = 16 (DDR4-2133) -093
e Nominal, park, and dynamic on-die termination — 1.071ns @ CL = 13 (DDR4-1866) _107E
(ODT) . . ¢ Operating temperature
* Data bus inversion (DBI) for data bus _ Commercial (0° < T < 95°C) None
e Command/Address (CA) parlty — Industrial (_400 < TC < 950(:) IT
* Databus write cyclic redundancy check (CRC) _ Revision A
e Per-DRAM addressability B
¢ Connectivity test ‘E
* sPPR and hPPR capability -F
o

JEDEC JESD-79-4 compliant

Notes: 1. Not all options listed can be combined to
define an offered product. Use the part
catalog search on http://www.micron.com

for available offerings.
2. Not available on Rev. A.

3. Restricted and limited availability.
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4Gb: x4, x8, x16 DDR4 SDRAM

Aicron

Features
Table 1: Key Timing Parameters
Speed Grade' Data Rate (MT/s) Target tRCD-'RP-CL tRCD (ns) tRP (ns) CL (ns)
-062Y 3200 22-22-22 13.75(13.32) 13.75 (13.32) 13.75 (13.32)
-062E 3200 22-22-22 13.75 13.75 13.75
-068 2933 21-21-21 14.32 (13.75) 14.32 (13.75) 14.32 (13.75)
-075E 2666 18-18-18 13.50 13.50 13.50
-075 2666 19-19-19 14.25 14.25 14.25
-083E 2400 16-16-16 13.32 13.32 13.32
-083 2400 17-17-17 14.16 (13.75) 14.16 (13.75) 14.16 (13.75)
-093E 2133 15-15-15 14.06 (13.50) 14.06 (13.50) 14.06 (13.50)
-093 2133 16-16-16 15.00 15.00 15.00
-107E 1866 13-13-13 13.92 (13.50) 13.92 (13.50) 13.92 (13.50)

Note: 1. Refer to the Speed Bin Tables for additional details.

Table 2: Addressing

Parameter 1024 Meg x 4 512 Meg x 8 256 Meg x 16
Number of bank groups 4 4 2

Bank group address BG[1:0] BG[1:0] BGO
Bank count per group 4 4 4

Bank address in bank group BA[1:0] BA[1:0] BA[1:0]
Row addressing 64K (A[15:0]) 32K (A[14:0]) 32K (A[14:0])
Column addressing 1K (A[9:0]) 1K (A[9:0]) 1K (A[9:0])
Page size' 512B / 1KB2 1KB 2KB

Notes: 1. Page size is per bank, calculated as follows:
Page size = 2COLBITS x ORG/8, where COLBIT = the number of column address bits and ORG = the number of

DQ bits.

2. Die revision dependant.
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Figure 1: Order Part Number Example

Example Part Number: MT40A1G4-083:B

[ -/

MT40A Configuration | Package Speed Revision
! T v
Configuration Revision
1Gigx4 1G4 ‘A, :B, :E, :F

512 Meg x8 |512M8
256Meg x 16 | 256M16

Case Temperature

Commercial None
Package Mark Industrial IT

78-ball 9.0mm x 11.5mm FBGA HX
78-ball 9.0mm x 10.5mm FBGA RH
78-ball 8.0mm x 12.0mm FBGA | WE

Speed Grade
—107E | *CK = 1.071ns, CL = 13
-093 | '*CK =0.937ns, CL = 16

78-ball 7.5mm x 11.0mm FBGA SA —093E | tCK = 0.937ns, CL = 15
96-ball 9.0mm x 14.0mm FBGA | HA -083 | *CK =0.833ns, CL =17
96-ball 9.0mm x 14.0mm FBGA GE -083E | 1CK = 0.833ns, CL =16
96-ball 7.5mm x 13.5mm FBGA | LY -075 | *CK =0.750ns, CL =19

—075E | *CK = 0.750ns, CL = 18
—068 | 'CK = 0.682ns, CL = 21
—-068E | *CK = 0.682ns, CL = 20
—-062E | ICK = 0.625ns, CL = 22

CCMTD-1725822587-9046 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.
4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

Contents
Important Notes and WATTHIIZS .......uuuueieeeiiiiiiiiiieeeeeeetteiiti e e eeeetttttaei e e eeeetettttaaa e eeeeteestraaaaeeeeereesnsnnnnaeeeeeeeens 19
General Notes and DESCIIPTION .ivuuuuiiiiiieiiiiiiie ettt e et e e et et e e ettt e e ettt e eeeasneeeeasnneeeeesnseeessnneeensnnn 19
I DT ol w1 0] 410} s EUT O RO PR P RRUPPR PPNt 19
INAUSITIAL TEIMPETATUTE ...eevvtiieiiiiieeeeiiie e ettt e e ettt e e eetee e e eette e e ettt e eeetaaeeeataaseaetsnnseeesannseessnnnseeesnnseenennnsanes 20
GEIETAL INOTES vvviiieeeeeeitiiitte e e e ettt e e e ettt ettt e e e e e et tttbb e e e eeeeteattbaa e e e e e e et eetbbaaa e e eeeeeeestnbna e eeeeeeennnnnann 20
Definitions of the Device-Pin Signal LEVEL ..........coiiiiiiiiiiiiiiiiiiee et 21
Definitions of the Bus SigNal LEVEL ........ccociiiiiiiiiiiie e e e ettt e e e e e erebbb e 21
Functional BIOCK DIQGTAIMNS .....ccevvttiiiiiieeeiiiiiiiie ettt e ettt e e e e ettt ettb e e e e eeeteettbaaa e e eeeeeeesnbnnaaeeeeeeeaes 22
Ball ASSIGIITIEIITS ...ceitiiiiiiiieeeeeeeitititi e e e e ettt ettt e e e e e et ttettba e e e e eeeteattbaa e e eeeeeaeetbaa e e eeeeteesebaaa e eeeeeeesnnnnanaeeeeeneans 24
LS E 1 DTt} ] (o) USSP 26
PACKAZE DIINEIISIONS «evevtiiieeeeeieiiiiiiie ettt e ettt e e e e ettt ettba e e e eeeteettbaa e e eeeeteestbanaaeeeeeeeesnnananaaeeeeeeans 29
N1 Ll B =4 2 1 o NSO PR R PPPPPIN 36
IS0V aTetu (o) =1 B B IcT Yo w1 o) 0 o) s NSRRI 38
RESET and Initialization PIrOCEAUTIE ........cccooiiiiiiiiiie ettt e e e e e et ettt e e e e e e eeeebabaie e e eeeeeeens 39
Power-Up and InitialiZation SEQUETICE ..........ueviiiiiiiiiiiiiieie ettt eeeiee e e etteeeeetteeeeetaeseeeanaaseaaennaaees 39
RESET Initialization with Stable POWETr SEQUENCE ...........oiiiiiiiiiiiiiiieiiiiiie et e e e eeeaie e 42
Uncontrolled POWEr-DOWN SEQUETICE .......c.uuuiiiiiiiiiiiiiieeetiiie e ettt e et eiiee e e eetiaeeeetttaaeeeetaaaseeeannseseannaseerannnaaees 43
Programming MOAE REZISTEIS .......uuuuuiiieiiiiiiiiiiieee ettt e e e ettt e e e e et teettba e e e e eeeteettbaa e aeeeeeeeesananaaeeeeaneans 44
Y (0 S 2 <4 ] ) ol | PP P PO PPPPPPPPRRSPPPPPPPPIRt 47
Burst Length, TyPe, and OTAET ......c..uuuiiiiiiiiiiiiiiiiiiee ettt e ettt e e e e et eentbbba e e e e eeeeeebbbaaeeeeas 49
CAS LALEIICY +euueieiiiieeiii ettt ettt e ettt ettt et ettt e e e et e e et eba e e e e eaa e e e e eea s e e e aaa e e e e ena e e e eanaa e eeenna e eeenna e eennnanns 50
L] 1Y (o 16 (OO PP UPUPPPPPRTRRRR PP 50
Write Recovery (WR)/READ-t0-PRECHARGE ......ccootiiiiiiiii ettt e 50
DL RESET ..ottt ettt ettt e e e e ettt ettt e e e e e et e ettb b e e e e e et e eaabbaa e e e e eeeeaabbba e e eeeeenebbnaneeeas 50
IMOAE REGISTET 1 ...ttt ettt e ettt e e e ettt ettt e e e e e e et eettb e e e e e e eeetbbaa e e e eeeeteenbbanaaeeeeeeeesananaaeeeeeeeans 51
DLL ENable/DLL DISADLE .....cccciiiiiiiiiiieee ettt ettt e e e et ettt e e e e e e eenebbb e e e e eeeerebbbae e eas 52
Output Driver IMpPedance CONTIOL ...........uiiiiiiiiiiiiie ettt e et e e e et e e e et e e e etaaeeeettnseeaasnneeaeeennnes 53
OoDT RTT(NOM) B 1 1 LT RNt 53
AQQITIVE LATEIICY ettt eeeeeeeitiiiie ettt e ettt e e e e ettt tttbba e e e e e et e eatbbaa e e eeeeeeeanbbaa e eeeeeeeeannsanaaeeeeeneans 53
DO RX EQ ettt ettt ettt e e ettt e e e e ettt ettt e e e e e et e eatb b e e e e et e et e bbb e e e et ettt bbb e e e e e e erebbba e as 53
WITEE LEVELINIE «.eeeiiiiiiie ettt e e e et ettt e e e e e et e ettt b e e e e e eeeeaabba e e e e eeeenannbanaaeeeeeneens 54
OULPULE DISADIE ...ttt e et e e e et e e e e ta e e e eta e e e eeaa e e e eeaa e eeesaneeeaesnnseaensnnnes 54
Termination DAt STEODE ........coiiiiiiiiiiiie e ettt e e e e e e ettt e e e e e e eertbbba e e e e eeeerebbbaa e es 54
MOAE REGISTET 2 ...ttt ettt e e e e et ettt b e e e e e e et eettb e e e e eeeeee et baa e e e eeeteanbbaaaaeeeeeeeesnnananaeeeeeeeans 55
CAS WRITE LALEIICY ..eevrunieiiiiiieieite ettt e e et e e ettt e e ettt e e et eea e e e eeta e e e e ena e e e eena e eeenae e eeannaeeennnanns 57
Low-Power AUt Self REfTESI ....cooviiiiiiiie e e ettt e e e e e eeebbb e 57
DynNamiC ODT ...ttt ettt ettt e ettt e ettt e e ettt ettt b e et e e et e tna e e eean e e eanaeeees 57
Write Cyclic Redundancy Check Data BUS .........cooiiiiiiiiiiiieeci ettt e e et e e e eeeees 57
MOAE REGISTET 3 ...ttt e ettt e e e e et ettt e e e e e e e eeettb e e e eeeeeetbbaa e e e eeeteenbbaaaaeeeeeeeesnnanaeeeeeeeans 58
MUIIPUIPOSE REGISTET ...veeeeeeeieiiiiiiie ettt ettt e e e ettt ettt e e e e e e e etebba e e e e eeeeeebbba e e e eeeeenabbnanaeeees 59
WRITE Command Latency When CRC/DM is Enabled .........cccouuiuiiiiiiiiiiiiiiiiiee et 60
Fine Granularity REfreSh IMOAE .........uuuiiiiiiiiiiiiee ettt e e e e e ereabb e 60
TEMPETATUTE SENSOT STATUS ...uitiniiiitetie ettt ettt e e et e e et e et e e ta e eta e etaa e eaa e etaeetnaeeanneeenaeeesnneeannnns 60
Per-DRAM AddresSability .......ccooeeuimiiiiiriiiiiiiiiiee ettt e e e e e e et ettt e e e e e e eeebbba s 60
GEAT-DIOWI IMIOAE ...ttt ettt e e e ettt e e e e et e et atb b e e e e e e e eeetbbaa e e eeeeeeesabbaa e eeeeeeenennnans 60
MOAE REGISTET 4 ...ttt e e e e ettt ettt e e e e e e et eattba e e e e e e eeetbbaa e e e eeeeteettbaaaaeeeeeeeesanananaaeeeeeeans 61
Hard Post Package REPAIT MOAE .......uuuiiiiiiiiiiiiiiiee ettt ettt e e e e e e e et s e e e eeeeeenbbaaeeeees 62
Soft Post Package REPAIr IMOGE ......ccoeuuumiiiieieiiiiiiiiiiie ettt e e e ettt e e e e e e e e eetbbaa e e e eeeeeenennnans 62
WRITE PIEAIMDIE ...ttt e ettt e e e e e et e eet bbb a e e e e e eeetanbba e e e eeeeerannbanaeeeeeneens 63
READ PIEamDbDIE ... ccoiiiiiiiiiiee ettt e ettt e e e e ettt ettt e e e e e e e ee et e e e e e e eeebbba e as 63
CCMTD-1725822587-9046 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

READ Preamble Trailiiig «.....cooooiiiiiiiiiiiiiiiiiiiiii e 63
Temperature-Controlled Refresh ... 63
Command AdAIESS LATEIICY ...cceeeeeeeeieeeieeeieee e e e e e e e e e e e e e e e e e e e e e e e e s e e e s e e e ne e enes 63
INEEINAL VRER MOMITOT ..uiiiiiiiieiiiie e ettt e e ettt e e et e e e etteeeeetteeeeata e eeetaaeeaateaneeeesenneeaessnnsaesssnnsesesnnnsesesnnneanes 63
Maximum POwer SAVINGS MO .......coooiiiiiiiiiiiiiiiiiiiiiiiii ettt 64
MOAE REGISTET 5 ..ottt 65
Data Bus INVEISION ...cciiiiiiiiiiiiiiiiiiiiiiiie ettt e e e et e bbb e e e e et e s b 66
Data MASK «.coeiiiiiiiiiiiii i 67
CA Parity PersiStent EITOT MOAE ....cccoeeeieeeieeeieeeeeeeee e e e e e 67
ODT Input Buffer for POWEI-DOWIL ....ccooeiiieiiieieieieeeeeee e e 67
CA Parity EITOT STATUS ..ieiiiiiiiiiiiiiiiiiiiiiiie ettt e et a b e e e e et e e aa e e e e eeesaaanaaes 67

(01 2O 23 5 ) ] ¥ L R PP PPPT 67
CA PArity LAteNICY MOME ... e e e e e e e e e e s e e e e e e e e e e e e e e e e e e nenenes 67
IMOAE REGISTET 6 .ceeeiiiiiiiiiiiiiiiiiiii ittt 68
UCCD_L PIOZIAIMITIIIE .. .vvveeeiuiiieee ettt ee e ettt e e sttt e e e ettt e e ettt e e et e e e s sttt e e e eaabe e e e e eabbe e e e ssbteeesensteeeeenabbaeeesnneee 69
VRrerpQ Calibration Enable ... 69
VREEDQ Calibration RANGE ..........ccoviiiiiiiiiiiiii 69
VREEDQ Calibration ValUe ...........ccoiiiiiiiiiiiiii 70
DQ RXEQ ittt 70
TIUth TADIES .ooiiiiiiiii 71
INOP COMMANA «.ciiiiiiiiiiiiiiiiiii ettt ettt ettt et et et et et et et et et e e e e eeees 74
DESELECT COMMANA .ceiiiiiiiiiiiiiiiiiiiiiiiiiieiei ettt ettt ettt et et ettt et et et et et et et et e e e e eeeeeeas 74
DLL-OFE MOGE ..ottt 74
DLL-On/Off SWitching ProCEAUIES .......ccooiiiiiiiiiiiiiiiiiiiiiii e 76
DLL Switch Sequence from DLL-On to DLL-Off ... 76
DLL-Off t0 DLL-ON PIOCEAUTE ....cceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeieee ettt ettt e e 78
Input Clock Frequency Chamge .........ccooiiiiiiiiiiiiiiiiiiiiiiii e 79
WITEE LEVELINIG ...ttt enene 80
DRAM Setting for Write Leveling and DRAM TERMINATION Function in that Mode ..........ccccccceeiiiiiiiiinnnnn. 81

| qoTelcTa 0Nyl BTt e | o] To) s HRRN SO TP PP UPUPPPRTRR PN 82
Write Leveling MOdE EXIt ........uuuuimiiiiiiiiiiiiiiiiiii ettt enane 83
Command AdAIESS LATEIICY ...cceeeeeeieieieieeeieee e e e e e e e s e e e e e e e e e e e e e e e s e s e e e s e e e e e aeeeeeneeeaenes 85
Low-Power Auto Self Refresh MOde ........oooiiiiiiiiiiiiiiiiiiiiii 90
Manual Self Refresh MOAe ........cooiiiiiiiiiiiiiiiiiiii e 90
MUIIPUIPOSE REGISTET ..vvuieeeeiieiiiiiiiie ettt e e ettt e e e e e e e et tbtb e e e e e e e eattbba s e e eeeeeeetbaaaseeeeeeeeebnbaaanaeeaeeneees 92
IMPR REAMAS ...ceeiiiiiiiiiiiiiiiii e 93
MPR REAAOUL FOTTIIAL .oeiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt 95
MPR Readout Serial FOIMAt ........oooiiiiiiiiiiiiiiiiiiiiiiii e 95
MPR Readout Paralle]l FOIMAt .........coooiiiiiiiiiiiiiiiiiiiiiii e 96
MPR Readout Staggered FOTITIAL ........cooiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt e e e 97
MPR READ WaVETOTTIIS .oeiiiiiiiiiiiiiiiiiiiiiiiiiiiii i 98
IMPRIWTIEES vveiiiieiee ettt ettt e e e e e et e bbb e e e e e et e bbb s e e e eeteaabaa s e e eeesesaannaaaaees 100
MPRWRITE WAaVETOIIIIS .ceeiiiiiiiiiiiiiiiiiiiiiiiiiii i 101
MPR REFRESH WaVe OIS ...cooiiiiiiiiiiiiiiiiiiiiiiiiiii 102
GEAT-DIOWII IMOTE ... e 105
Maximum Power-Saving MO ..........oooiiiiiiiiiiiiiiiiiiiii 108
Maximum Power-Saving Mode ENIIY ......ooooiiiiiiiiiiiiiiii 108
Maximum Power-Saving Mode Entry in PDA .. ... 109
CKE Transition During Maximum Power-Saving MOde .........cooooioiiioii e 109
Maximum Power-Saving Mode EXIt ... 109
ComMMANA/AAATESS PATILY «..vuuieeeeeiiiiiiiiiieee ettt e e e e ettt e e e e e ettt bbb s e e e eeeeetttbaaeeeeeeeeeesenaaannees 111
Per-DRAM AdAIesSability .......ccooiiiiimiiiieiiiiiiiiiiie ettt e ettt e e e e e e eeettbba e e e e eeeebabbaaaeaeaeaees 119

CCMTD-1725822587-9046 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.
4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

VREFDQ CaliDIAtiON ..o.viiiiiiiiiiiii e 122
VrerDQ Range and Levels ... 123
VREFDQ Step T/ OO PPPRRt 123
VRrerpg Increment and Decrement TIMING .........oooiiiiiiiiiiiiiiiii 124
VREFDQ Target SEIHINES ..ooouiiiiiiiiiiiii e 128
CONNECHIVITY TEST IMOAE .eevvuiiiieeie ittt ettt e e e e et ettt e e e e e e e ettabb e e e e eeeeaabbbaaeseeeeeeeestaaannnees 130
PIN IMIAPPINE ceeiiiiiiiiiiiiiiee et e et e e ettt e e e et et e e e et e ta b 130
Minimum Terms Definition for Logic EQUAtiONS ... 131
Logic EQUAtIONS OT @ X4 DIBVICE ..ceevvuuiiieeeieiiiiiiiiiee e ettt ettt e e e e ettt ettt ee e e e e e e eeebbba e e e e eeeeeenennaannees 131
Logic EQUAtIONS fOT @ X8 DIBVICE ...eevvuuiiiieeiiiiiiiiiiiiee ettt e e e ettt s e e e e e eetbbba e e e e eeeeeeaennaaees 132
Logic EQUAtiONS fOT @ X16 DEVICE .cevuvuuiieiiiiiiiiiiiiiie ettt e e ettt e e e e e e eettbba e e e e eeeeeeeebnaaees 132
CT Input Timing REQUITEIMEIIES .......ccovuuiiiiiiiiiiiiiiiiie ettt ettt e e e e e taa s e e eeesaaaaaes 132
POST PACKAZE REPAIT ..ceeiviiiieeeeiieiiiitie et e ettt e e e e e et ettt b e e e e e e etatbba e e eeeeeebebbaaeeeaaaaes 134
POST PACKAZE REPAIT ...eeevieiiiieeeiieiiiiiee ettt e e e e e ettt bbb e e e e e e eeebbba e e eeeeeeesennaanees 134
Hard Post PACKAZE REPAIT ....ceeiiiiiiiiiiiiiie ettt e ettt e e e e e ettt bbb s e e e e e eeebbbaeeeeeeeeeeseanaannnes 135
hPPR ROW RePaIL - BIMIY cooeiiiiiiiiiiiiiiii i 135
hPPR Row Repair - WRA Initiated (REF Commands Allowed) ...........ccccccciiiiii 135
hPPR Row Repair - WR Initiated (REF Commands NOT Allowed) ...........cccccciiiiiiii. 137
SPPR ROW REPAIT ...euiiiiiiiiiiiiiii et e et e eeeeaaaaaes 138
hPPR/SPPR SUpport Identifier ... 141
EXCESSIVE ROW ACTIVATIOIL ...uuviiiiiiiiiiiiiiii ittt e et e e et et e b e e e e e e e taaabie s eeeaans 143
ACTIVATE COMIMANA ...uiiiiiiiiiiiiie et eee ettt e e e ettt e e e e eeetttttbaa e e eeeeeetttaaaa e eeeeeeattbaaaaeeeeeesssssannseeeeeeeessnns 143
PRECHARGE COMIMANA ....uuiiiiiiiiiiiiiiiee ettt e ettt e e e e e et ettt s e e e e e eeettbba e e e eeeeeeteabaa e eeeeeeessabaaneaaaaaaes 144
REFRESH COMIMANA tttttttiiieeiiiiiiiiiiieee e ee ettt s e e e e e ettt e e e e e e eetttbaa s e e eeeeetttbbaa s eeeeeeettataaeeeeeeeesaabaannaaaaeaes 145
Temperature-Controlled Refresh MOAE .......couuuuiiiiiiiiiiiiiiiie ettt e e e e ettt e e eeaees 147
TCR Mode — Normal Temperature RANGZE .........cooiiiiiiiiiiiiiiiiiiiiiiii 147
TCR Mode — Extended Temperature RANGE ..........coeeeiiiiiiiiiiiiieeeeeieiiiiiiiee ettt e e e e ettt e e e e eeeeaabaa s 147
Fine Granularity Refresh MOde ... 149
Mode Register and Command Truth TabLe ...........oiviiiiiiiiiiiiiii et 149
REFT @Nd TRFC PATAINETETS ....vvveieeeeeieeiirieriereeeeasaunrseeteeesesasanssssseeeesssessssssssseeesesssesssssssssesesssssasssssssseesassenns 149
Changing RefTesh RAE ......ccoeeieieieieeeeee e 152
USAZE Wt TCR IMOME ..ttt e e ettt e e e e e e ettt bbb e e e e e e eeabbba e e e eeeeeeaanbaaanees 152
Self Refresh ENtry and EXIt ...oooeeeieeeeeieeeeeeee e 152
SELF REFRESH OPEIATION c..uuuuiiiiiiiiiiiiiiiiie ettt ettt e e e et s e e e e et e aaa e e e e e e seaaaaaaaaees 154
SEIf REITESI ADOTT ... e 156
Self Refresh Exit with NOP COMIMANA .....uuuiiiiiiiiiiiiiiieee ettt e e e e et ettt s e e e e eeeetababa e e eeeeeeeannnas 157
POWET-DOWIL MOTE ...ttt ettt e e e e e et ettt e e e e e e e etttb b e e e eeeeetatbab e eeeeeeesbabaaeeeaaaaes 159
Power-Down Clarifications — Cas@ 1 .......coioiiiiiiiiiiiiiiiiiiiiiiiiiii 164
Power-Down Entry, Exit Timing with CAL ... 165
ODT Input Buffer Disable Mode for POWET-DOWIL ... 167
CRCWIItE Data FEATUTE ....oouuuiiiiiiiiiiiiiiiiii et e et e e s e e e e 169
CROWEIILE DALA .oeuiiiiiiiiiiiiiiie ettt ettt e e e e e et b b e e e e e e e e taaana e e eeeesanaaaes 169
WRITE CRC DATA OPEIATIOTL c.cvvuuiiniiiiiiiiiiiiiee ettt ettt e e e et e e e e e et e taae e e e eetesaaania e eeeeens 169
DBI_n and CRCBOth ENADBIEA .....ccouuuiiiiiiiiiiiiiiiiee et e ettt e e e e e e e e eaaba s 170
DM_n and CRC Both ENaDIEd ......c..uuuiiiiiiiiiiiiiiiiie ettt e ettt e e e e e e e e eaabie s 170
DM_n and DBI_n Conflict During Writes with CRC Enabled ..............uuiiiiiiiiiiiiiiiiiiiiiiee e, 170
CRC and Write Preamble RESIICHIONS ......eieieieieiee e 170
CRC Simultaneous Operation RESTTICTIONS .......ceuiuuuuiieeeeiiiiiiiiiiiie ettt e e e e ee ettt e e e e eeeeteaabaeeeeeeeeeannnas 170
CRC POLYINIOMUAL ... e 170
CRC Combinatorial LOZiC EQUATIONS .....uuueieiiiiiiiiiiiiieee ettt ettt e e e e et ettt s e e e e eeeetababaeseeeeeeeaennas 171
Burst Ordering for BL8 ......oooiiiiiiiiiiiiiiii 172

O Ol D V- LY 0] o) 1 o V<SP PTPPPPPPR PP 172
CCMTD-1725822587-9046 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

CRC ENADIEd WIth BC4 ...coeiiiiiieiie ettt e e e e e et ettt b s e e e e eeeeetabba e eeeeeaeeanaas 173
CRC with BC4 Data Bit MaPPING ..eeeeeeeeeieieieieieeeeeie e e 173
CRC Equations for x8 Device in BC4 Mode With A2 =0 and A2 =1 ....cooiiiiiiiiiiniiiiiiiiiiiiiee et 176
CRC EITOT HANAIINE - e 177
CRCWrite Data FIOW DIQGIAIMN ..o e 179
Data Bus INVEISION ...cciiiiiiiiiiiiiiiiiiiiiiie ettt et e e e ettt bbb s e e e e e e saaaba s eeeeens 180
DBI During @ WRITE OPETATION ....ccuuuuuiiiiiiiiiiiiiiiinie ettt ettt e e et e b e e e e et esaaaaaaees 180
DBI During @ READ OPEIAtiON .........uuuiiiiiiiiiiiiiiiisiieeiiiiiiie ettt e et a s e e e et e aaaanaaees 181
Data MaSK «.coeiiiiiiiiiii 182
Programmable Preamble Modes and DQS POStaAMDIES .........oeviiiiiiiiiiiiiiieiieiiiiiiiiieee ettt eeees 184
WRITE Preamble MOGE ........uuuueiiiiiiii e 184
READ Preamble MOAe ......oooiiiiiiiiiiiiiiiiiiiiiiiii i 187
READ Preamble Trailiig ......cooooiiiiiiiiiiiiiiiiiiiiiiii 187
WRITE POSTAIMDIE ...ttt 188
READ POStAIMDIE ..cooiiiiiiiiiiiiiiiiiiiiii 188
BanK ACCESS OPEIATIOT ..vvuuuneeiiiiiiiiiiiiee e et ettt e e e e e eeetttia e e e eeetettttaa e e e eeeeetttttaa e eeeeeetatbtaaeeeeeeeessntaaneaeaeeaes 190
READ OPEIALIONL ...eiiiiiiiiiiiiie ittt e e ettt bbb e e e e et et aa e e e eeeesaaabaaaseeeaans 194
Read Timing Definitions ........ooooiiiiiiiiiiiiiiiiiiii 194
Read Timing — Clock-to-Data Strobe Relationship ............ccccciii 195
Read Timing — Data Strobe-to-Data Relationship .........ccouuuiiiiiiiiiiiiiiiiiiie e 197
1.Z(DQS), 'LZ(DQ), tHZ(DQS), and 'HZ(DQ) CalCUlations ...........uvviireeeeeiiiiiiiiiereeeeesieiireeeeeeeeeeennnnrereeeaeeeens 198
TRPRE CAlCULATION ...eeiiiiiiiiiiiiiiee ettt ettt ettt ettt e e ettt e sttt e e et bt e e e sabb b e e e s abteeeeeasbaeeeeaabbteeeseabeneeeanes 199
TRPST CalCULATION ...teeiiiiiiteiiiite e ettt ettt ettt e e ettt e e s ettt e e e sttt e e e eabb b e e e s sttt e e e easbaeeeeaanbbeeesenbeneeeannne 200
READ BUTIST OPETAION .evuuiiiiiiiiiiiiiiiiiie ettt e e e et e b e e e e et e aab e e e e eeesaaanaaees 201
READ Operation Followed by Another READ OPeration ...........c.ccooiiiiiiiiiiiiiiiiiii 203
READ Operation Followed by WRITE OPETation ...........cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiii 208
READ Operation Followed by PRECHARGE OPeration ...........cccoiiiiiiiiiiiiiiiiiiiiiiiii 214
READ Operation with Read Data Bus Inversion (DBI) ... 217
READ Operation with Command/Address Parity (CA Parity) ... 218
READ Followed by WRITE with CRC Enabled ... 220
READ Operation with Command/Address Latency (CAL) Enabled ..............cccccccc 221
WRITE OPEIALION vuuiiiiiiiiiiiiiiiiiie ettt ettt e e ettt b e e e e e e e et b aa e seeeeetaaaaaaaa s eeeeesaaaraes 223
Write TIming Definitions ............ e e 223
Write Timing — Clock-to-Data Strobe RelationsShip .............eii e 223
TWPRE CAICULAtION ..eetiuutiiieiiiiiieeeeiiit e ettt ettt e e ettt e e ettt e e s ettt e e e sttt e e e sabbteeesabtteeeesbaeeeeanbbeeeesenbaneeeanes 225
TWPST CAlCULATION .eeieuiiiiiieiiiitee e ettt ettt ettt e e ettt e s ettt e e et e et e e eabbbeeesabteeeeeasbaeeeeaabbbeeesenbeneeeanes 226
Write Timing — Data Strobe-to-Data Relationship .............euii e 226
WRITE BUTIST OPEIATIOI ...ceiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt e e ettt s e e e e e et etaas e e e eeeenaaanaaeseeeeans 230
WRITE Operation Followed by Another WRITE OPeration ...........ccccoeooii e 232
WRITE Operation Followed by READ OPEIation ............uuuuuuuuuieiiiiiiii e 238
WRITE Operation Followed by PRECHARGE OPeration ... 242
WRITE Operation with WRITE DBI ENabled ...........uuiii e 245
WRITE Operation with CA Parity Enabled ......... ... 247
WRITE Operation with Write CRC Enabled ..............iiii e 248
Write TIming VIOLAtIONS .....ueueiiiiiiiiii e 253
I (0 BT 1 (o) o W PP P PP PP PPPPPER 253
Data Setup and HOLA VIOLATIONS ..cuuuuuuieeiiiiiiiiiiiiie ettt ettt e e e e ettt s e e e e e e eetbbbae e e e eeeeeeebanaanes 253
Strobe-to-Strobe and Strobe-t0-CloCk VIOLAtioNS .......cceoeieieieiee e 253
ZQ CALIBRATTON COIMIMAIIAS evvvvvuiueeeetetiiiitiieeeeeeetetttttiaeeeeetetttttaaaeeeeeettttttaaaaeeeeeettssnnnaaeeeeeresssmmnnneseeeeees 254
On-Die TEIMUNATION ..oiiiiiiiiiiiiiiiiii it ettt a e e e e e et et b s e e e e e teaaaaa s e e eeesenasaaaaaaees 256
ODT Mode Register and ODT State TabLe .........ccuuuuiiiieiiiiiiiiiiiiie et e ettt eeeeeeaeaa s 256
ODT Read Disable State Table .........cccooioiiiii e 257
CCMTD-1725822587-9046 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

SYNCHTONOUS ODT MOGE ..cvvviiiieeeeieiiiiiiiieee ettt e e e et ettt e e e e e e e ettabba e s e e eeeeeebbbaaeeeeeeeeeestnaannnees 258
ODT Latency and POStEA ODT .......cooiiiiiiiieeeieiieiiiiee ettt e ettt e e e e e et e ttabba s e eeeeeetttbbbaeeeeeeeerennnas 258
TIMING PATAIMETETS ...ceiiiiiiiiiiiiiiiiiiiiie et e et e e e e e ettt ab s e e e e et esaaaaaaees 258
ODT DU REAAS ..o s 260
DynamiC ODT .....ooiiiiiiiiiiii ettt e e et e e e e et e b eaeees 261
FUNCHIONAL DESCTIPTION ..vutiieeiieiiiiiiiieee ettt ettt e e e e e et ettt s e e e e e ettt bbb e e eeeeeeebbbaa e eeeeeeeeeasnnaannnes 261
ASYNCRIONOUS ODT MOAE ..cceviiiiiieeiieieiiiiiie ettt e e e e ettt ettt e e e e e eeeettbba s s eeeeeeetababaaeeeeeeeeeesnnas 264
ELeCtrical SPECITICATIONIS ...uuieiiiiiiiiiiiiee ettt e e e e et ettt e s e e e eeetaabbba s e e eeeeetsabbaaeeeaeaees 265
ADSOIULE RATINIGS . evvvviieeeeeeieeiiiie ettt e e e ettt ettt e e e e e e e et tbbaa e e e eeeeeettabaa s e e eeeeeeenasaaaeeeaaaees 265
DRAM Component Operating Temperature RANGE ...........ccouuuiiiiiiiiiiiiiiiiieiiie ettt eeei e 265
Electrical Characteristics — AC and DC Operating Conditions ..............cveeeeieiiiiiiiiiine et eeeeeviiiee e eeeees 266
SUpPly Operating CONAItIONS ......cceiiiiiiiiiieee ettt ettt e e et ettt e e e e e etetttbba e eeeeeeestbbbaneeeeeeeeenneas 266
LAKAZES .eeetiiiiieee ettt ettt e ettt e e e e e ettt bbbt e e e e ettt bbb e e e e e e et tbb b e e e eeeeeabtbaa s 267
VREFCA Supply ............................................................................................................................................ 267
VRrerp Supply and Calibration RANgEes ..............cociiiiiiiiiiiiiiiiiii 268
VREFDQ RANGES oo e e e 269
Electrical Characteristics — AC and DC Single-Ended Input Measurement Levels ...........ccocuuiiieeeiiiiiiiiiiiinnnnnenen, 270
RESET_NINPUELEVELS .oeeiiiiiiiiiiiiiiiiiiiiii i 270
Command/Address INPUL LEVELS ....ccouuuuuiiieiiiiiiiiiiiie ettt e e e et ettt e e e e e e eteebbba e e eeeeeeeenneas 270
Command, Control, and Address Setup, Hold, and Derating .............ccceuuuuuiireeiieiiiiiiiiiineeeeeeeeiiiiiiee e eeeeeeennnns 272
Data Receiver INpUt REQUITEIMEIITS .......uuiiiiiiiiiiiiiieeiiie ettt ettt e ettt e ettt e e ettt e eeeebae e eeeenaeeeeeenaeees 274
Connectivity Test (CT) Mode INPUL LEVELS ....ceeviiiiiiiiiiieiiiiiiiiiiie ettt e ettt eeeeeeeeeaaa 278
Electrical Characteristics — AC and DC Differential Input Measurement LeVels .............cccouuuiiiireriiiiiiiiiiiiinnenenen, 282
Differential INPULS «...oooiiiiiiiiiiiiii 282
Single-Ended Requirements for CK Differential Signals .........ccooooioooioioiiiiii e 283
Slew Rate Definitions for CK Differential Input Signals .............ieeriiiiiiiiiiiiiiieiiiie e 284
CK Differential Input Cross POINt VOItAZE ..o 285
DQS Differential Input Signal Definition and Swing Requirements ..............cccccccccii.. 286
DQS Differential Input Cross POINt VOIAZE ..........coooiiiiiiiiiiiiiiiiiiiiiii 288
Slew Rate Definitions for DQS Differential Input Signals .......cccoeeeioieiiiii e 289
Electrical Characteristics — Overshoot and Undershoot Specifications ...........c...u.veieeiiiiiiiiiiiiinneeiireiiiiiiieeeeeeees 291
Address, Command, and Control Overshoot and Undershoot Specifications ............cccuuuuiieriiiiiiiiiiiiiinnnnennens 291
Clock Overshoot and Undershoot SPeCifiCations ............ceeuiiiiiiiiinreiiiiiiiiiiere et ee ettt eeeeeeeeaea 292
Data, Strobe, and Mask Overshoot and Undershoot Specifications .............ccoeuvuiiiiierriiiiiiiiiiiiiinneeeeeeeiiiinn. 293
Electrical Characteristics — AC and DC Output Measurement LEVELS ...........cccouuuuiiiieiiiiiiiiiiiiiinn et 293
SINGLE-ENAEA OULPULS .eeeiiiiiiiieeeeeiiiiiiiiiee e ettt e e e e ettt bbb e e e e e e eeetttba s e e eeeeetatbbaa s eeeeeeesebnbannseeeeeeeennnas 293
DiIfErential OULPULS oeeevieiiiiieeeeeiiiiiieee et e ettt e e e e e e ettt bbb e e e e e e etttbbba s eeeeeeeeatbbaaeeeeeeeeassnnaannnes 295
Reference Load for AC Timing and Output SIEW Rate ..........uuieiiiiiiiiiiiiiieee ettt 296
Connectivity Test Mode OULPUL LEVELS .......cceeiiiiiiiiiiiieie ettt ettt e e e e e ettt e e e e eeeeeaeaeas 297
Electrical Characteristics — AC and DC Output Driver CharacteriStiCs ..........ceetuiuuiirereiiiiiiiiiiiine et eeees 298
Connectivity Test Mode Output Driver Electrical CharacteristiCs .............uuveeeeiieiiiiiiiiiiieeeeeiiiiiiiiiiie e eeeeeeeenen 298
Output Driver Electrical CharaCteriSTICS .........ceetiuuuuuiereeiiiiiiiiiiiiee e eeeeetiiiie e e e eee ettt e e e e eeeetebibaeseeeeeeeanneas 300
Output Driver Temperature and Voltage SENSITIVILY ........ccoeiuuiuuiiirriiiiiiiiiiiiine et eeee et eeeeeeeeaea 303
ALBTTE DITIVET ...ttt ettt e e e e et ettt e e e e e e et ettt bba e e e e e e e et abbaa s e e eeeeeetaabaa e s eeeeeeesennaaneeaaaanes 303
Electrical Characteristics — On-Die Termination CharacteristiCs ...........ooeeiiiiiiiiiiiiiiereiiiiiiiiiiine et eeeees 304
ODT Levels and I-V CharaCteriSTICS .....uuuuueeeeetttiiiiiiiieeeeeeetitiiiiieeeeeeetttttiiiaeeeeetetttttaaeeeeeeettennnannseeeeeeeemnnns 304
ODT Temperature and VOltage SENSTTIVITY ......cceeuiuuuuiiereeeriiiiiiiiiee ettt eeeeeiebie e e e eeeettebbb e e eeeeeeeaeneas 306
ODT Timing DefinitionsODT Timing Definitions and Waveforms ...........ccooooooiioiiiiiiiiiiiee 306
DRAM Package Electrical SPeCIfiCAtiONS .......cuuuuuiieiiiiiiiiiiiiiiee ettt ettt e e ettt e e e e e eeebtbbaeeeeeaees 310
Thermal CharaCteriSTICS ... .oveiiiiiiiiiiiiieee ettt e ettt e e e e et etttb e e e eeeeetatbbaseeeeeeetstabaaeaaaeaaes 314
Current Specifications — Measurement CONAITIONS .........cceeuuuuuuiiereeeriiiiiiiiie e ee ettt e e eeeeettbiie e eeeeeeeaeaiaaeees 315
Ipp, Ipp, and Ippg Measurement CONAItiONS ...........cccuiiiiiiiiiiiiiiiii e 315
CCMTD-1725822587-9046 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

IDD DEEINTTIONS «.evuniiiiiiii et e et e et e et e e et e e et e e et e e st e ab e s et e e st e e ateeaaaaearaeraans 317
Current Specifications — Patterns and Test CONAItIONS ......cceuuuuuuirreiiiiiiiiiiiie et eeeeeeeie e e e eeeeeeia s 321
Current Test Definitions and PAtteITIS ......coeeeieieieieieieeee e 321
IDD SPECITICATIONS ...eeiiiiiiiiee ettt ettt e e e e e e ettt e e e e e e ettt bbb e e e eeeeeabbba e e eeeeeeeasanaannees 330
Current SPeCifiCatioNs — LIS ......ceiiuiuuiiiieeeeiiiiiiiiiee ettt e e e ettt e e e e e etetabbaae e e e eeeeetbbbaeeeeeeeeeessnaananees 331
SPEEA BIN TADIES ...ttt e ettt e e e e e ettt e e e e e et ettt e e e e e e e eebtbaa s 339
Refresh Parameters BY DeVICE DEISIY .....cceiiiiiiuiiieeiiiiiiiiiiiee ettt e e ettt e e e et ettabiis s e e e e eeettabbineeeeaaaes 356
Electrical Characteristics and AC Timing Parameters ..........ccoeeeeeiiiiiiuiiineeeeeitiiiiiiiireeeeeeettiiiineeeeeeetreaiieeeeeees 357
Electrical Characteristics and AC Timing Parameters: 2666 Through 3200 ............ccoeveiiiiiiiiiiiinnnriiieiiiiiiiee e 369
Converting Time-Based Specifications to Clock-Based REQUITEMENTS .........ceeeereiiiiiiiiiireeeeiiiiiiiiiineeeeeeeeeiiiiinnee 381
(0] 075 T0) s Tl =1 o) (1S U PP P PPPRPTR 382

CCMTD-1725822587-9046 9 Micron Technology, Inc. reserves the right to change products or specifications without notice.
4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

List of Figures

Figure 1: Order Part NUmMber EXamPIE ......ccoouuiiiiiiiiiiiiiiiiiiie ettt e ettt e e e e e e ereebb e e e eeeeeens 3
Figure 2: 1 Gig x4 Functional BIOCK DIagram .........cccovuuiiiuiiiiieiiiiiiiiiie et e ettt e e e e eetabie e e e e eeeens 22
Figure 3: 512 Meg x 8 Functional BIOCk DIagram .........ccuuuuuiiiiiiiiiiiiiiiee ittt eeeeeees 22
Figure 4: 256 Meg x 16 Functional Block DIiagram .............coeiiiiiiiiiiiiiiiiie ettt eeeeeees 23
Figure 5: 78-Ball x4, X8 Ball ASSIGNIMEIITS ..cevvutuuiiiieeeiiiiiiiiie e e ettt e e e ettt ettt e e e eeeteettbaaeeeeeeeeeetnnanaaeeeeeeeens 24
Figure 6: 96-Ball Xx16 Ball ASSIGNIMIEIILS ...cceitiiiiiiiiieeeeeiiiiiiie e e ettt e e e ettt ettt e e e e eeeteettbaa e e eeeereesanaaaaeeeeeeeees 25
Figure 7: 78-Ball FBGA — X4, X8 "HX" ...ttt ettt ettt e ettt e e e e ettt ettbi e e e e eeeeeetabaaaaeeeeeeeans 29
Figure 8: 78-Ball FBGA — X4, X8 "RH" ... ittt ettt e e et te et e e e e e e e e ebabaaa e e eeeeeeees 30
Figure 9: 78-Ball FBGA — X4, X8 "WE" ... ittt ettt ettt e ettt e e e e e et teetbba e e e eeeeeetabaaaaeeeeeeeans 31
Figure 10: 78-Ball FBGA — X4, X8 "SA" ... ittt ettt ettt e e e ettt e e e e e e eteettba e e e e eeereesabaaaaeeeeeeeans 32
Figure 11: 96-Ball FBGA —X16 "HA" ...ttt ettt ettt e e e e ettt ettt e e e e e e e teettba e e e eeeereesanaaaaeeeeeeeees 33
Figure 12: 96-Ball FBGA —X16 "GE" ...ttt e ettt e e e e e et e etbb e e e eeeeeetabaaaeeeeeeeaes 34
Figure 13: 96-Ball FBGA — X168 "LY" ....iiieiiiiiiiiiiiee ettt e ettt e e e e ettt ettt e e e e eeeteettbaa e e eeeeeeesabanaaeeeeeeeees 35
Figure 14: Simplified State DIagIamm .......cccouuuimuiiiieeiiiiiiiiiee ettt ettt e e e e e teettbie e e e eeereetabaaaeeeeeeeaes 36
Figure 15: RESET and Initialization Sequence at Power-On Ramping .........ccceuuuuiiiireiiiiiiiiiiiiine e 42
Figure 16: RESET Procedure at Power Stable CONAItION ........ceeeiiiiiiiiiiiiieeeiiiiiiiieee et eeeeeees 43
LR Fea B h (I R\ 1 4 B I ' 11 =P URRR SR 45
FIGUTE 18: IMOD TIIMIIEG -..vetvttieeeeeeeiiitittieee e e e e ettt et eeeeee s s aattteeeaeeeseannase e eeeaaeeesaannasseeeeaeeesaannnssneeeeaeeeeaannnsnees 45
Figure 19: DLL-Off Mode Read Timing OPETation ............uuiiieeeiiiiiimiiiieeeeeeiitiiiiie e e eeeteetiniieaeeeeereetnnanaaeeeeeeeens 75
Figure 20: DLL Switch Sequence from DLL-On to DLL-Off .....ccooiiiiimiiiiiii e 77
Figure 21: DLL Switch Sequence from DLL-Off t0 DLL-ON ...ceiiiiiiiiiiiiiieeeiiiiiiiiieee ettt eeeeeees 78
Figure 22: Write Leveling Concept, EXamMPLe 1 .....ccooiiiiiiiiiiiiieiiiiiiiie et e ettt eeere et e e e e eeeeens 80
Figure 23: Write Leveling Concept, EXamMPLe 2 ......cooiiiiiiiiiiiiieiiiiiiiiie ettt eeere et e e e eeeeeens 81
Figure 24: Write Leveling Sequence (DQS Capturing CK LOW at T1 and CKHIGH at T2) .........cccevveiiiiiiineeeennes 83
Figure 25: Write LeVEING EXIt ..oevviiiiiiiiiieiiiiiiiiiie et e ettt e e e e et te et e e e e e eeeetabaa e e eeeeeeaes 84
Figure 26: CAL Timing DefiNitiON .......oeeeiiiiiiiiiiiie ettt e e e e te et e s e e e e ereetabaaaaeeeeeeeens 85
Figure 27: CAL Timing Example (Consecutive CS_1n = LOW) ....ccoittiiiiiiiiieiiiiiiiiiiieee ettt eeereetiiie e e eeeeeens 85
Figure 28: CAL Enable Timing — IMOD_CAL ......uuuuiiiiieeeeeieiiiiiieee e e e eeeiieteeeeaeeeseiaeetteeaeeesasnneseeaeaaeeeeaannnseees 86
Figure 29: 'MOD_CAL, MRS to Valid Command Timing with CAL Enabled .............cccccciviiiiiiiiiiiieiee e 86
Figure 30: CAL Enabling MRS to Next MRS Command, tMRD_CAL ..........cccoriurieeeriiieeeeniiieeeeiereeeeeneeeeennneeens 87
Figure 31: 'MRD_CAL, Mode Register Cycle Time With CAL Enabled ..........cccccooiiiiiiiiiiinieniiiiieee e 87
Figure 32: Consecutive READ BL8, CAL3, 1'CK Preamble, Different Bank Group ..........cccceeeeeeiiivieieeieeeeeneeeee, 88
Figure 33: Consecutive READ BL8, CAL4, 1'CK Preamble, Different Bank Group ..........cccceeeeeeiiiviiiieeeeeeenieeeee, 88
Figure 34: Auto Self Refresh RANGES ......cccoiiiiiiiiiiiie i e e ettt e e e e e e et e e e e e eeeens 91
Figure 35: MPR BIOCK DIQGTAIN ..eevtuiiiiiieiiiiiiiiiiieee ettt e ettt e e e e e e e te ettt e e e e eeeeeetabaaaaeeeeeeeaes 92
Figure 36: MPR READ TIITIIE ...ouuuiiiiiiiiiiiiiie ettt ettt e e et e e et e e e eebe e e eeena e e eean e e eeanaeeeeenanes 98
Figure 37: MPR Back-t0-Back READ TIiMNG ......ceeeeiiiiiiiiiiiiie ettt e ettt e e e e e e eetabiie e e e eeeeeens 99
Figure 38: MPR READ-t0-WRITE TIIMING ..eeuuieiiiiiiiiiie ettt et e e et e et e e e enn e e eennans 100
Figure 39: MPRWRITE and WRITE-t0-READ TiIMiNE ..ecuvvruuiiieiiiiiiiiiiiiee ettt e eeeeeeeiiiie e e e e eeeeeteiia e e e eeeees 101
Figure 40: MPR Back-t0-BaCk WRITE TiIing ........ccceeiiiiiimiiieeieeiiiiiiiee ettt e ettt e e e e e eetaii e e e eeeees 102
Figure 41: REFRESH TIIUIIE ...covvuiniiiiiii ettt ettt e ettt e e ettt e e e ee e e e een e e eeera e e eeanae e eeennaeeeennans 102
Figure 42: READ-t0-REFRESH TIIMIING ...oetttiiiiiiiiiiiiiiie ettt e e et e e et e e et e e eenn e eeennans 103
Figure 43: WRITE-tO-REFRESH TiITlIIE ..ceevuuiiiiiiieiiiiiie ettt et e e et e e et e e et e e eeen e eeennans 103
Figure 44: Clock Mode Change from 1/2 Rate to 1/4 Rate (Initialization) .............ceeviieiiiiiiiiiiininiiiiiiiiiie e 106
Figure 45: Clock Mode Change After Exiting Self Refresh ..........ccooouiiiiiiiiiiiiiii e 106
Figure 46: Comparison Between Gear-Down Disable and Gear-Down Enable ............cccccuiiiiiiiiiiiiiiiiiiinnnecnen. 107
Figure 47: Maximum Power-Saving MoOde ENTTY ......cooviiiiiiiiiiiie et e ettt e e e eeees 108
Figure 48: Maximum Power-Saving Mode Entry with PDA ........ccoiiiiiiiiiiiiiiii e 109
Figure 49: Maintaining Maximum Power-Saving Mode with CKE Transition .............ccceeveumiiineeeeieiiiiiiiineeeenees 109
Figure 50: Maximum Power-Saving MoOde EXIt .......cccoiiiiiiiiiiiiiiiiiiiiiiiiee et ettt eee et eeeeeee 110
CCMTD-1725822587-9046 1 0 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Figure 51: Command/Address Parity Operation ...t 111
Figure 52: Command/Address Parity During Normal Operation ............ccccccciiiiiiiiiiii 113
Figure 53: Persistent CA Parity Error Checking Operation ............cccccccciii 114
Figure 54: CA Parity Error Checking — SRE AtEIMPT ....coooiiiiiiiiiiiiiiiiiiiiiiiii 114
Figure 55: CA Parity Error Checking — SRX ATEMIPT ...cooiiiiiiiiiiiiiiiiiiiiiiii 115
Figure 56: CA Parity Error Checking — PDE/PDX .......coiiiiiiiiiiiiiiiiii 115
Figure 57: Parity Entry Timing Example — IMRD_PAR ......ccccuuiiiiiiiiiiiiiiiiiiee ettt s e e e s 116
Figure 58: Parity Entry Timing Example — IMOD_PAR ......cccuuttiiiiiiiieeiiiiieee ettt e s eeesieeee e 116
Figure 59: Parity Exit Timing Example — IMRD_PAR  .......ccooouitiiiiiiiiieiiiiiiee ettt ee e 116
Figure 60: Parity Exit Timing Example — IMOD _PAR .......ccooouuitiiiiiiieeeiiiieee ettt e e e e s sieee e e 117
Figure 61: CA Parity FIOW DIagramm .......coooiiiiiiiiiiiiiiiiiiiiiiiiii 118
Figure 62: PDA Operation Enabled, BL8 ... 120
Figure 63: PDA Operation Enabled, BC4 ... 120
Figure 64: MRS PDA EXIE ..uuuiiiiiiiiiiiiiii ittt e e et a e e e e e et aa s eeeens 121
Figure 65: Vggppq VOltage RANGe .........cc.oooiiiiiiiiiiiiii 122
Figure 66: Example of Vggr Set Tolerance and Step SIZe ... 124
Figure 67: Vggppq Timing Diagram for Vyggime PArameter ... 125
Figure 68: Vggppq Training Mode Entry and Exit Timing Diagram ..............ccccoooiiiiiiiiiiiiiiiccicie 126
Figure 69: Vggr Step: Single Step Size INCrement Case ...........coooiiiiiiiiiiiiiiiiiiiiii 127
Figure 70: Vggg Step: Single Step Size Decrement CaSe ..........c.cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 127
Figure 71: Vggp Full Step: From VRggmin 10 VREEMaxCaSE «oovvviiiiiiiiiiiiiiiiiiiiiii e 128
Figure 72: Vggp Full Step: From Vypgmax 10 VREEMInCASE «oovvviiiiiiiiiiiiiiiiiiiiiii s 128
Figure 73: Vggppqg Equivalent CIrCUIL .........ccooiiiiiiiiiiiiiii e 129
Figure 74: Connectivity Test Mode EINtIY ......ooooiiiiiiiiiiiiiiiiii 133
Figure 75: hPPRWRA —ENITY .ooiiiiiiiiiiiiiiiiiiiii 136
Figure 76: hPPRWRA — Repair and EXit ... 137
Figure 77: hPPRWR — ENTIY .oooiiiiiiiiiiiiiiiiiiiiii 138
Figure 78: hPPRWR — Repair and EXit ...t 138
Figure 79: SPPR = EIITIY ...uuuiiiiiiiiiiiiiiie et ettt e e et bbb e e eeens 141
Figure 80: sPPR — Repair, and EXit ......ccoooiiiiiiiiiiiiiiiiii 141
Figure 81: TRRD TIIMIIG ...eeeiiiiiieeiiiiite ettt ettt ettt e e ettt e e ettt e e sttt e e e bt e e e e eabbaeeeseabbeeeeeaabeeeeenaeeees 144
FAGUIE 82: TFAW THITHIIIZ ....eeeiuiiteee ettt ettt e ettt e ettt e e ettt e e ettt e e s sttt e e e sttt e e e sabbteeeseasteeeeeaabeaeeenabeees 144
Figure 83: REFRESH Command Timing ........ccoooiiiiiiiiiiiiiiiii 146
Figure 84: Postponing REFRESH Commands (EXample) ... 146
Figure 85: Pulling In REFRESH Commands (EXample) ... 146
Figure 86: TCR MO EXAMPIET ........oiiuiiiiiiiiiiiiieiie ettt ettt et ettt e st e et eesateenbeesteeenbeesneeenseenees 148
Figure 87: 4Gb with Fine Granularity Refresh Mode Example ..............ccccccc 151
Figure 88: OTF REFRESH Command TimiNg ...t 152
Figure 89: Self Refresh Entry/Exit TIMINE .....cooooiiiiiiiiiiiiiiiiii 155
Figure 90: Self Refresh Entry/Exit Timing with CALMOde ...t 156
Figure 91: Self Refresh ADOTT ......oooiiiiiiiiiiiiiiiiiii 157
Figure 92: Self Refresh Exit with NOP Command ...t 158
Figure 93: Active Power-Down Entry and EXit ... 160
Figure 94: Power-Down Entry After Read and Read with Auto Precharge ..................ccccccc . 161
Figure 95: Power-Down Entry After Write and Write with Auto Precharge .................cccccccc 161
Figure 96: Power-Down Entry After WITte ... 162
Figure 97: Precharge Power-Down Entry and EXit ...........cccociiii 162
Figure 98: REFRESH Command to Power-Down ENtry ... 163
Figure 99: Active Command to Power-Down ENtIY ... 163
Figure 100: PRECHARGE/PRECHARGE ALL Command to Power-Down Entry .............cccccccco. 164
Figure 101: MRS Command to Power-Down ENtIy ... 164
Figure 102: Power-Down Entry/Exit Clarifications — Case 1 ..........ccccciiiiiiiiiiiiiiii 165
CCMTD-1725822587-9046 1 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Figure 103: Active Power-Down Entry and Exit Timing with CAL ... 165
Figure 104: REFRESH Command to Power-Down Entry with CAL ..o 166
Figure 105: ODT Power-Down Entry with ODT Buffer Disable Mode ................ccccccccc 167
Figure 106: ODT Power-Down Exit with ODT Buffer Disable Mode ............ccccccciiiii 168
Figure 107: CRCWrite Data OPETatiOn ............uiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt e e et aa e e eeaes 169
Figure 108: CRC EITOI REPOITIINIG .vvuuuiiiiiiiiiiiiiiiiii it e e e e ee e 178
Figure 109: CA Parity FIOW DIagraml .........coooiiiiiiiiiiiiiiiiiiiiiiiiiiii 179
Figure 110: 1'CK vs. 2)CKWRITE Preamble MOAE ..........cccoruiiiiiiiiiieeiiiiiiee ettt e et e s e e e sieeee e 184
Figure 111: 1'CK vs. 2)CKWRITE Preamble Mode, FCCD =4 ....ccooiuuiiiiiiiiiieeiiiiieeeeiiieee st ee e e sieeee e 185
Figure 112: 1'CK vs. 2'CKWRITE Preamble Mode, FCCD =5 ....ccoviuiiiiiiiiiiieeiiiiieeeeniiieee e et ee s eeessieeee e s 186
Figure 113: 1'CKvs. 2 'CKWRITE Preamble Mode, {CCD = 6 .....cccuuvtiiiiiiiiiiiiiiieeeeiiieee et e e e e 186
Figure 114: 1'CKvs. 2'CK READ Preamble MOE ..........coeiviiiiiiiiiiiiiiiiiiiiie ettt e e 187
Figure 115: READ Preamble Training ..........ooooiiiiiiiiiiiiii 188
Figure 116: WRITE POStamble ..o 188
Figure 117: READ POStAMDIE .....coooiiiiiiiiiiiiiiiiiiiiiiiiiiii 189
Figure 118: Bank Group x4/x8 BIOCK DIagram ........coooiiiiiiiiiiiiiiiiiiiiiiii 190
Figure 119: READ Burst ‘CCD_S and 'CCD_L EXAMPLES .......vveeerrriiiieeiiiiiieeiiiieeeeeniiieeeesiieeeeseiieeeessieeeeesaeeees 191
Figure 120: Write Burst 'CCD_S and 'CCD_L EXAMPIES .......uvveerriiiiieeiiiiiieeiiiiieeeeniiieeeeeiiteeeseiieeeessieeeeesiieees 191
Figure 121: "RRD THIIIE ..eeeiiuiiiieeiiiiiee ettt ettt ettt e e st e e s eab bt e e e sttt e e e eabbaeeeseabtbeeeeaabeeeeeearaees 192
Figure 122: 'WTR_S Timing (WRITE-to-READ, Different Bank Group, CRC and DM Disabled) .............ccccouuee. 192
Figure 123: 'WTR_L Timing (WRITE-to-READ, Same Bank Group, CRC and DM Disabled) ..........ccccccuvveeennnnee. 193
Figure 124: Read Timing Definition ... 195
Figure 125: Clock-to-Data Strobe Relationship ... 196
Figure 126: Data Strobe-to-Data Relationship ... 197
Figure 127: 'LZ and 'HZ Method for Calculating Transitions and Endpoints .............ccccevvvveeiiniiieeenniieeeennnnen. 198
Figure 128: 'RPRE Method for Calculating Transitions and ENdpPOints ..........ccceeeeerriiieieniiieeeiniiieeeeniieee e 199
Figure 129: 'RPST Method for Calculating Transitions and ENApPOints ...........ccceeeeeriiieeiniiieeiiniiieeeenieee e, 200
Figure 130: READ Burst Operation, RL=11 (AL=0, CL =11, BL8) ......cccceiiiiiiiiiiiiiiiiiiiiiiiiiii e 201
Figure 131: READ Burst Operation, RL =21 (AL=10, CL =11, BL8) ..eettiiiiiiiiriiiiiie ettt 202
Figure 132: Consecutive READ (BL8) with 1'CK Preamble in Different Bank Group ............ccccevvuvveeernueeeeennnnnee. 203
Figure 133: Consecutive READ (BL8) with 2'CK Preamble in Different Bank Group ............ccccevvuvveeerniieeeennnnnee. 203
Figure 134: Nonconsecutive READ (BL8) with 1'CK Preamble in Same or Different Bank Group ............ccc........ 204
Figure 135: Nonconsecutive READ (BL8) with 2!CK Preamble in Same or Different Bank Group ............ccc........ 204
Figure 136: READ (BC4) to READ (BC4) with 1'CK Preamble in Different Bank Group .........ccccecvveeevnueeeeennnnnen. 205
Figure 137: READ (BC4) to READ (BC4) with 2'CK Preamble in Different Bank Group .........ccccecvveeernuieeeennnnnen. 205
Figure 138: READ (BL8) to READ (BC4) OTF with 1'CK Preamble in Different Bank Group .........ccccccceveeeeerennnnns 206
Figure 139: READ (BL8) to READ (BC4) OTF with 2'CK Preamble in Different Bank Group ...........ccccceveeeeerennnnns 206
Figure 140: READ (BC4) to READ (BL8) OTF with 1'CK Preamble in Different Bank Group ...........cccoecvvveeennnnee. 207
Figure 141: READ (BC4) to READ (BL8) OTF with 2'CK Preamble in Different Bank Group ..........cccccccveeeeerennnns 207
Figure 142: READ (BL8) to WRITE (BL8) with 1'CK Preamble in Same or Different Bank Group .............cccc....... 208
Figure 143: READ (BL8) to WRITE (BL8) with 2'CK Preamble in Same or Different Bank Group .............ccco....... 208
Figure 144: READ (BC4) OTF to WRITE (BC4) OTF with 1'CK Preamble in Same or Different Bank Group ......... 209
Figure 145: READ (BC4) OTF to WRITE (BC4) OTF with 2!CK Preamble in Same or Different Bank Group ......... 210
Figure 146: READ (BC4) Fixed to WRITE (BC4) Fixed with 1!CK Preamble in Same or Different Bank Group ..... 210
Figure 147: READ (BC4) Fixed to WRITE (BC4) Fixed with 2!CK Preamble in Same or Different Bank Group ..... 211
Figure 148: READ (BC4) to WRITE (BL8) OTF with 1'CK Preamble in Same or Different Bank Group ................ 212
Figure 149: READ (BC4) to WRITE (BL8) OTF with 2'CK Preamble in Same or Different Bank Group ................ 212
Figure 150: READ (BL8) to WRITE (BC4) OTF with 1'CK Preamble in Same or Different Bank Group ................ 213
Figure 151: READ (BL8) to WRITE (BC4) OTF with 2'CK Preamble in Same or Different Bank Group ................ 213
Figure 152: READ to PRECHARGE with 1'CK Preamble ...........ccoocuuiiiiiiiiiiiiiiiiieeeiiiieeeniieeee e e e 214
Figure 153: READ to PRECHARGE with 2!CK Preamble ..........ccoooouiiiiiiiiiiiiiiiiieeeiiieeeeeiiiee e essieeee e 215
Figure 154: READ to PRECHARGE with Additive Latency and 1'CK Preamble ............cccoovvveeerniiieeenniieeeennnen. 215
CCMTD-1725822587-9046 1 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Figure 155: READ with Auto Precharge and 1'CK Preamble ............ccooiuuiiiimiiiiieiiiiiieeeniiieee e enieeee e 216
Figure 156: READ with Auto Precharge, Additive Latency, and 1'CK Preamble ...........ccccoeuveeiiniiiieeenniiieeeennnnen. 217
Figure 157: Consecutive READ (BL8) with 1'CK Preamble and DBI in Different Bank Group .........ccccceeeeennneee. 217
Figure 158: Consecutive READ (BL8) with 1!CK Preamble and CA Parity in Different Bank Group .................... 218

Figure 159: READ (BL8) to WRITE (BL8) with 1'CK Preamble and CA Parity in Same or Different Bank Group ... 219
Figure 160: READ (BL8) to WRITE (BL8 or BC4: OTF) with 1'CK Preamble and Write CRC in Same or Different

BanK GIOUP eieiiiiiiiiiiiiii i 220
Figure 161: READ (BC4: Fixed) to WRITE (BC4: Fixed) with 1'‘CK Preamble and Write CRC in Same or Different

BANK GIOUP vttt ettt ettt e e e et e ettt e e e e e e ettt bbb s e e e e e eeetabba s e e eeeeeeabbban e eeeeeeeeeasbnannnees 221
Figure 162: Consecutive READ (BL8) with CAL (3'CK) and 1'CK Preamble in Different Bank Group .................. 221
Figure 163: Consecutive READ (BL8) with CAL (4'CK) and 1'CK Preamble in Different Bank Group .................. 222
Figure 164: Write Timing Definition ... 224
Figure 165: 'WPRE Method for Calculating Transitions and ENdpOints ..............ceeevuvieeeniiieeeiniieeeenniieee e 225
Figure 166: 'WPST Method for Calculating Transitions and ENdpPOints ..........cc.eeeeviireeeniiieeeiniiieeeeniieee e 226
Figure 167: Rx Compliance Mask .........coooiiiiiiiiiiiiiiiiiiiiiiiiii 227
Figure 168: Vcent pQ VREFDQ VOItage Variation ............c.coooiiiiiiiiiiiiiiiiii 227
Figure 169: Rx Mask DQ-t0-DQS TIMIIIES ...cceeetiiiiiiiiiiiiiiiiiiiiiiiiiii 228
Figure 170: Rx Mask DQ-t0-DQS DRAM-Based Timings ........cccooiiiiiiiiiiiiiiiiiii 229
Figure 171: Example of Data Input Requirements Without Training ................cccccccc 230
Figure 172: WRITE Burst Operation, WL=9 (AL=0, CWL =9, BL8) ....ccccceiiiiiiiiiiiiiiiiiiiiiiiin i 231
Figure 173: WRITE Burst Operation, WL =19 (AL =10, CWL =9, BL8) ......ccciiiiiiiiiiiiiiiiiiiiiiin e 232
Figure 174: Consecutive WRITE (BL8) with 1'CK Preamble in Different Bank Group ...........ccccecuvveeeenuveeeennnnnee. 232
Figure 175: Consecutive WRITE (BL8) with 2'CK Preamble in Different Bank Group ...........cccceeuvveeernuveeeennnnnee. 233
Figure 176: Nonconsecutive WRITE (BL8) with 1'CK Preamble in Same or Different Bank Group ..................... 234
Figure 177: Nonconsecutive WRITE (BL8) with 2'CK Preamble in Same or Different Bank Group ..................... 234
Figure 178: WRITE (BC4) OTF to WRITE (BC4) OTF with 1'CK Preamble in Different Bank Group .................... 235
Figure 179: WRITE (BC4) OTF to WRITE (BC4) OTF with 2'CK Preamble in Different Bank Group .................... 236
Figure 180: WRITE (BC4) Fixed to WRITE (BC4) Fixed with 1!CK Preamble in Different Bank Group ................. 236
Figure 181: WRITE (BL8) to WRITE (BC4) OTF with 1'CK Preamble in Different Bank Group .........ccccccceeeevnnnee. 237
Figure 182: WRITE (BC4) OTF to WRITE (BL8) with 1'CK Preamble in Different Bank Group .........ccccceeeennneee. 238
Figure 183: WRITE (BL8) to READ (BL8) with 1'CK Preamble in Different Bank Group .........ccceccueeeevvuveeeennnnnen. 238
Figure 184: WRITE (BL8) to READ (BL8) with 1'CK Preamble in Same Bank Group ............ccccevveeeerniuieeeennnnnee. 239
Figure 185: WRITE (BC4) OTF to READ (BC4) OTF with 1'CK Preamble in Different Bank Group ...................... 240
Figure 186: WRITE (BC4) OTF to READ (BC4) OTF with 1'CK Preamble in Same Bank Group ........c...cccceevnueee. 240
Figure 187: WRITE (BC4) Fixed to READ (BC4) Fixed with 1 {CK Preamble in Different Bank Group ................. 241
Figure 188: WRITE (BC4) Fixed to READ (BC4) Fixed with 1'‘CK Preamble in Same Bank Group ............ccc........ 241
Figure 189: WRITE (BL8/BC4-OTF) to PRECHARGE with 1'CK Preamble ..........cccovcuvieeiniiiiiiiiiiieeeiiieee e 242
Figure 190: WRITE (BC4-Fixed) to PRECHARGE with 1'CK Preamble ...........cccceeeirniiieiiniiiiieiniiieeeeniieee e 243
Figure 191: WRITE (BL8/BC4-OTF) to Auto PRECHARGE with 1'CK Preamble ...........cccoccuveeiiniiieeenniiiieeennnee. 243
Figure 192: WRITE (BC4-Fixed) to Auto PRECHARGE with 1'CK Preamble ...........cccccceeemiiiiiiiniiieeenniiieeeneee. 244
Figure 193: WRITE (BL8/BC4-OTF) with 1'CK Preamble and DBI ............ccovviiiiiiiiiiieeeniieee e 245
Figure 194: WRITE (BC4-Fixed) with 1'CK Preamble and DBI ..........ccccccuiiiiiiiiiieiiiiiieeeniiieee e e 246
Figure 195: Consecutive Write (BL8) with 1'CK Preamble and CA Parity in Different Bank Group ..................... 247
Figure 196: Consecutive WRITE (BL8/BC4-OTF) with 1'CK Preamble and Write CRC in Same or Different Bank

L5 (o) 11 o TP PP P PPTOPPP 248
Figure 197: Consecutive WRITE (BC4-Fixed) with 1'CK Preamble and Write CRC in Same or Different Bank

L€ (o) 11 o T PP PPTOPPP 249
Figure 198: Nonconsecutive WRITE (BL8/BC4-OTF) with 1'CK Preamble and Write CRC in Same or Different

BanK GIOUP eieiiiiiiiiiiiiiii i 250
Figure 199: Nonconsecutive WRITE (BL8/BC4-OTF) with 2'CK Preamble and Write CRC in Same or Different

BanK GIOUP eeeiiiiiiiiiiiiiiii 251

Figure 200: WRITE (BL8/BC4-OTF/Fixed) with 1'CK Preamble and Write CRC in Same or Different Bank Group 252

CCMTD-1725822587-9046 1 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.
4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Figure 201: ZQ Calibration Timing ...t 255
Figure 202: Functional Representation of ODT ... 256
Figure 203: Synchronous ODT Timing with BL8 ... 259
Figure 204: Synchronous ODT with BG4 ... 259
Figure 205: ODT DUTNG REAAS ...ccooeiiiiiiiiiiiiiiiiiiiii 260
Figure 206: Dynamic ODT (1! CK Preamble; CL = 14, CWL =11, BL=8, AL = 0, CRC Disabled) ............c...cceeeuu.ue. 262
Figure 207: Dynamic ODT Overlapped with Rypnowm) (CL =14, CWL =11, BL =8, AL = 0, CRC Disabled) .......... 263
Figure 208: Asynchronous ODT Timings with DLL Off ... 264
Figure 209: Vggppq Voltage RANGE ...........oooiiiiiiiiiiiiii 267
Figure 210: RESET_n Input Slew Rate Definition ...........cccciiiiiii 270
Figure 211: Single-Ended Input Slew Rate Definition ..........ccccccciiiiii 272
Figure 212: DQ Slew Rate Definitions ...........cooiiiiiiiiiiiiiiii 275
Figure 213: Rx Mask Relative t0 IDS/TDH .....ccoviiiiiiiiiiiiieiiiiiiee ettt sttt e et e et e e sttt e e s siaeeeesabeeee 277
Figure 214: Rx Mask Without Write Training .........ccoooiiiiiiiiiiiiiiiiiii 278
Figure 215: TEN Input Slew Rate Definition ... 279
Figure 216: CT Type-A Input Slew Rate Definition ...........cccccoiiiiiiii 279
Figure 217: CT Type-B Input Slew Rate Definition ...........cccccociiii 280
Figure 218: CT Type-C Input Slew Rate Definition ...........ccccciiiiiii 281
Figure 219: CT Type-D Input Slew Rate Definition ............ccccccciii 281
Figure 220: Differential AC Swing and “Time Exceeding AC-Level” 'IDVAC .........ccoovuiieeimiiieeeiniiieeeeniieee e 282
Figure 221: Single-Ended Requirements for CK ... 284
Figure 222: Differential Input Slew Rate Definition for CK_t, CK_C ... 285
Figure 223: Vixcry DefINItION ......oooiiiiiiiii 285
Figure 224: Differential Input Signal Definition for DQS_t, DQS_C .....ccooiiiiiiiiiiiii 286
Figure 225: DQS_t, DQS_c Input Peak Voltage Calculation and Range of Exempt non-Monotonic Signaling ..... 287
Figure 226: Vixpgs DefINition ...t 288
Figure 227: Differential Input Slew Rate and Input Level Definition for DQS_t, DQS_c .........ccccccciiiin. 289
Figure 228: ADDR, CMD, CNTL Overshoot and Undershoot Definition ...............coeeeiiiiiiiiiiiiinneniiniiiiiiiiiee e 291
Figure 229: CK Overshoot and Undershoot Definition ...........c.cccccc 292
Figure 230: Data, Strobe, and Mask Overshoot and Undershoot Definition ..................cccccccc. 293
Figure 231: Single-ended Output Slew Rate Definition .............cccccccc 294
Figure 232: Differential Output Slew Rate Definition .............cccccoi 296
Figure 233: Reference Load For AC Timing and Output Slew Rate ...........cccccciiiiiiiii. 297
Figure 234: Connectivity Test Mode Reference Test Load ............ccccciiiiiiii 297
Figure 235: Connectivity Test Mode Output Slew Rate Definition .............ccccccc 298
Figure 236: Output Driver During Connectivity Test Mode ...........ccccciiiiiiiiiiiii 299
Figure 237: Output Driver: Definition of Voltages and CUITENTS ...ttt 300
Figure 238: ALSTt DIIVET ...ooiiiiiiiiiiiiiiiiiiiiiiiii 304
Figure 239: ODT Definition of Voltages and CUITENS ..........coooiiiiiiiiiiiiiiiiiiiiiiiii 305
Figure 240: ODT Timing Reference Load ............ccccciiiiiiiiiii 306
Figure 241: 'ADC Definition with Direct ODT CONEIOL ...cccovuviiiiiiiiiiiieiiiiiiee ettt e e 308
Figure 242: 'ADC Definition with Dynamic ODT CONLIOL ........ccoviuiiiiiiiiiiiiiiiiieeeeiieee e e e e 308
Figure 243: 'AOFAS and "AONAS Definitions ........cceeriuuriiiiiiiiieiiiiiieeeiiitee ettt e e e e st e e e eeesaeeees 309
Figure 244: Thermal Measurement POINT ...t 315
Figure 245: Measurement Setup and Test Load for Ippy, Ipppx, and Ippgx «eoveeeeveeennieeiiieiiiiciiiccciicceicc 316
Figure 246: Correlation: Simulated Channel I/O Power to Actual Channel I/O Power ............c.ccccccevein. 317
CCMTD-1725822587-9046 1 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features

List of Tables

Table 1: Key Timing PATAIMETETS ........uiieiiiiiiiiiiiiiie ettt ettt e e e et ettt e e e e e et eeetbbaae e e eeeeerestbnnaaaeeeeereens 2
TADLE 2: AQAIESSINIZ evvetiiiiiieee ettt ettt e e ettt ettt e e e e e e e etttbba e e e eeeeeratbbaa e e eeeeeeabtbnnaaeeeeeneans 2
1o SRR N ST 11 B D Tt oa ) ] (o) o 1RSSR 26
Table 4: State Diagram Command Definitions .........ccouuuiiuiiiiieiiiiiiiii et ere et e e e eeeens 37
Table 5: SUPPLY POWET-UP SIEW RATE ....cceiiiiiiiiiiiie e et e et ee et e e e e e e e e etbbbe e e eeeeeeens 39
Table 6: AAdress PIN IMADPINE .cevverruiiieeeiiiiiiiie ettt e ettt e e e et teett e e e e e et teettba e e eeeeeeesnbbaaaeeeeeeeans 47
Table 7: MRO Re@iSter DEfIMITION ....uuuuiieeiiiiiiiiiiiee ettt e ettt e e e e et eettb e e e e e e eeeebabbaaeeeeeeeens 47
Table 8: Burst Type and BUISt OTAET .......cccouuuiuuiiiieeeiiiiiiiiiee ettt e ettt e e e e e eteettbiaa e e eeeereetnnaaaaeeeeeeeens 49
Table 9: Address PIN MADPING ..ccvvurruiiieeeiiiiiiiie ettt e e ettt e e e e ettt ettt e e e e e et teettba e e eeeereesnbnaaaeeeeeeeaes 51
Table 10: MRI Register Definition .........ccooiiiiiiiiiie ittt e ettt e e e e e e e etbbbe e e e eeeeeens 51
Table 11: Additive Latency (AL) SETHIZS ...ccvvurruuieeeeiiiiiiiiiiee ettt e e ettt e e e e e eteettbie e e e eeereetnbaaaaeeeeeeeens 53
o) (I 2R N D IO NS 210 1's Vot (o) s WL F: 1w . N 54
Table 13: Address Pin IMAPPINg ..ceueuueieeeiiiiiiiiiiee ettt e ettt e e e ettt ettt e e e e e e eteettba e e eeeereennbbaaaeeeeeeeaes 55
Table 14: MR2 Register Definition .........ccoiviiiiiiiiie it e ettt e e e e e e e e etabbe e e e eeeeeens 55
Table 15: Address Pin IMAPPING ..ceeeuuiieeeiiiiiiiiiiiee ettt e ettt e e e e et eeett b e e e e e e e teettbaa e e eeeereesnbbaaaeeeeeeeees 58
Table 16: MR3 Register Definition .........ccoiiiiiiiiiiiei ittt e ettt e e e e e e etbbbe e e e eeeeeees 58
Table 17: Address Pin IMAPPING ..c.ueuueieeeiiiiiiiiiiee ettt e ettt e e e e et eeetbb e e e e eeeteettbaa e e eeeereetnnanaaeeeeeeeees 61
Table 18: MR4 Register DefiNition .........ccoeviiiiiiiiie it e ettt e e e e e e e etbbbe e e e eeeeeens 61
Table 19: Address Pin IMAPPING ..ceueuuuiieeeiiiiiiiiiiee ettt ettt e e e e ettt ettt e e e e e e e teettbaa e e eeeereetnbnnaaeeeeeeeees 65
Table 20: MR5 Register Definition .........ccoiiiiiiiiiiie ittt e ettt e e e e e e e etebbe e e e e eeeeens 65
Table 21: Address Pin IMAPPING ..ceveuuuiieeeiiiiiiiiiiee ettt e ettt e e e e et teett b e e e e eeeteettba e e eeeereesnbanaaeeeeeeeaes 68
Table 22: MR6 Register DefiNition .........ccoiviiiiiiiiie it e ettt e e e e e e etbbae e e e eeeeeens 68
Table 23: Truth Table — COMMANA ......cceeiiiiiiiiiiee et e ettt e e e e e e teettbie e e e eeereetnbaaaaeeeeeeeaes 71
Table 24: Truth Table — CKE .....coooiiiiiiiieii ettt e ettt e e e e et teettba e e e e eeeeeesnbaaaaeeeeeeeaes 73
Table 25: MR Settings for Leveling PrOCEAUIES .........cccuuuiiuiiiiiiiiiiiiiiiie ettt e e e et eeeeeeens 81
Table 26: DRAM TERMINATION Function in Leveling Mode ...........uuuiiiieiiiiiiiiiiiiie ettt eeeees 81
Table 27: Auto Self RefreSh MOAE .......coooiiiiiiiiiiiie et e ettt e e e e e e etbbae e e e e e eeeees 90
Table 28: MR3 Setting for the MPR ACCESS MOTE .....ccceveuiimiiiieiiiiiiiiiiiie ettt e ettt e e e e e et e e e eeeeeens 92
Table 29: DRAM Address to MPR UL Translation .........ccuueuuiiiieiiiiiiiiiiiee ettt ee ettt eereetneiie e e e e eeeens 92
Table 30: MPR Page and MPRX Definitions ........ccceeiiiiiiiiiiiiiiee et e et e e eeeeeees 93
Table 31: MPR Readout Serial FOITAL .......coovuiumiiiieiiiiiiiiiie ettt e ettt e e e e e e eeeebbe e e e eeeeeees 95
Table 32: MPR Readout — Paralle]l FOTTNAL .........uiieiiiiiiiiiiiiiee ettt e e ettt eeeereetebiie e e e eeeeeees 96
Table 33: MPR Readout Staggered FOIMAt, X4 .......cccooiiiiiiiiiiieeiiiiiiiiiie e ee ettt e e et teetttie e e e e e ereetabbiaaeeeeeeeens 97
Table 34: MPR Readout Staggered Format, x4 — Consecutive READS ........ccccouiiiiiiiiriiiiiiiiiiiiiiee e ee e 97
Table 35: MPR Readout Staggered Format, X8 and X16 .........cceeeieriiummmiiiireeiiiiiiiiiiiieeeeeeeeeiiiie e e e e ereeinniie e e eeeeeeens 98
Table 36: Mode Register Setting fOr CA PATItY ......cceeeeeiiiiiiiiiie ettt e ee ettt e e e e ettt e e e eeees 113
Table 37: Vygppg Range and LEeVEIS ... 123
Table 38: VREFDQ Settings (VDDQ I BV L PP PPN 129
Table 39: Connectivity Mode Pin Description and Switching Levels ...........ccccuuuiiiiiiiiiiiiiiiiiiieececeeiiiiie e 131
Table 40: PPR MRO GUATd Key SETHIES ...ccevverrriiiiieeeeiiiiiiiiiie ettt e ettt e e e et ettt e e e e eeeeeanbaa e eeeeees 135
Table 41: DDR4 hPPR Timing Parameters DDR4-1600 through DDR4-3200 .........uiieieiiiiiiiiiiiineeeeeeeiiiiiiieeeeeees 138
Table 42: SPPR ASSOCIAtEA ROWS .....euuuiieeeiiiiiiiiiiiie ettt ettt e e ettt ettt e e e e et eeetbbb e e e eeeeeeenbaaaeeeeeees 139
Table 43: PPR MRO GUATd Key SETHIES ...ccevverirmiiieeeeiiiiiiiiiiee ettt e ettt e e e e et ettt e e e e eeeeetnbaaeeeeeeees 140
Table 44: DDR4 sPPR Timing Parameters DDR4-1600 through DDR4-3200 .........ccoeiieiiiiiiiiiiineeeeeeeiiiiiiaeeeeeees 141
Table 45: DDR4 Repair Mode SUpport IAeNtifier ..........cooooiuiiiiiiiiiiiiiiee e e e e 141
Table 46: MAC Encoding of MPR Page 3 MPRS3 ..... oottt ettt e ettt e e e e e e e et e e e eeees 143
Table 47: Normal 'REFI Refresh (TCR DISADLEA) ....cuneneee et et aeaas 147
Table 48: Normal 'REFI Refresh (TCR ENADIEA) .....onniineee e e e e 148
Table 49: MRS DEfINTTION ....ceeiiiiiiiiiiiie ettt e e e et ettt e e e e et eettbbb e e eeeeeeeenbnaaeeeeeeaes 149
Table 50: REFRESH Command Truth Table .........cccooiiiiiiiiiiiiiii ettt 149
CCMTD-1725822587-9046 1 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Table 51: "REFT aNd TRFC PATAIMETETS .......evveeeeereierirriereeeeeiaanereereeeesssasanssssssesessssssssssssssesessssssssssssseeesssessnssnns 150
Table 52: Power-Down Entry Definitions ... 159
Table 53: CRC EITOr DeteCtion COVETAZE .....ccuuuuuueeeieeiiiiiiiiaeeeeeetettiiiiaeeeeeeeettttiiaaeeeeeeetetntaaeeeeeeetssnnaaeeeaeeees 170
Table 54: CRC Data Mapping for x4 Devices, BL8 .......ccouuiuiiiiiiiiiiiiiiiiiee ettt ettt eeeees 172
Table 55: CRC Data Mapping for X8 DevVices, BL8 ........ccuuuuiiiiiiiiiiiiiiiiiiee ettt e e ettt eeeees 172
Table 56: CRC Data Mapping for Xx16 Devices, BL8 .......c.uuuuiiiiiiiiiiiiiiiiiee ettt e e e ettt eeeees 173
Table 57: CRC Data Mapping for x4 DeVices, BC4 .......coouuiuiiiiiiiiiiiiiiiieee ettt e e e e e ettt e e eeeaees 173
Table 58: CRC Data Mapping for X8 DeVices, BC4 .......ccouuuuiiiiiiiiiiiiiiiiiiee ettt e e e ettt eeeeaees 174
Table 59: CRC Data Mapping for X16 Devices, BCA ......couuuuiiiiiiiiiiiiiiiiiee ettt e e e e ettt e e eeaees 175
Table 60: DBI vs. DM vs. TDQS FUNCHON MATTIX t..uiiiiiieeeiiiiieeeiiiieeeiiie e e ettt e eeetieeeeeaiieeeeessneeesanneaessnneesennnns 180
Table 61: DBIWrite, DQ Frame FOIMAt (X8) .........ceiieiuiieeiiiiieeiiiiiieeetiiieeeetiiieeesetniaeesesnnaeesssnnesessnneeesssnneeesssnnns 180
Table 62: DBIWrite, DQ Frame FOIMAt (X16) .......ceeieuuuieeeiiiieeeiiiiieeeeiiieeeetunieesesnieeseunnaeesesnneesssnneeesssnneeesssnnns 180
Table 63: DBI Read, DQ Frame FOIMAt (X8) ........uueiiiuiiiiiieiiieiiiieeeiieeetieeeti e et eeeteeette e st esstneestneesraeessaeessnneesens 181
Table 64: DBI Read, DQ Frame FOIMAt (X16) .......ueevuueeriuieeiieeiiieeeiieeetieeeiieesteeeteessteessieesstnessteesreessneessnnessens 181
Table 65: DM vs. TDQS vs. DBI FUNCHON IMALTIX t.uuivvuniiiieiiineeiie et eeiieeetie e et eeeieeeteeeaeesstneestneestneessnessneesens 182
Table 66: Data Mask, DQ Frame FOITAt (X8) ........ecvuueiiiuieeiieiiiieeeiieeeiieeetiieetineeeteessteessieesstneesteeesteeessneessnnessens 182
Table 67: Data Mask, DQ Frame FOITAt (X16) ......cccuueeriueiiuneeiiieeeiieeetieeetieesineeereessteessieerstnessneesraeesseessnessens 182
Table 68: CWL SELECTION ...uueiiiiiiiiiiiiiiee e ee ettt ettt e e e e et ettt e e e e e e eetttbaa e e e eeeeeetabtaa e eeeeeeessbbaaeaaaaaaes 185
Table 69: DDR4 Bank Group Timing EXamples ... 190
Table 70: Read-to-Write and Write-to-Read Command INtervals ...........ccoeeriiiiiiiiiieeeiiiiiiiiiiiine e eeees 195
Table 71: Termination State TADIE ..........coooiiiiiiiiiiiiiiiii et e e ettt e e e e eeettbbba e e eeeeees 257
Table 72: Read Termination Disable WINAOW ...........ccoiiuiiiiiiiriiiiiiiiiiiiiee et ettt e e e ee et eeeeaees 257
Table 73: ODT Latency at DDR4-1600/-1866/-2133/-2400/-2666/-3200 .......cccuuuuuiieeeeereiriiiiineeeeeeeeiiiiianeeeeeaees 258
Table 74: Dynamic ODT Latencies and Timing (1'CK Preamble Mode and CRC Disabled) ...........cccccceveeeeernnnns 261
Table 75: Dynamic ODT Latencies and Timing with Preamble Mode and CRC Mode MatriX ..........c.ceuuueeeeeeenees 262
Table 76: Absolute Maximuim RatiNES .......cceuuiuuuiireeiieiiiiiiiiiire ettt e et ettt e e e e e eeettabaia s e eeeeeeetabbaaaeeeeeeees 265
Table 77: TemMPErature RANGE .........uuuiiiiiiiiiiiiiieee ettt e et ettt e e e e e et etttbbia e e e eeeeebabbaaeeeeeaees 265
Table 78: Recommended Supply Operating CONAITIONS .......ceeeeieiiiiiiiiiineeeeeiiiiiiiiiere et eeeeeetbie e eeeeees 266
TADIE 79: VDD SIEW RALE .. cvviiiiiiiiieeiii e e et ettt e e e et ee e et e e e e e e et e e st e e et e e satesaaesataeestneestaessnessnneesens 266
TADLE 80: LEAKAZES .eevevrruieeeeiieiiiitiie ettt e ettt e e e e e et ettt e e e e e e e ettt b e e e e et ettt bbb e e e e e e e tbbbbb e eaeaees 267
Table 81: Vggppq SPECIfICATION ....oocviiiiiiiiiii 268
Table 82: Vggppg Range and LEeVelS ... 269
Table 83: RESET_n Input Levels (CMOS) ....ccoiiiiiiiiiiiiiiiiiiiiiiii 270
Table 84: Command and Address Input Levels: DDR4-1600 Through DDR4-2400 ...........ccccoeeiiiiiiiiiiiininnnnnn.. 270
Table 85: Command and Address Input Levels: DDRA-2666 ..........ccuuuuuiieiieiiiiiiiiiineeeeeeetiiiiiieeeeeeeetriiiineeeeeeees 271
Table 86: Command and Address Input Levels: DDR4-2933 and DDR4-3200 ........coeeeeiriiiiiiiineeeeeeeiiiiiiiaeeeeeees 271
Table 87: Single-Ended INPUL SIEW RAES ....cevvuuiiiieeiiiiiiiiiiiiiee ettt ettt e e ettt e e e e e eetetbba e e eeeaees 272
Table 88: Command and Address Setup and Hold Values Referenced — AC/DC-Based ..........cceeeeeveiviiiiiiineneenes 273
Table 89: Derating Values for 1S/TH — ACI00DC75-BaSEA .......uvvvvireeeeiiiiiiiiiieieeeeeeeeiiriieeeeeeesesnennrneeeeaesesesnnns 273
Table 90: Derating Values for TS/TH — AC90/DCB5-BASEA ........cuevririerieiiiiiiiieieeeeeieeiiiieeeeeeeesessnrrraeeeeeesessnnnns 274
Table 91: DQ Input ReCeiver SPECIiCATIONS .....uuuieeeiiiiiiiiiiiiiee ettt ettt e e e ettt e e e e eeetbbbba e e eeeeees 275
Table 92: Rx Mask and 'DS/'!DH without Write Training .........cccuvevieeeeeiiiiiiiiiieieeeeeeeciiiiieeeeeeeeessererneeeeeeeesennnnns 278
Table 93: TEN INPUt LEVELS (CIMIOS) ...uuiiiiiiiiiiiiieee ettt ettt e e et ettt e e e e e et ettabbia e e e e eeeetsabbaaaeeeeeaaes 278
Table 94: CTType-AINPUL LEVELS ...ccoooiiiiiiiiiiiiiiiiiiiiiiiiiiiii 279
Table 95: CT TYPe-B INPUL LEVELS ....uuuiiiiiiiiiiiiiiieee ettt ettt e e e e et ettt s e e e e eeettbbbaaeeeaeaees 280
Table 96: CT Type-C INput LeVels (CIMIOS) ..cevuiuuiiieiieiiiiiiiiieee ettt e ettt e e e e e et etttbaia s e e e eeeetsabbiaaeeeaeeees 280
Table 97: CT TYPe-D INPUL LEVELS .....uuiiiiiiiiiiiiiieee ettt e e e e et ettt e e e e e eeettabbineeeeeaees 281
Table 98: Differential Input Swing Requirements for CK_t, CK_C ...c..uuuuiiriiiiiiiiiiiiiiie ettt 282
Table 99: Minimum Time AC Time DVAC fOT CK ......oviiiieieiieiiiiiiieeeeeeesiiitieeeeeeeeseenraeeeeeesssesssssssaeeeeeesssasssnns 283
Table 100: Single-Ended Requirements fOr CK ..........oooiiiiiiiiiiiiiiiiiiiiiiiee ettt eeee et e eeeeees 284
Table 101: CK Differential Input Slew Rate Definition ............cccociiii 284
Table 102: Cross Point Voltage For CK Differential Input Signals at DDR4-1600 through DDR4-2400 ................ 286
CCMTD-1725822587-9046 1 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Table 103:
Table 104:
Table 105:
Table 106:
Table 107:
Table 108:
Table 109:

Features
Cross Point Voltage For CK Differential Input Signals at DDR4-2666 through DDR4-3200 ................ 286
DDR4-1600 through DDR4-2400 Differential Input Swing Requirements for DQS_t, DQS_c ............. 287
DDR4-2633 through DDR4-3200 Differential Input Swing Requirements for DQS_t, DQS_c ............. 287
Cross Point Voltage For Differential Input Signals DQS ...........ccccciiiiii 288
DQS Differential Input Slew Rate Definition ..............cccccc 289

DDR4-1600 through DDR4-2400 Differential Input Slew Rate and Input Levels for DQS_t, DQS_c ... 289
DDR4-2666 through DDR4-3200 Differential Input Slew Rate and Input Levels for DQS_t, DQS_c ... 290

Table 110: ADDR, CMD, CNTL Overshoot and Undershoot/Specifications ...............cccccccccii.. 291
Table 111: CK Overshoot and Undershoot/ SpecifiCations ...........ccuuuuuiiiriiiiiiiiiiiiiie et 292
Table 112: Data, Strobe, and Mask Overshoot and Undershoot/ Specifications .............ccouuueiiieeriiiiiiiiiiiinnnnnenees 293
Table 113: Single-Ended OUIPUL LEVELS .....coouuiiiiiiiiiiiiiiiiiiiiee ettt e e ettt e e e e eetebbbe e e eeeaees 293
Table 114: Single-Ended Output Slew Rate Definition ............coooiiiiiiiiiiiiiiiiiiiiiiiie e 294
Table 115: Single-Ended OUtPUL SIEW RATE ......uuiiiiiiiiiiiiiiiiiiee ettt ettt e e e e e e tetbin e e eeeeees 295
Table 116: Differential OUtPULt LEVELS ......ccoeiiiiiiiiiieeiieiiiiiiee ettt e ettt e e e e eeetebbbaeeeeeeees 295
Table 117: Differential Output Slew Rate Definition ...........cccccciiiiiiiiii 295
Table 118: Differential Output SIEW RAtE .....c.uuuuiiiriiiiiiiiiiiiiee ettt e ettt e e e e eeettbia e e eeeaees 296
Table 119: Connectivity Test Mode OUtPUL LEVELS .....cccouiuiiiiiiiiiiiiiiiiiee ettt e e ettt eeeees 297
Table 120: Connectivity Test Mode OUtput SIEW RAtE ........uuiiiiiiiiiiiiiiiiie ettt ettt eeeees 298
Table 121: Output Driver Electrical Characteristics During Connectivity Test Mode .............ccoeeeeiiiiiiiiiiiinneeenees 300
Table 122: Strong Mode (34Q) Output Driver Electrical Characteristics .........c...uuieeeeiiiiiiiiiiiiinneeiiieiiiiiiiee e 301
Table 123: Weak Mode (48Q) Output Driver Electrical CharacteristiCs ..........ccuuuuuuirererereiiiiiiiineeeeeeeiiiiiiiineeeeeeees 302
Table 124: Output Driver Sensitivity Definitions ...........ccccccciiiiii 303
Table 125: Output Driver Voltage and Temperature SENSIIVITY .....ceuuuuuirereieiiiiiiiiiiieeeeereiiiiiire e eeeeertiiee e eeeees 303
Table 126: Alert DIIVET VOITAZE .......ccoooiiiiiiiiiiiiiiiiiiiiiiiii 304
Table 127: ODT DC CharaCteTiSTICS .....ceeeeetttttiuiireeeeetitiiiiiaeeeeeetetttiiiaaeeeeetetttttieeeeeeetttaniaeeeeeeetrsannaeaaaeeees 305
Table 128: ODT Sensitivity Definitions .........ccoooiiiiiiiiiiiiiiii 306
Table 129: ODT Voltage and Temperature SENSItIVITY .........eeeeeeeiiiiiiuiiineeeeeietiiiiiireeeeeeeeiiiiiar e eeeeeetrtbiiaeeeaeeees 306
Table 130: ODT Timing Definitions ........coooiiiiiiiiiiiiiiiiiiiiii 307
Table 131: Reference Settings for ODT Timing Measurements ............cceeeeeeeeeiiiuiiiieeeeereeiiiiiineeeeeeeeriiiiaeeeeeeees 307
Table 132: DRAM Package Electrical Specifications for x4 and X8 DEVICES ...........ceeveeiiiiiiiiiiiiieeeiiieiiiiiiiieeeeeeeees 310
Table 133: DRAM Package Electrical Specifications for X16 DEVICES ........ccceeetriiiiiieeeieiiiiiiiiiine e eeeetiiiiiae e eeeees 311
Table 134: Pad INput/Output CAPACITANICE ...eevvuuuneeeeeiiiiiiiieeeeeeetetiiiiiee e e eeeeetttbiiaaeeeeeeetttntiaeeeeeeetrsninaaeaaaeeees 313
Table 135: Thermal CharaCteriSTICS ........cceettrituuiireeeeeiitiiiiee e et ettt e e e et etttbia e e e eeeeeeaebtaaaeeeeeeetstabaaeaaaaeees 314
Table 136: Basic Ipp, Ipp, and Ippg Measurement Conditions ..............cccveeiiiiiiiiiiiiiiiii 317
Table 137: Ippg and Ippg Measurement-Loop Patternl ............cccoiiiuiiiiiiiiiiiiieciie et 321
Table 138: Ipp; Measurement — LOOP Pattern] ...........cccuiiiiiiiiiiiiiiiiiic ettt e e evee e s 322
Table 139: Ippan, Ippsn, and Ippsp Measurement — LOOp Pattern! .............cocvieiiiiiiiieeiiie e 323
Table 140: Ippont and Ippgant Measurement — Loop PatteIn! ...ooooiiiiiiiiiii e 324
Table 141: Ippsgr Measurement — LOOP PAtTEINT ..........cccveiiiiiiiiiiiiiiii ettt e e e 325
Table 142: Ippsw Measurement — LOOP PAtteIN! ..........cc.oooiiiiiiiiiiiiiieciie ettt e e s 326
Table 143: Ippswe Measurement — LoOp Pattern! ............ccoovviiiiiiiiiiiicciie et 327
Table 144: Ippsg Measurement — LOOP PAtTEIN! ..........ccc.oiiiiiiiiiiiiiiiiicciie ettt eree e s 328
Table 145: Ipp; Measurement — LOOP PAtterN] ...........ccciiiiiiiiiiiiiiiiicciie ettt et e e eree e 329
Table 146: Timings used for Ipp, Ipp, and Ippg Measurement — Loop Patterns ............ccoceeeviieeiiiiniiiiniiccen. 330
Table 147: Ipp, Ipp, and Ippg Current Limits —ReV. A ........oooiiiiiiiiiiiiiiiiii 331
Table 148: Ipp, Ipp, and Ippg Current Limits —ReV. B .........ocoooiiiiiiiiiiiii 332
Table 149: Ipp, Ipp, and Ippg Current Limits —ReV. E .........ocociiiiiiiiiiiii 334
Table 150: Ipp, Ipp, and Ippg Current Limits —ReV. F ... 336
Table 151: DDRA4-1600 Speed Bins and Operating Conditions .............coeeeeeeiiiiiiiiiieeeeeieiiiiiiiine e eeeeeiiiiiaeeeeeeees 340
Table 152: DDRA4-1866 Speed Bins and Operating Conditions .............coeeeeeiiiiiiiiiiineeeeeeeiiiiiiiine e eeeeeviiiineeeeeeees 342
Table 153: DDRA4-2133 Speed Bins and Operating Conditions .............ceeeeeieiiiiiiiiineeeeeieiiiiiiiine e eeeeviiiineeeeeeees 344
Table 154: DDRA4-2400 Speed Bins and Operating Conditions .............coeeeeeeiiiiiiiiiieeeeereiiiiiiiine e e eeeeiiiiineeeeeeees 346
CCMTD-1725822587-9046 1 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Features
Table 155: DDRA4-2666 Speed Bins and Operating Conditions .............coveeeeeiiiiiiiiiieeeeereiiiiiiiire e eeeeeiiiiiaeeeeeeees 348
Table 156: DDR4-2933 Speed Bins and Operating Conditions .............coeeeeeiiiiiiiiiineeeeeieiiiiiiiire e eeeeeviiiisaeeeeeeees 351
Table 157: DDRA4-3200 Speed Bins and Operating Conditions .............coeeeeieieiiiiiiineeeeereiiiiiiine e eeeeeviiiiaeeeeeeees 354
Table 158: Refresh Parameters by Device DENSITY ......cccuuuuuiiiieiiiiiiiiiiiiiie ettt e e ettt eeeeees 356
Table 159: Electrical Characteristics and AC Timing Parameters: DDR4-1600 through DDR4-2400 ................... 357
Table 160: Electrical Characteristics and AC Timing Parameters ............ccoeeeeiiiiiiiiieeeieriiiiiiiiineeeeeeeeiiiiiieeeeeeeees 369
Table 161: OPtions — SPEEA BASEA ......cvviiiiiiiiiiiiiiee ettt ettt e e e et ettt e e e e eeetbbbbiaeeeaaaees 382
Table 162: Options —Width BaSed .........ccooiiiiiiiiiiiiiiiiiiiiie et e ettt e e e e e e ettt e e eeeeees 383
CCMTD-1725822587-9046 1 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

© 2014 Micron Technology, Inc. All rights reserved.



(E/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Important Notes and Warnings

Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this document,
including without limitation specifications and product descriptions. This document supersedes and replaces all
information supplied prior to the publication hereof. You may not rely on any information set forth in this docu-
ment if you obtain the product described herein from any unauthorized distributor or other source not authorized
by Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless specifi-
cally designated by Micron as automotive-grade by their respective data sheets. Distributor and customer/distrib-
utor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, death, or property damage resulting directly or indirectly from any use of non-
automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms and con-
ditions of sale between customer/distributor and any customer of distributor/customer (1) state that Micron
products are not designed or intended for use in automotive applications unless specifically designated by Micron
as automotive-grade by their respective data sheets and (2) require such customer of distributor/customer to in-
demnify and hold Micron harmless against all claims, costs, damages, and expenses and reasonable attorneys'
fees arising out of, directly or indirectly, any claim of product liability, personal injury, death, or property damage
resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Products are not authorized for use in applications in which failure of the Micron compo-
nent could result, directly or indirectly in death, personal injury, or severe property or environmental damage
("Critical Applications"). Customer must protect against death, personal injury, and severe property and environ-
mental damage by incorporating safety design measures into customer's applications to ensure that failure of the
Micron component will not result in such harms. Should customer or distributor purchase, use, or sell any Micron
component for any critical application, customer and distributor shall indemnify and hold harmless Micron and
its subsidiaries, subcontractors, and affiliates and the directors, officers, and employees of each against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, or death arising in any way out of such critical application, whether or not Mi-
cron or its subsidiaries, subcontractors, or affiliates were negligent in the design, manufacture, or warning of the
Micron product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT FAIL-
URE RATES AND LIMITED USEFUL LIVES. IT IS THE CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FOR THE CUSTOMER'S SYSTEM, APPLICATION, OR
PRODUCT. Customers must ensure that adequate design, manufacturing, and operating safeguards are included
in customer's applications and products to eliminate the risk that personal injury, death, or severe property or en-
vironmental damages will result from failure of any semiconductor component.

Limited Warranty. In no event shall Micron be liable for any indirect, incidental, punitive, special or consequential
damages (including without limitation lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such damages are based on tort, warranty,
breach of contract or other legal theory, unless explicitly stated in a written agreement executed by Micron's duly
authorized representative.

General Notes and Description

Description
The DDR4 SDRAM is a high-speed dynamic random-access memory internally config-
ured as an eight-bank DRAM for the x16 configuration and as a 16-bank DRAM for the
CCMTD-1725822587-9046 1 9 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



Aicron

4Gb: x4, x8, x16 DDR4 SDRAM
General Notes and Description

x4 and x8 configurations. The DDR4 SDRAM uses an 8n-prefetch architecture to ach-
ieve high-speed operation. The 8n-prefetch architecture is combined with an interface
designed to transfer two data words per clock cycle at the I/0 pins.

A single READ or WRITE operation for the DDR4 SDRAM consists of a single 87n-bit
wide, four-clock data transfer at the internal DRAM core and two corresponding n-bit
wide, one-half-clock-cycle data transfers at the I/0 pins.

Industrial Temperature

General Notes

An industrial temperature (IT) device option requires that the case temperature not ex-
ceed below —40°C or above 95°C. JEDEC specifications require the refresh rate to double
when T exceeds 85°C; this also requires use of the high-temperature self refresh option.
Additionally, ODT resistance and the input/output impedance must be derated when
operating outside of the commercial temperature range, when T is between —-40°C and
0°C.

* The functionality and the timing specifications discussed in this data sheet are for the
DLL enable mode of operation (normal operation), unless specifically stated other-
wise.

* Throughout the data sheet, the various figures and text refer to DQs as "DQ." The DQ
term is to be interpreted as any and all DQ collectively, unless specifically stated oth-
erwise.

e The terms "_t" and "_c" are used to represent the true and complement of a differen-
tial signal pair. These terms replace the previously used notation of "#" and/or over-
bar characters. For example, differential data strobe pair DQS, DQS# is now referred
to as DQS_t, DQS_c.

e The term "_n" is used to represent a signal that is active LOW and replaces the previ-
ously used "#" and/or overbar characters. For example: CS# is now referred to as
CS_n.

e The terms "DQS" and "CK" found throughout the data sheet are to be interpreted as
DQS_t, DQS_c and CK_t, CK_c respectively, unless specifically stated otherwise.

e Complete functionality may be described throughout the entire document; any page
or diagram may have been simplified to convey a topic and may not be inclusive of all
requirements.

* Any specific requirement takes precedence over a general statement.

* Any functionality not specifically stated here within is considered undefined, illegal,
and not supported, and can result in unknown operation.

e Addressing is denoted as BG[n] for bank group, BA[n] for bank address, and A[n] for
row/col address.

* The NOP command is not allowed, except when exiting maximum power savings
mode or when entering gear-down mode, and only a DES command should be used.

* Not all features described within this document may be available on the Rev. A (first)
version.

e Not all specifications listed are finalized industry standards; best conservative esti-
mates have been provided when an industry standard has not been finalized.

* Although it is implied throughout the specification, the DRAM must be used after Vpp
has reached the stable power-on level, which is achieved by toggling CKE at least once
every 8192 x 'REFI. However, in the event CKE is fixed HIGH, toggling CS_n at least
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once every 8192 x 'REFI is an acceptable alternative. Placing the DRAM into self re-
fresh mode also alleviates the need to toggle CKE.

Not all features designated in the data sheet may be supported by earlier die revisions
due to late definition by JEDEC.

A x16 device's DQ bus is comprised of two bytes. If only one of the bytes needs to be
used, use the lower byte for data transfers and terminate the upper byte as noted:

— Connect UDQS_t to VDDQ or VSS/ VSSQ via a resistor in the 200 Q range.

— Connect UDQS_c to the opposite rail via a resistor in the same 200Q2 range.
— Connect UDM to VDDQ via a large (10,000Q) pull-up resistor.

— Connect UDBI to VDDAQ via a large (10,000Q) pull-up resistor.

— Connect DQ [15:8] individually to VDDQ via a large (10,000Q) resistors, or float DQ
[15:8] .

Definitions of the Device-Pin Signal Level

HIGH: A device pin is driving the logic 1 state.

LOW: A device pin is driving the logic 0 state.

High-Z: A device pin is tri-state.

ODT: A device pin terminates with the ODT setting, which could be terminating or tri-
state depending on the mode register setting.

Definitions of the Bus Signal Level

HIGH: One device on the bus is HIGH, and all other devices on the bus are either ODT
or High-Z. The voltage level on the bus is nominally Vppq.

LOW: One device on the bus is LOW, and all other devices on the bus are either ODT
or High-Z. The voltage level on the bus is nominally Vo pc) if ODT was enabled, or
VSSQ if ngh-Z

High-Z: All devices on the bus are High-Z. The voltage level on the bus is undefined as
the bus is floating.

ODT: At least one device on the bus is ODT, and all others are High-Z. The voltage lev-
el on the bus is nominally Vppg.

The specification requires 8,192 refresh commands within 64ms between 0 °C and 85
°C. This allows for a ‘REFI of 7.8125ps (the use of "7.8us" is truncated from 7.8125us).
The specification also requires 8,192 refresh commands within 32ms between 85 °C
and 95 °C. This allows for a 'REFI of 3.90625ps (the use of "3.9us" is truncated from
3.90625)1s).

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

2 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2014 Micron Technology, Inc. All rights reserved.



Aicron

Functional Block Diagrams

4Gb: x4, x8, x16 DDR4 SDRAM

Functional Block Diagrams

DDR4 SDRAM is a high-speed, CMOS dynamic random access memory. It is internally
configured as an 16-bank (4-banks per Bank Group) DRAM.

Figure 2: 1 Gig x 4 Functional Block Diagram
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Functional Block Diagrams

Figure 4: 256 Meg x 16 Functional Block Diagram
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Ball Assignments

Ball Assignments

Figure 5: 78-Ball x4, x8 Ball Assignments
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Notes: 1. See Ball Descriptions.
2. Acomma “,"” separates the configuration; a slash “/” defines a selectable function. For
example: Ball A7 = NF, NF/DM_n/DBI_n/TDQS_t where NF applies to the x4 configuration
only. NF/DM_n/DBI_n/TDQS_t applies to the x8 configuration only and is selectable be-

tween NF, DM_n, DBI_n, or TDQS_t via MRS.

3. Address bits (including bank groups) are density- and configuration-dependent (see Ad-
dressing).
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Figure 6: 96-Ball x16 Ball Assignments

4Gb: x4, x8, x16 DDR4 SDRAM

Ball Assignments
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Notes: 1. See Ball Descriptions.

2. Aslash “/" defines a selectable function. For example: Ball E7 = NF/LDM_n. If data mask
is enabled via the MRS, ball E7 = LDM_n. If data mask is disabled in the MRS, E7 = NF (no
function).

3. Address bits (including bank groups) are density- and configuration-dependent (see Ad-

dressing).
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Ball Descriptions

The pin description table below is a comprehensive list of all possible pins for DDR4 de-
vices. All pins listed may not be supported on the device defined in this data sheet. See
the Ball Assignments section to review all pins used on this device.

Table 3: Ball Descriptions

4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Symbol

Type

Description

A[17:0]

Input

Address inputs: Provide the row address for ACTIVATE commands and the column
address for READ/WRITE commands to select one location out of the memory array in
the respective bank. (A10/AP, A12/BC_n, WE_n/A14, CAS_n/A15, RAS_n/A16 have addi-
tional functions, see individual entries in this table.) The address inputs also provide
the op-code during the MODE REGISTER SET command. A16 is used on some 8Gb and
16Gb parts, and A17 is only used on some 16Gb parts.

A10/AP

Input

Auto precharge: A10 is sampled during READ and WRITE commands to determine
whether auto precharge should be performed to the accessed bank after a READ or
WRITE operation. (HIGH = auto precharge; LOW = no auto precharge.) A10 is sam-
pled during a PRECHARGE command to determine whether the PRECHARGE applies
to one bank (A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged,
the bank is selected by the bank group and bank addresses.

A12/BC_n

Input

Burst chop: A12/BC_n is sampled during READ and WRITE commands to determine if
burst chop (on-the-fly) will be performed. (HIGH = no burst chop; LOW = burst chop-
ped). See the Command Truth Table.

ACT_n

Input

Command input: ACT_n indicates an ACTIVATE command. When ACT_n (along with
CS_n) is LOW, the input pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are treated as
row address inputs for the ACTIVATE command. When ACT_n is HIGH (along with
CS_n LOW), the input pins RAS_n/ A16, CAS_n/A15, and WE_n/A14 are treated as nor-
mal commands that use the RAS_n, CAS_n, and WE_n signals. See the Command
Truth Table.

BA[1:0]

Input

Bank address inputs: Define the bank (within a bank group) to which an ACTIVATE,
READ, WRITE, or PRECHARGE command is being applied. Also determines which
mode register is to be accessed during a MODE REGISTER SET command.

BG[1:0]

Input

Bank group address inputs: Define the bank group to which an ACTIVATE, READ,
WRITE, or PRECHARGE command is being applied. Also determines which mode regis-
ter is to be accessed during a MODE REGISTER SET command. BG[1:0] are used in the
x4 and x8 configurations. BG1 is not used in the x16 configuration.

CO/CKET,
C1/CS1_n,
C2/0DT1

Input

Stack address inputs: These inputs are used only when devices are stacked; that is,
they are used in 2H, 4H, and 8H stacks for x4 and x8 configurations (these pins are
not used in the x16 configuration). DDR4 will support a traditional DDP package,
which uses these three signals for control of the second die (CS1_n, CKE1, ODT1).
DDRA4 is not expected to support a traditional QDP package. For all other stack con-
figurations, such as a 4H or 8H, it is assumed to be a single-load (master/slave) type of
configuration where C0, C1, and C2 are used as chip ID selects in conjunction with a
single CS_n, CKE, and ODT signal.

CK_t,
CK_c

Input

Clock: Differential clock inputs. All address, command, and control input signals are
sampled on the crossing of the positive edge of CK_t and the negative edge of CK_c.
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4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Table 3: Ball Descriptions (Continued)

Symbol

Type

Description

CKE

Input

Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock sig-
nals, device input buffers, and output drivers. Taking CKE LOW provides PRECHARGE
POWER-DOWN and SELF REFRESH operations (all banks idle), or active power-down
(row active in any bank). CKE is asynchronous for self refresh exit. After Vrggca has
become stable during the power-on and initialization sequence, it must be main-
tained during all operations (including SELF REFRESH). CKE must be maintained HIGH
throughout read and write accesses. Input buffers (excluding CK_t, CK_c, ODT, RE-
SET_n, and CKE) are disabled during power-down. Input buffers (excluding CKE and
RESET_n) are disabled during self refresh.

CS_n

Input

Chip select: All commands are masked when CS_n is registered HIGH. CS_n provides
for external rank selection on systems with multiple ranks. CS_n is considered part of
the command code.

DM_n,
UDM_n
LDM_n

Input

Input data mask: DM_n is an input mask signal for write data. Input data is masked
when DM is sampled LOW coincident with that input data during a write access. DM
is sampled on both edges of DQS. DM is not supported on x4 configurations. The
UDM_n and LDM_n pins are used in the x16 configuration: UDM_n is associated with
DQ[15:8]; LDM_n is associated with DQ[7:0]. The DM, DBI, and TDQS functions are en-
abled by mode register settings. See the Data Mask section.

oDT

Input

On-die termination: ODT (registered HIGH) enables termination resistance internal
to the DDR4 SDRAM. When enabled, ODT (Ryy) is applied only to each DQ, DQS_t,
DQS_c, DM_n/DBI_n/TDQS_t, and TDQS_c signal for the x4 and x8 configurations
(when the TDQS function is enabled via mode register). For the x16 configuration, Ryt
is applied to each DQ, UDQS_t, UDQS_c, LDQS_t, LDQS_c, UDM_n, and LDM_n signal.
The ODT pin will be ignored if the mode registers are programmed to disable Ryt.

PAR

Input

Parity for command and address: This function can be enabled or disabled via the
mode register. When enabled, the parity signal covers all command and address in-
puts, including ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, A[17:0], A10/AP, A12/BC_n,
BA[1:0], and BG[1:0] with CO, C1, and C2 on 3DS only devices. Control pins NOT cov-
ered by the parity signal are CS_n, CKE, and ODT. Unused address pins that are densi-
ty- and configuration-specific should be treated internally as 0s by the DRAM parity
logic. Command and address inputs will have parity check performed when com-
mands are latched via the rising edge of CK_t and when CS_n is LOW.

RAS_n/A16,
CAS_n/A15,
WE_n/A14

Input

Command inputs: RAS_n/A16, CAS_n/A15, and WE_n/A14 (along with CS_n and
ACT_n) define the command and/or address being entered. See the ACT_n descrip-
tion in this table.

RESET_n

Input

Active LOW asynchronous reset: Reset is active when RESET_n is LOW, and inac-
tive when RESET_n is HIGH. RESET_n must be HIGH during normal operation. RESET_n
is a CMOS rail-to-rail signal with DC HIGH and LOW at 80% and 20% of Vpp (960 mV
for DC HIGH and 240 mV for DC LOW).

TEN

Input

Connectivity test mode: TEN is active when HIGH and inactive when LOW. TEN
must be LOW during normal operation. TEN is a CMOS rail-to-rail signal with DC
HIGH and LOW at 80% and 20% of Vpp (960mV for DC HIGH and 240mV for DC
LOW).
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4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Table 3: Ball Descriptions (Continued)

Symbol Type Description
DQ 110 Data input/output: Bidirectional data bus. DQ represents DQI[3:0], DQ[7:0], and
DQI15:0] for the x4, x8, and x16 configurations, respectively. If write CRC is enabled
via mode register, the write CRC code is added at the end of data burst. Any one or
all of DQO, DQ1, DQ2, and DQ3 may be used to monitor the internal Vgge level during
test via mode register setting MR[4] A[4] = HIGH, training times change when ena-
bled. During this mode, the Ryt value should be set to High-Z. This measurement is
for verification purposes and is NOT an external voltage supply pin.
DBI_n, I/0 DBI input/output: Data bus inversion. DBI_n is an input/output signal used for data

UDBI_n, bus inversion in the x8 configuration. UDBI_n and LDBI_n are used in the x16 configu-

LDBI_n ration; UDBI_n is associated with DQ[15:8], and LDBI_n is associated with DQ[7:0]. The
DBI feature is not supported on the x4 configuration. DBI is not supported for 3DS
devices and should be disabled in MR5. DBI can be configured for both READ (out-
put) and WRITE (input) operations depending on the mode register settings. The DM,
DBI, and TDQS functions are enabled by mode register settings. See the Data Bus In-
version section.

DQS_t, /0 Data strobe: Output with READ data, input with WRITE data. Edge-aligned with

DQS_c, READ data, centered-aligned with WRITE data. For the x16, LDQS corresponds to the

UDQS_t, data on DQ[7:0]; UDQS corresponds to the data on DQ[15:8]. For the x4 and x8 con-

UDQS_c, figurations, DQS corresponds to the data on DQ[3:0] and DQ[7:0], respectively. DDR4

LDQS_t, SDRAM supports a differential data strobe only and does not support a single-ended

LDQS_c data strobe.

ALERT_n Output |Alert output: This signal allows the DRAM to indicate to the system's memory con-
troller that a specific alert or event has occurred. Alerts will include the command/
address parity error and the CRC data error when either of these functions is enabled
in the mode register.

TDQS_t, Output |Termination data strobe: TDQS_t and TDQS_c are used by x8 DRAMs only. When

TDQS_c enabled via the mode register, the DRAM will enable the same Ryt termination resist-
ance on TDQS_t and TDQS_c that is applied to DQS_t and DQS_c. When the TDQS
function is disabled via the mode register, the DM/TDQS_t pin will provide the DATA
MASK (DM) function, and the TDQS_c pin is not used. The TDQS function must be dis-
abled in the mode register for both the x4 and x16 configurations. The DM function
is supported only in x8 and x16 configurations.

Vbp Supply Power supply: 1.2V +0.060V.
Vbbq Supply DQ power supply: 1.2V +0.060V.
Vpp Supply DRAM activating power supply: 2.5V -0.125V/+0.250V.
VREFCA Supply Reference voltage for control, command, and address pins.
Vss Supply Ground.
Vssq Supply DQ ground.
ZQ Reference |Reference ball for ZQ calibration: This ball is tied to an external 240Q resistor
(RZQ), which is tied to Vssq.
RFU - Reserved for future use.
NC - No connect: No internal electrical connection is present.
NF - No function: May have internal connection present but has no function.
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Package Dimensions

Package Dimensions

Figure 7: 78-Ball FBGA - x4, x8 "HX"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC305 (Pb-free 96.5% Sn, 3% Ag, 0.5% Cu).
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4Gb: x4, x8, x16 DDR4 SDRAM

Figure 8: 78-Ball FBGA - x4, x8 "RH"
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2. Solder ball material: SAC302 (Pb-free 96.8% Sn, 3% Ag, 0.2% Cu).
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All dimensions are in millimeters.
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Package Dimensions

Figure 9: 78-Ball FBGA - x4, x8 "WE"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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Package Dimensions

Figure 10: 78-Ball FBGA - x4, x8 "SA"
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2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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Package Dimensions

Figure 11: 96-Ball FBGA - x16 "HA"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC305 (Pb-free 96.5% Sn, 3% Ag, 0.5% Cu).
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Package Dimensions

Figure 12: 96-Ball FBGA - x16 "GE"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (Pb-free 96.8% Sn, 3% Ag, 0.3% Cu).
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Package Dimensions

Figure 13: 96-Ball FBGA - x16 "LY"
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State Diagram

State Diagram

This simplified state diagram provides an overview of the possible state transitions and
the commands to control them. Situations involving more than one bank, the enabling

or disabling of on-die termination, and some other events are not captured in full de-
tail.

Figure 14: Simplified State Diagram

From any state RESET SRX* = SRX with NOP

CKE_L
Power
applied
—»( Power-On
v
Refreshing
Active
power-
WRITE .. READ
WRITE A
PRE, PREA
PRE, PREA PRE, PREA Reading
: A a~
e e e Precharging .
__________________ Automatic
sequence
Command
B — .
sequence
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Table 4: State Diagram Command Definitions

4Gb: x4, x8, x16 DDR4 SDRAM

State Diagram

Command Description

ACT Active

MPR Multipurpose register

MRS Mode register set

PDE Enter power-down

PDX Exit power-down

PRE Precharge

PREA Precharge all

READ RD, RDS4, RDS8

READ A RDA, RDAS4, RDAS8

REF Refresh, fine granularity refresh
RESET Start reset procedure

SRE Self refresh entry

SRX Self refresh exit

TEN Boundary scan mode enable

WRITE WR, WRS4, WRS8 with/without CRC
WRITE A WRA, WRAS4, WRAS8 with/without CRC
ZQCL ZQ calibration long

ZQCS ZQ calibration short

Note:

1. See the Command Truth Table for more details.
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4Gb: x4, x8, x16 DDR4 SDRAM
Functional Description

Functional Description

The DDR4 SDRAM is a high-speed dynamic random-access memory internally config-
ured as sixteen banks (4 bank groups with 4 banks for each bank group) for x4/x8 devi-
ces, and as eight banks for each bank group (2 bank groups with 4 banks each) for x16
devices. The device uses double data rate (DDR) architecture to achieve high-speed op-
eration. DDR4 architecture is essentially an 8n-prefetch architecture with an interface
designed to transfer two data words per clock cycle at the I/0 pins. A single read or
write access for a device module effectively consists of a single 8n-bit-wide, four-clock-
cycle-data transfer at the internal DRAM core and eight corresponding n-bit-wide, one-
half-clock-cycle data transfers at the I/0 pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected lo-
cation and continue for a burst length of eight or a chopped burst of four in a program-
med sequence. Operation begins with the registration of an ACTIVE command, which is
then followed by a READ or WRITE command. The address bits registered coincident
with the ACTIVE command are used to select the bank and row to be accessed (BG[1:0]
select the bank group for x4/x8, and BGO selects the bank group for x16; BA[1:0] select
the bank, and A[17:0] select the row. See the Addressing section for more details). The
address bits registered coincident with the READ or WRITE command are used to select
the starting column location for the burst operation, determine if the auto PRECHARGE
command is to be issued (via A10), and select BC4 or BL8 mode on-the-fly (OTF) (via
A12) if enabled in the mode register.

Prior to normal operation, the device must be powered up and initialized in a prede-
fined manner. The following sections provide detailed information covering device reset
and initialization, register definition, command descriptions, and device operation.

NOTE: The use of the NOP command is allowed only when exiting maximum power
saving mode or when entering gear-down mode.
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RESET and Initialization Procedure

4Gb: x4, x8, x16 DDR4 SDRAM
RESET and Initialization Procedure

To ensure proper device function, the power-up and reset initialization default values
for the following mode register (MR) settings are defined as:

e Gear-down mode (MR3 A[3]): 0 =1/2 rate

Per-DRAM addressability (MR3 A[4]): 0 = disable

Maximum power-saving mode (MR4 A[1]): 0 = disable

CS to command/address latency (MR4 A[8:6]): 000 = disable
CA parity latency mode (MR5 A[2:0]): 000 = disable

Hard post package repair mode (MR4 A[13]): 0 = disable
Soft post package repair mode (MR4 A[5]): 0 = disable

Power-Up and Initialization Sequence

Note:

The following sequence is required for power-up and initialization:

1.

1.

Apply power (RESET_n and TEN should be maintained below 0.2 x Vpp while sup-
plies ramp up; all other inputs may be undefined). When supplies have ramped to
a valid stable level, RESET_n must be maintained below 0.2 x Vpp for a minimum
of PPW_RESET_L and TEN must be maintained below 0.2 x Vpp for a minimum of
700us. CKE is pulled LOW anytime before RESET_n is de-asserted (minimum time
of 10ns). The power voltage ramp time between 300mV to Vpp pin must be no
greater than 200ms, and during the ramp, Vpp must be greater than or equal to
Vbpq and (Vpp - Vppg) < 0.3V. Vpp must ramp at the same time or before Vpp, and
Vpp must be equal to or higher than Vpp at all times. After Vpp has ramped and
reached a stable level, RESET_n must go high within 10 minutes. After RESET_n
goes high, the initialization sequence must be started within 3 seconds. For debug
purposes, the 10 minute and 3 second delay limits may be extended to 60 minutes
each provided the DRAM is operated in this debug mode for no more than 360 cu-
mulative hours.

During power-up, the supply slew rate is governed by the limits stated in the table
below and either condition A or condition B listed below must be met.

Table 5: Supply Power-up Slew Rate

Symbol Min | Max |Unit|Comment

Vpp_SL, Vppq_SL, 0.004 | 600 |V/ms|Measured between 300mV and 80% of
Vpp_SL supply minimum

Vpp_oOna N/A 200 ms |Vpp maximum ramp time from 300mV to

Vpp minimum

Vbpg_onha N/A 200 ms |Vppq maximum ramp time from 300mV to
Vbpq minimum

20 MHz band-limited measurement.

e Condition A:
— Apply Vpp without any slope reversal before or at the same time as Vpp and
VDDQ'
- Vpp and Vppq are driven from a single-power converter output and apply
Vbp/Vppq without any slope reversal before or at the same time as Vpr and

VREFCA-
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RESET and Initialization Procedure

— The voltage levels on all balls other than Vpp, Vppg, Vss, and Vsgg must be less
than or equal to Vppq and Vpp on one side and must be greater than or equal
to Vggq and Vg on the other side.

— Vrris limited to 0.76V MAX when the power ramp is complete.

— VREFCA tracks VDD/Z-

e Condition B:

— Apply Vpp without any slope reversal before or at the same time as Vpp.

- Apply Vpp without any slope reversal before or at the same time as Vppq.

- Apply Vppq without any slope reversal before or at the same time as Vyr and
VREFCA-

— The voltage levels on all pins other than Vpp, Vpp, Vppg, Vss, and Vssg must be
less than or equal to Vppg and Vpp on one side and must be larger than or
equal to Vgsq and Vg on the other side.

2. After RESET n is de-asserted, wait for another 500us but no longer then 3 seconds
until CKE becomes active. During this time, the device will start internal state initi-
alization; this will be done independently of external clocks. A reasonable attempt
was made in the design to power up with the following default MR settings: gear-
down mode (MR3 A[3]): 0 = 1/2 rate; per-DRAM addressability (MR3 A[4]): 0 = dis-
able; maximum power-down (MR4 A[1]): 0 = disable; CS to command/address la-
tency (MR4 A[8:6]): 000 = disable; CA parity latency mode (MR5 A[2:0]): 000 = disa-
ble. However, it should be assumed that at power up the MR settings are unde-
fined and should be programmed as shown below.

3. Clocks (CK_t, CK_c) need to be started and stabilized for at least 10ns or 5 '‘CK
(whichever is larger) before CKE goes active. Because CKE is a synchronous signal,
the corresponding setup time to clock (IS) must be met. Also, a DESELECT com-
mand must be registered (with IS setup time to clock) at clock edge Td. After the
CKE is registered HIGH after RESET, CKE needs to be continuously registered
HIGH until the initialization sequence is finished, including expiration of ‘DLLK
and ZQinit.

4. The device keeps its ODT in High-Z state as long as RESET_n is asserted. Further,
the SDRAM keeps its ODT in High-Z state after RESET_n de-assertion until CKE is
registered HIGH. The ODT input signal may be in an undefined state until 'IS be-
fore CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal
may be statically held either LOW or HIGH. If Rrrnow, is to be enabled in MR1,
the ODT input signal must be statically held LOW. In all cases, the ODT input sig-
nal remains static until the power-up initialization sequence is finished, including
the expiration of 'DLLK and ZQinit.

5. After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, 'XPR, be-
fore issuing the first MRS command to load mode register (‘*XPR = MAX (XS, 5 x
{CK).

6. Issue MRS command to load MR3 with all application settings, wait ‘™MRD.

7. Issue MRS command to load MR6 with all application settings, wait ‘™MRD.

8. Issue MRS command to load MR5 with all application settings, wait ‘™MRD.

9. Issue MRS command to load MR4 with all application settings, wait ‘tMRD.

10. Issue MRS command to load MR2 with all application settings, wait '™MRD.
11. Issue MRS command to load MR1 with all application settings, wait ‘™MRD.
12. Issue MRS command to load MRO with all application settings, wait ‘MOD.
13. Issue a ZQCL command to start ZQ calibration.

14. Wait for '{DLLK and ZQinit to complete.
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4Gb: x4, x8, x16 DDR4 SDRAM
RESET and Initialization Procedure

15. The device will be ready for normal operation. Once the DRAM has been initial-
ized, if the DRAM is in an idle state longer than 960ms, then either (a) REF com-
mands must be issued within '‘REFI constraints (specification for posting allowed)
or (b) CKE or CS_n must toggle once within every 960ms interval of idle time. For
debug purposes, the 960ms delay limit maybe extended to 60 minutes provided
the DRAM is operated in this debug mode for no more than 360 cumulative hours.

A stable valid Vpp level is a set DC level (OHz to 250 KHz) and must be no less than
Vbp,min and no greater than Vpp nay. If the set DC level is altered anytime after initializa-
tion, the DLL reset and calibrations must be performed again after the new set DC level
is stable. AC noise of +60mV (greater than 250 KHz) is allowed on Vpp provided the
noise doesn't alter Vpp to less than Vpp iy or greater than Vpp max.

A stable valid Vppq level is a set DC level (0Hz to 250 KHz) and must be no less than
VbpQ,min and no greater than Vppg max. If the set DC level is altered anytime after initial-
ization, the DLL reset and calibrations must be performed again after the new set DC
level is stable. AC noise of +60mV (greater than 250 KHz) is allowed on Vppq provided
the noise doesn't alter Vpp( to less than Vppg min Or greater than Vppg max-

A stable valid Vpp level is a set DC level (0Hz to 250 KHz) and must be no less than
Vppmin and no greater than Vpp .. If the set DC level is altered anytime after initializa-
tion, the DLL reset and calibrations must be performed again after the new set DC level
is stable. AC noise of +120mV (greater than 250KHz) is allowed on Vpp provided the
noise doesn't alter Vpp to less than Vpp i, or greater than Vppyay.
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RESET and Initialization Procedure

Figure 15: RESET and Initialization Sequence at Power-On Ramping
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Notes: 1. From time point Td until Tk, a DES command must be applied between MRS and ZQCL
commands.

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

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

4. TEN is not shown; however, it is assumed to be held LOW.
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RESET Initialization with Stable Power Sequence

The following sequence is required for RESET at no power interruption initialization:
1. Assert RESET_n below 0.2 x Vppp any time when reset is needed (all other inputs
may be undefined). RESET_n needs to be maintained for minimum tPW_RESET.
CKE is pulled "LOW" before RESET_n being de-asserted (min. time 10 ns).
2. Follow Steps 2 to 10 in the Reset and Initialization Sequence at Power-on Ramping
procedure.

When the reset sequence is complete, all counters except the refresh counters have
been reset and the device is ready for normal operation.
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RESET and Initialization Procedure

Figure 16: RESET Procedure at Power Stable Condition
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commands.
2. MRS commands must be issued to all mode registers that have defined settings.
3. In general, there is no specific sequence for setting the MRS locations (except for de-
pendent or co-related features, such as ENABLE DLL in MR1 prior to RESET DLL in MRO,
for example).

4. TEN is not shown; however, it is assumed to be held LOW.
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Uncontrolled Power-Down Sequence

In the event of an uncontrolled ramping down of Vpp supply, Vpp is allowed to be less
than Vpp provided the following conditions are met:

* Condition A: Vpp and Vpp/Vppq are ramping down (as part of turning off) from nor-
mal operating levels.

¢ Condition B: The amount that Vpp may be less than Vpp/Vppq is less than or equal to
500mV.

e Condition C: The time Vpp may be less than Vpp is £10ms per occurrence with a total
accumulated time in this state <100ms.
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Programming Mode Registers

e Condition D: The time Vpp may be less than 2.0V and above V¢g while turning off is
<15ms per occurrence with a total accumulated time in this state <150ms.

Programming Mode Registers

For application flexibility, various functions, features, and modes are programmable in
seven mode registers (MRn) provided by the device as user defined variables that must
be programmed via a MODE REGISTER SET (MRS) command. Because the default val-
ues of the mode registers are not defined, contents of mode registers must be fully ini-
tialized and/or re-initialized; that is, they must be written after power-up and/or reset
for proper operation. The contents of the mode registers can be altered by re-executing
the MRS command during normal operation. When programming the mode registers,
even if the user chooses to modify only a sub-set of the MRS fields, all address fields
within the accessed mode register must be redefined when the MRS command is is-
sued. MRS and DLL RESET commands do not affect array contents, which means these
commands can be executed any time after power-up without affecting the array con-
tents.

The MRS command cycle time, '™MRD, is required to complete the WRITE operation to
the mode register and is the minimum time required between the two MRS commands
shown in the 'MRD Timing figure.

Some of the mode register settings affect address/command/control input functionali-
ty. In these cases, the next MRS command can be allowed when the function being up-
dated by the current MRS command is completed. These MRS commands don’t apply
{MRD timing to the next MRS command; however, the input cases have unique MR set-
ting procedures, so refer to individual function descriptions:

e Gear-down mode

* Per-DRAM addressability
e CMD address latency

e CA parity latency mode

* VRgrpq training value

* Vggrpq training mode

* VRrgrpq training range

Some mode register settings may not be supported because they are not required by
certain speed bins.
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Programming Mode Registers

Figure 17: tMRD Timing
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Notes: 1. This timing diagram depicts CA parity mode “disabled” case.
2. 'MRD applies to all MRS commands with the following exceptions:
Gear-down mode
CA parity latency mode
CMD address latency
Per-DRAM addressability mode
VRerpq training value, Vrgrpq training mode, and Vggrpq training range

The MRS command to nonMRS command delay, '™MOD, is required for the DRAM to
update features, except for those noted in note 2 in figure below where the individual
function descriptions may specify a different requirement. ‘™MOD is the minimum time
required from an MRS command to a nonMRS command, excluding DES, as shown in
the '™MOD Timing figure.

Figure 18: tMOD Timing
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l l l l l

d settings 2 2 Updating settings 2 2 New settings

Settings O

2 2 Time Break Don’t Care

Notes: 1. This timing diagram depicts CA parity mode “disabled” case.
2. 'MOD applies to all MRS commands with the following exceptions:
DLL enable, DLL RESET, Gear-down mode
VRerpq training value, internal Vgge training monitor, Vrerpq training mode, and Vgerpq
training range
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Programming Mode Registers

Maximum power savings mode , Per-DRAM addressability mode, and CA parity latency
mode

The mode register contents can be changed using the same command and timing re-
quirements during normal operation as long as the device is in idle state; that is, all
banks are in the precharged state with ‘RP satisfied, all data bursts are completed, and
CKE is HIGH prior to writing into the mode register. If the Rypnowm) feature is enabled in
the mode register prior to and/or after an MRS command, the ODT signal must contin-
uously be registered LOW, ensuring Ry is in an off state prior to the MRS command.
The ODT signal may be registered HIGH after 'MOD has expired. If the Ryrow feature
is disabled in the mode register prior to and after an MRS command, the ODT signal
can be registered either LOW or HIGH before, during, and after the MRS command. The
mode registers are divided into various fields depending on functionality and modes.

In some mode register setting cases, function updating takes longer than ‘MOD. This
type of MRS does not apply tMOD timing to the next valid command, excluding DES.
These MRS command input cases have unique MR setting procedures, so refer to indi-
vidual function descriptions.
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Mode Register 0

Mode Register 0

Mode register 0 (MRO) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MRO is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MRO Register
Definition table.

Table 6: Address Pin Mapping

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n

Mode | 21|20 (19|18 |17 | - - - [ 1311211 10| 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

Table 7: MRO Register Definition

Mode
Register

Description

21

RFU
0 = Must be programmed to 0
1 = Reserved

20:18

MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MR4
101 = MR5
110 = MR6
111 =DNU

17

N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

13,11:9

WR (WRITE recovery)/RTP (READ-to-PRECHARGE)
0000 = 10/ 5 clocks’

0001 =12/ 6 clocks

0010 = 14/ 7 clocks’

0011 =16/8/clocks

0100 = 18/ 9 clocks'

0101 =20 /10 clocks

0110 =24/ 12 clocks

0111 =22/11 clocks'

1000 = 26/ 13 clocks'

1001 = 28/ 14 clocks?

1010 through 1111 = Reserved

CCMTD-1725822587-9046
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Mode Register 0

Table 7: MRO Register Definition (Continued)

Mode
Register |Description
8 DLL reset
0=No
1=Yes
7 Test mode (TM) - Manufacturer use only

0 = Normal operating mode, must be programmed to 0

12, 6:4,2 |CAS latency (CL) - Delay in clock cycles from the internal READ command to first data-out
00000 = 9 clocks'

00001 = 10 clocks

00010 = 11 clocks’

00011 =12 clocks

00100 = 13 clocks'

00101 = 14 clocks

00110 = 15 clocks’

00111 = 16 clocks

01000 = 18 clocks

01001 = 20 clocks

01010 = 22 clocks

01011 = 24 clocks

01100 = 23 clocks'

01101 = 17 clocks’

01110 = 19 clocks’

01111 =21 clocks !

10000 = 25 clocks (3DS use only)
10001 = 26 clocks

10010 = 27 clocks (3DS use only)
10011 = 28 clocks

10100 = 29 clocks'

10101 = 30 clocks

10110 = 31 clocks’

10111 = 32 clocks

3 Burst type (BT) - Data burst ordering within a READ or WRITE burst access
0 = Nibble sequential
1 = Interleave

1:0 Burst length (BL) - Data burst size associated with each read or write access
00 = BL8 (fixed)

01 = BC4 or BL8 (on-the-fly)

10 = BC4 (fixed)

11 = Reserved

Notes: 1. Not allowed when 1/4 rate gear-down mode is enabled.

2. If WR requirement exceeds 28 clocks or RTP exceeds 14 clocks, WR should be set to 28
clocks and RTP should be set to 14 clocks.
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Burst Length, Type, and Order

4Gb: x4, x8, x16 DDR4 SDRAM
Mode Register 0

Accesses within a given burst may be programmed to sequential or interleaved order.
The ordering of accesses within a burst is determined by the burst length, burst type,
and the starting column address as shown in the following table. Burst length options
include fixed BC4, fixed BL8, and on-the-fly (OTF), which allows BC4 or BL8 to be selec-
ted coincidentally with the registration of a READ or WRITE command via A12/BC_n.

Table 8: Burst Type and Burst Order

Note 1 applies to the entire table

Startin
Burst READ/ Column Adtg:lress Burst Type = Sequential Burst Type = Interleaved
Length WRITE (A[2, 1, 0]) (Decimal) (Decimal) Notes
BC4 READ 000 0,123 TTTT 0,1,23TTTT 2,3
001 1,2,3,0, T T, T, T 1,0,3, 2, T T,TT 2,3
010 2,3,0,1,TTTT 2,3,0,1,T,TTT 2,3
011 3,0,1,2TTTT 3,2,1,0,T, T, T, T 2,3
100 4,56,7,TTTT 4,56,7,TTTT 2,3
101 56,7,4TTTT 54,76, TTTT 2,3
110 6,7,4,5TTTT 6,7,4,5TTTT 2,3
1711 7,4,56,TTTT 7,6,54TTTT 2,3
WRITE o,V,V 0,1,2 3 X, X, X, X 0,1,2 3, X, X, X, X 2,3
1,V,V 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X 2,3
BL8 READ 000 0,1,2,3,4,56,7 0,1,2,3,45,6,7
001 1,2,3,0,56,7,4 1,0,3,2,54,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
100 4,56,7,0,1,2,3 4,56,7,0,1,2,3
101 56,7,41,2,3,0 547,610,322
110 6,7,4,52,3,0,1 6,7,4,52,3,01
111 7.4,56,3,0,1,2 7,6,54,3,2,1,0
WRITE V,V,V 0,1,2,3,4,56,7 0,1,2,3,45,6,7 3
Notes: 1. 0...7 bit number is the value of CA[2:0] that causes this bit to be the first read during a

burst.

2. When setting burst length to BC4 (fixed) in MRO, the internal WRITE operation starts
two clock cycles earlier than for the BL8 mode, meaning the starting point for t'WR and
YWTR will be pulled in by two clocks. When setting burst length to OTF in MRO, the in-
ternal WRITE operation starts at the same time as a BL8 (even if BC4 was selected during
column time using A12/BC4_n) meaning that if the OTF MRO setting is used, the starting
point for 'WR and 'WTR will not be pulled in by two clocks as described in the BC4

(fixed) case.

3. T = Output driver for data and strobes are in High-Z.
V = Valid logic level (0 or 1), but respective buffer input ignores level on input pins.
X ="Don’t Care.”
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Mode Register 0

CAS Latency

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

Test Mode

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

Write Recovery (WR)/READ-to-PRECHARGE

The programmed write recovery (WR) value is used for the auto precharge feature along
with RP to determine '‘DAL. WR for auto precharge (MIN) in clock cycles is calculated
by dividing 'WR (in ns) by 'CK (in ns) and rounding up to the next integer: WR (MIN)
cycles = roundup (‘WR[ns]/'CK[ns]). The WR value must be programmed to be equal to
or larger than 'WR (MIN). When both DM and write CRC are enabled in the mode regis-
ter, the device calculates CRC before sending the write data into the array; ‘WR values
will change when enabled. If there is a CRC error, the device blocks the WRITE opera-
tion and discards the data.

Internal READ-to-PRECHARGE (RTP) command delay for auto precharge (MIN) in
clock cycles is calculated by dividing '‘RTP (in ns) by 'CK (in ns) and rounding up to the
next integer: RTP (MIN) cycles = roundup (‘RTP[ns]/'CK[ns]). The RTP value in the
mode register must be programmed to be equal to or larger than RTP (MIN). The pro-
grammed RTP value is used with 'RP to determine the ACT timing to the same bank.

DLL RESET

The DLL reset bit is self-clearing, meaning that it returns to the value of 0 after the DLL
RESET function has been issued. After the DLL is enabled, a subsequent DLL RESET
should be applied. Any time the DLL RESET function is used, 'DLLK must be met before
functions requiring the DLL can be used. Such as READ commands or synchronous
ODT operations, for example.
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Mode Register 1

Mode Register 1

Mode register 1 (MR1) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR1 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR1 Register
Definition table.

Table 9: Address Pin Mapping

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
bus n|_n|_n

Mode | 21|20 (19|18 |17 | - - - [ 1311211 10| 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

Table 10: MR1 Register Definition

Mode
Register |Description
21 RFU

0 = Must be programmed to 0
1 = Reserved

20:18 MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MR4
101 = MR5
110 = MR6
111 =DNU

17 N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

12 Data output disable (Qoff) — Output buffer disable

0 = Enabled (normal operation)
1 = Disabled (both ODI and Ryy)

11 Termination data strobe (TDQS) - Additional termination pins (x8 configuration only)
0 = TDQS disabled
1 =TDQS enabled
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4Gb: x4, x8, x16 DDR4 SDRAM
Mode Register 1

Table 10: MR1 Register Definition (Continued)

Mode
Register

Description

10,9, 8

Nominal ODT (Rrr(nom) — Data bus termination setting
000 = RTT(NOM) disabled

001 = RZQ/4 (60 ohm)

010 = RZQ/2 (120 ohm)

011 = RZQ/6 (40 ohm)

100 = RZQ/1 (240 ohm)

101 = RZQ/5 (48 ohm)

110 = RZQ/3 (80 ohm)

111 = RZQ/7 (34 ohm)

Write leveling (WL) - Write leveling mode
0 = Disabled (normal operation)
1 = Enabled (enter WL mode)

13,6, 5

DQ RX EQ

Default = 000; Must be programmed to 000 unless otherwise stated
001 = Reserved

010 = Reserved

011 = Reserved

100 = Reserved

101 = Reserved

110 = Reserved

111 = Reserved

4,3

Additive latency (AL) - Command additive latency setting
00 = 0 (AL disabled)

01=CL-1

10=CL-2

11 = Reserved

2,1

Output driver impedance (ODI) - Output driver impedance setting

00 = RZQ/7 (34 ohm)

01 = RZQ/5 (48 ohm)

10 = Reserved (Although not JEDEC-defined and not tested, this setting will provide RZQ/6 or 40 ohm)
11 = Reserved

DLL enable - DLL enable feature
0 = DLL disabled
1 = DLL enabled (normal operation)

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.

DLL Enable/DLL Disable

The DLL must be enabled for normal operation and is required during power-up initial-
ization and upon returning to normal operation after having the DLL disabled. During
normal operation (DLL enabled with MR1[0]) the DLL is automatically disabled when
entering the SELF REFRESH operation and is automatically re-enabled upon exit of the
SELF REFRESH operation. Any time the DLL is enabled and subsequently reset, 'DLLK
clock cycles must occur before a READ or SYNCHRONOUS ODT command can be is-
sued to allow time for the internal clock to be synchronized with the external clock. Fail-
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Mode Register 1

ing to wait for synchronization to occur may result in a violation of the ‘'DQSCK, ‘AON,
or 'AOF parameters.

During 'DLLK, CKE must continuously be registered HIGH. The device does not require
DLL for any WRITE operation, except when Rypwg) is enabled and the DLL is required
for proper ODT operation.

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

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

Output Driver Impedance Control

The output driver impedance of the device is selected by MR1[2,1], as shown in the MR1
Register Definition table.

OoDT RTT(NOM) Values

The device is capable of providing three different termination values: Ryrpark), Rrrovom),
and Rrrwgr). The nominal termination value, Rrpnowm), is programmed in MR1. A sepa-
rate value, Rypwr), may be programmed in MR2 to enable a unique Ry value when
ODT is enabled during WRITE operations. The Ryrwg) value can be applied during
WRITE commands even when Rrypow is disabled. A third Ryt value, Ryrpark, is pro-
gramed in MR5. Ryp(pari provides a termination value when the ODT signal is LOW.

Additive Latency

The ADDITIVE LATENCY (AL) operation is supported to make command and data
buses efficient for sustainable bandwidths in the device. In this operation, the device al-
lows a READ or WRITE command (either with or without auto precharge) to be issued
immediately after the ACTIVATE command. The command is held for the time of AL be-
fore it is issued inside the device. READ latency (RL) is controlled by the sum of the AL
and CAS latency (CL) register settings. WRITE latency (WL) is controlled by the sum of
the AL and CAS WRITE latency (CWL) register settings.

Table 11: Additive Latency (AL) Settings

A4 A3 AL

0 0 0 (AL disabled)

0 1 CL-1

1 0 CL-2

1 1 Reserved

Note: 1. AL has a value of CL- 1 or CL - 2 based on the CL values programmed in the MRO regis-
ter.
DQ RX EQ
These settings are reserved for DQ Equalization functionality.
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Write Leveling

Output Disable

4Gb: x4, x8, x16 DDR4 SDRAM
Mode Register 1

For better signal integrity, the device uses fly-by topology for the commands, addresses,
control signals, and clocks. Fly-by topology benefits from a reduced number of stubs
and their lengths, but it causes flight-time skew between clock and strobe at every
DRAM on the DIMM. This makes it difficult for the controller to maintain 'DQSS, ‘DSS,
and 'DSH specifications. Therefore, the device supports a write leveling feature that al-
lows the controller to compensate for skew.

The device outputs may be enabled/disabled by MR1[12] as shown in the MR1 Register
Definition table. When MR1[12] is enabled (MR1[12] = 1) all output pins (such as DQ
and DQS) are disconnected from the device, which removes any loading of the output
drivers. For example, this feature may be useful when measuring module power. For
normal operation, set MR1[12] to 0.

Termination Data Strobe

Termination data strobe (TDQS) is a feature of the x8 device and provides additional
termination resistance outputs that may be useful in some system configurations. Be-
cause this function is available only in a x8 configuration, it must be disabled for x4 and
x16 configurations.

While TDQS is not supported in x4 or x16 configurations, the same termination resist-
ance function that is applied to the TDQS pins is applied to the DQS pins when enabled
via the mode register.

The TDQS, DBI, and DATA MASK (DM) functions share the same pin. When the TDQS
function is enabled via the mode register, the DM and DBI functions are not supported.
When the TDQS function is disabled, the DM and DBI functions can be enabled sepa-
rately.

Table 12: TDQS Function Matrix

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

Mode Register 2

Mode register 2 (MR2) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR2 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR2 Register

Definition table.

Table 13: Address Pin Mapping

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[|A11|A10| A9 | A8 | A7 | A6 | A5 | Ad| A3 | A2 | A1 | AO
bus n|_n|_n

Mode | 21|20 (19|18 |17 | - - - 13112 1" 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

Table 14: MR2 Register Definition

Mode
Register |Description
21 RFU

0 = Must be programmed to 0
1 = Reserved

20:18 | MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MR4
101 = MR5
110 = MR6
111 = DNU

17 N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

13 RFU
0 = Must be programmed to 0
1 = Reserved

12 WRITE data bus CRC
0 = Disabled
1 = Enabled
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Mode Register 2

Table 14: MR2 Register Definition (Continued)

Mode
Register |Description

11:9 Dynamic ODT (Rrr(wg)) — Data bus termination setting during WRITEs
000 = Ryr(we) disabled (WRITE does not affect Ryt value)

001 = RZQ/2 (120 ohm)

010 = RZQ/1 (240 ohm)

011 = High-Z

100 = RZQ/3 (80 ohm)

101 = Reserved

110 = Reserved

111 = Reserved

7:6 Low-power auto self refresh (LPASR) - Mode summary

00 = Manual mode - Normal operating temperature range (T¢: 0°C-85°C)
01 = Manual mode - Reduced operating temperature range (T¢c: 0°C-45°C)
10 = Manual mode - Extended operating temperature range (T¢: 0°C-95°C)
11 = ASR mode - Automatically switching among all modes

5:3 CAS WRITE latency (CWL) - Delay in clock cycles from the internal WRITE command to first data-in
1'CK WRITE preamble

000 = 9 (DDR4-1600)"

001 = 10 (DDR4-1866)

010 = 11 (DDR4-2133/1600)"

011 = 12 (DDR4-2400/1866)

100 = 14 (DDR4-2666/2133)

101 = 16 (DDR4-2933,3200/2400)

110 = 18 (DDR4-2666)

111 = 20 (DDR4-2933, 3200)

CAS WRITE latency (CWL) - Delay in clock cycles from the internal WRITE command to first data-in
2tCK WRITE preamble

000 = N/A

001 = N/A

010 =N/A

011 =N/A

100 = 14 (DDR4-2400)

101 = 16 (DDR4-2666/2400)

110 = 18 (DDR4-2933, 3200/2666)

111 = 20 (DDR4-2933, 3200)

8,2 RFU

0 = Must be programmed to 0
1 = Reserved

1:0 RFU

0 = Must be programmed to 0
1 = Reserved

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.
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CAS WRITE Latency

CAS WRITE latency (CWL) is defined by MR2[5:3] as shown in the MR2 Register Defini-

tion table. CWL is the delay, in clock cycles, between the internal WRITE command and
the availability of the first bit of input data. The device does not support any half-clock

latencies. The overall WRITE latency (WL) is defined as additive latency (AL) + parity la-
tency (PL) + CASWRITE latency (CWL): WL = AL +PL + CWL.

Low-Power Auto Self Refresh

Low-power auto self refresh (LPASR) is supported in the device. Applications requiring
SELF REFRESH operation over different temperature ranges can use this feature to opti-
mize the Ippg current for a given temperature range as specified in the MR2 Register
Definition table.

Dynamic ODT

In certain applications and to further enhance signal integrity on the data bus, it is de-
sirable to change the termination strength of the device without issuing an MRS com-
mand. This may be done by configuring the dynamic ODT (Rypwg)) settings in
MR2[11:9]. In write leveling mode, only Ryrnow is available.

Write Cyclic Redundancy Check Data Bus

The write cyclic redundancy check (CRC) data bus feature during writes has been added
to the device. When enabled via the mode register, the data transfer size goes from the
normal 8-bit (BL8) frame to a larger 10-bit UI frame, and the extra two Uls are used for
the CRC information.
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4Gb: x4, x8, x16 DDR4 SDRAM

Mode Register 3

Mode register 3 (MR3) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR3 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR3 Register

Definition table.

Table 15: Address Pin Mapping

bus

n n n

Address |BG1|BGO|BA1|BAO|A17 |[RAS|CAS|WE |A13|A12|A11

A10

A9

A8

A7

A6

A5 | A4 | A3 | A2 | AT | AO

Mode | 21
register

20 {19 | 18 | 17 | - - - | 13|12

11

10

Table 16: M

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

R3 Register Definition

Mode
Register

Description

21

RFU
0 = Must be programmed to 0
1 = Reserved

20:18

MR select
000 = MRO
001 = MR1
010 = MR2
011 = MR3
100 = MR4
101 = MR5
110 = MR6
111 =DNU

17

N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

13

RFU
0 = Must be programmed to 0
1 = Reserved

12:11

Multipurpose register (MPR) - Read format
00 = Serial

01 = Parallel

10 = Staggered

11 = Reserved

10:9

WRITE CMD latency when CRC/DM enabled
00 = 4CK (DDR4-1600)

01 = 5CK (DDR4-1866/2133/2400/2666)

10 = 6CK (DDR4-2933/3200)

11 = Reserved
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Table 16: MR3 Register Definition (Continued)

Mode
Register |Description
8:6 Fine granularity refresh mode
000 = Normal mode (fixed 1x)
001 = Fixed 2x
010 = Fixed 4x

011 = Reserved
100 = Reserved
101 = On-the-fly 1x/2x
110 = On-the-fly 1x/4x
111 = Reserved

0 =[1:1]; (1/2 rate data)
1 =[2:1]; (1/4 rate data)

5 Temperature sensor status
0 = Disabled
1 = Enabled
4 Per-DRAM addressability
0 = Normal operation (disabled)
1 = Enable
3 Gear-down mode - Ratio of internal clock to external data rate

2 Multipurpose register (MPR) access
0 = Normal operation
1 = Data flow from MPR

1:0 MPR page select
00 = Page 0
01 =Page 1
10 = Page 2

11 = Page 3 (restricted for DRAM manufacturer use only)

Multipurpose Register

The multipurpose register (MPR) is used for several features:

* Readout of the contents of the MRn registers

e WRITE and READ system patterns used for data bus calibration
* Readout of the error frame when the command address parity feature is enabled

To enable MPR, issue an MRS command to MR3[2] = 1. MR3[12:11] define the format of
read data from the MPR. Prior to issuing the MRS command, all banks must be in the
idle state (all banks precharged and ‘RP met). After MPR is enabled, any subsequent RD
or RDA commands will be redirected to a specific mode register.

The mode register location is specified with the READ command using address bits. The
MR is split into upper and lower halves to align with a burst length limitation of 8. Pow-
er-down mode, SELF REFRESH, and any other nonRD/RDA or nonWR/WRA com-
mands are not allowed during MPR mode. The RESET function is supported during
MPR mode, which requires device re-initialization.
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WRITE Command Latency When CRC/DM is Enabled

The WRITE command latency (WCL) must be set when both write CRC and DM are en-
abled for write CRC persistent mode. This provides the extra time required when com-
pleting a WRITE burst when write CRC and DM are enabled. This means at data rates
less than or equal to 1600 MT/s then 4nCK is used, 5nCK or 6nCK are not allowed; at
data rates greater than 1600 MT/s and less than or equal to 2666 MT/s then 5nCK is
used, 4nCK or 6nCK are not allowed; and at data rates greater than 2666 MT/s and less
than or equal to 3200 MT/s then 6nCK is used; 4nCK or 5nCK are not allowed.

Fine Granularity Refresh Mode

This mode had been added to DDR4 to help combat the performance penalty due to
refresh lockout at high densities. Shortening '‘RFC and decreasing cycle time allows
more accesses to the chip and allows for increased scheduling flexibility.

Temperature Sensor Status

This mode directs the DRAM to update the temperature sensor status at MPR Page 2,
MPRO [4,3]. The temperature sensor setting should be updated within 32ms; when an
MPR read of the temperature sensor status bits occurs, the temperature sensor status
should be no older than 32ms.

Per-DRAM Addressability

This mode allows commands to be masked on a per device basis providing any device
in a rank (devices sharing the same command and address signals) to be programmed
individually. As an example, this feature can be used to program different ODT or Vygr
values on DRAM devices within a given rank.

Gear-Down Mode

The device defaults in 1/2 rate (1N) clock mode and uses a low frequency MRS com-
mand followed by a sync pulse to align the proper clock edge for operating the control
lines CS_n, CKE, and ODT when in 1/4 rate (2N) mode. For operation in 1/2 rate mode,
no MRS command or sync pulse is required.
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Mode Register 4

Mode register 4 (MR4) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR4 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR4 Register
Definition table.

Table 17: Address Pin Mapping

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[|A11|A10| A9 | A8 | A7 | A6 | A5 | Ad| A3 | A2 | A1 | AO
bus n|_n|_n

Mode | 21|20 (19|18 |17 | - - - [ 1311211 10| 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET (MRS) command.

Table 18: MR4 Register Definition

Mode
Register

Description

21

RFU
0 = Must be programmed to 0
1 = Reserved

20:18

MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MIR4
101 = MR5
110 = MR6
111 =DNU

17

N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

13

Hard Post Package Repair (hPPR mode)
0 = Disabled
1 = Enabled

12

WRITE preamble setting
0 = 1'CK toggle’
1 = 2'CK toggle

11

READ preamble setting

0 = 1'CK toggle’

1 = 2'CK toggle (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 *CK range.)

10

READ preamble training
0 = Disabled
1 = Enabled
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Table 18: MR4 Register Definition (Continued)

4Gb: x4, x8, x16 DDR4 SDRAM
Mode Register 4

Mode
Register

Description

9

Self refresh abort mode
0 = Disabled
1 = Enabled

8:6

CMD (CAL) address latency
000 = 0 clocks (disabled)

001 =3 clocks'

010 = 4 clocks

011 =5 clocks’

100 = 6 clocks

101 = 8 clocks

110 = Reserved

111 = Reserved

soft Post Package Repair (sPPR mode)
0 = Disabled
1 = Enabled

Internal Vggr monitor
0 = Disabled
1 = Enabled

Temperature controlled refresh mode
0 = Disabled
1 = Enabled

Temperature controlled refresh range
0 = Normal temperature mode
1 = Extended temperature mode

Maximum power savings mode
0 = Normal operation
1 = Enabled

RFU
0 = Must be programmed to 0
1 = Reserved

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.

Hard Post Package Repair Mode

The hard post package repair (hPPR) mode feature is JEDEC optional for 4Gb DDR4
memories. Performing an MPR read to page 2 MPRO [7] indicates whether hPPR mode is
available (A7 = 1) or not available (A7 = 0). hPPR mode provides a simple and easy repair
method of the device after placed in the system. One row per bank can be repaired. The
repair process is irrevocable so great care should be exercised when using.

Soft Post Package Repair Mode

The soft post package repair (sSPPR) mode feature is JEDEC optional for 4Gb and 8Gb
DDR4 memories. Performing an MPR read to page 2 MPRO [6] indicates whether sPPR
mode is available (A6 = 1) or not available (A6 = 0). sPPR mode provides a simple and
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Mode Register 4

easy repair method of the device after placed in the system. One row per bank can be
repaired. The repair process is revocable by either doing a reset or power-down or by
rewriting a new address in the same bank.

WRITE Preamble

Programmable WRITE preamble, 'WPRE, can be set to 1'CK or 2'CK via the MR4 register.
The 1'CK setting is similar to DDR3. However, when operating in 2'CK WRITE preamble
mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting supported in the applicable ‘CK range.

When operating in 2)CK WRITE preamble mode, CWL must be programmed to a value
at least 1 clock greater than the lowest CWL setting supported in the applicable ‘CK
range. Some even settings will require addition of 2 clocks. If the alternate longer CWL
was used, the additional clocks will not be required.

READ Preamble

Programmable READ preamble ‘RPRE can be set to 1!CK or 2'CK via the MR4 register.
Both the 1'CK and 2'CK DDR4 preamble settings are different from that defined for the
DDR3 SDRAM. Both DDR4 READ preamble settings may require the memory controller
to train (or read level) its data strobe receivers using the READ preamble training.

READ Preamble Training

Programmable READ preamble training can be set to 1'CK or 2'CK. This mode can be
used by the memory controller to train or READ level its data strobe receivers.

Temperature-Controlled Refresh

When temperature-controlled refresh mode is enabled, the device may adjust the inter-
nal refresh period to be longer than '‘REFI of the normal temperature range by skipping

external REFRESH commands with the proper gear ratio. For example, the DRAM tem-

perature sensor detected less than 45°C. Normal temperature mode covers the range of
0°C to 85°C, while the extended temperature range covers 0°C to 95°C.

Command Address Latency

COMMAND ADDRESS LATENCY (CAL) is a power savings feature and can be enabled
or disabled via the MRS setting. CAL is defined as the delay in clock cycles (\CAL) be-
tween a CS_n registered LOW and its corresponding registered command and address.
The value of CAL (in clocks) must be programmed into the mode register and is based
on the roundup (in clocks) of [{CK(ns)/'CAL(ns)].

Internal Vgge Monitor

This mode enables output of internally generated Vggrpq for monitoring on DQO, DQI,
DQ2, and DQ3. May be used during Vggrpq training and test. While in this mode, Ryt
should be set to High-Z. Vggg (ime must be increased by 10ns if DQ load is OpE plus an
additional 15ns per pF of loading. This measurement is for verification purposes and is
NOT an external voltage supply pin.
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Maximum Power Savings Mode

This mode provides the lowest power mode where data retention is not required. When
the device is in the maximum power saving mode, it does not need to guarantee data
retention or respond to any external command (except the MAXIMUM POWER SAVING
MODE EXIT command and during the assertion of RESET_n signal LOW).
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4Gb: x4, x8, x16 DDR4 SDRAM

Mode Register 5

Mode register 5 (MR5) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR5 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR5 Register

Definition table.

Table 19: Address Pin Mapping

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[|A11|A10| A9 | A8 | A7 | A6 | A5 | Ad| A3 | A2 | A1 | AO
bus n|_n|_n

Mode | 21|20 (19|18 |17 | - - - [ 1311211 10| 9 8 7 6 5 4 3 2 1 0
register

Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

Table 20: MR5 Register Definition

Mode
Register

Description

21

RFU
0 = Must be programmed to 0
1 = Reserved

20:18

MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MR4
101 = MR5
110 = MR6
111 =DNU

17

N/A on 4Gb and 8Gb, RFU
0 = Must be programmed to 0
1 = Reserved

13

RFU
0 = Must be programmed to 0
1 = Reserved

12

Data bus inversion (DBI) - READ DBI enable
0 = Disabled
1 = Enabled

11

Data bus inversion (DBI) - WRITE DBI enable
0 = Disabled
1 = Enabled

10

Data mask (DM)
0 = Disabled
1 = Enabled
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Table 20: MR5 Register Definition (Continued)

Mode
Register |Description
9 CA parity persistent error mode
0 = Disabled
1 = Enabled
8:6 Parked ODT value (Ry(park))

000 = RTT(Park) disabled
001 = RZQ/4 (60 ohm)
010 = RZQ/2 (120 ohm)
011 = RZQ/6 (40 ohm)
100 = RZQ/1 (240 ohm)
101 = RZQ/5 (48 ohm)
110 = RZQ/3 (80 ohm)
111 = RZQ/7 (34 ohm)

5 ODT input buffer for power-down
0 = Buffer enabled

1 = Buffer disabled

4 CA parity error status
0 = Clear

1 = Error

3 CRC error status
0 = Clear
1 =Error

2:0 CA parity latency mode

000 = Disable

001 =4 clocks (DDR4-1600/1866/2133)
010 = 5 clocks (DDR4-2400/2666)"

011 = 6 clocks (DDR4-2933/3200)

100 = Reserved

101 = Reserved

110 = Reserved

111 = Reserved

Note: 1. Not allowed when 1/4 rate gear-down mode is enabled.

Data Bus Inversion

The DATA BUS INVERSION (DBI) function has been added to the device and is suppor-
ted only for x8 and x16 configurations (x4 is not supported). The DBI function shares a
common pin with the DM and TDQS functions. The DBI function applies to both READ
and WRITE operations; Write DBI cannot be enabled at the same time the DM function
is enabled. Refer to the TDQS Function Matrix table for valid configurations for all three
functions (TDQS/DM/DBI). DBI is not allowed during MPR READ operation; during an
MPR read, the DRAM ignores the read DBI enable setting in MR5 bit A12. DBI is not al-
lowed during MPR READ operations.

DBI is not supported for 3DS devices and should be disabled in MR5.
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Data Mask

The DATA MASK (DM) function, also described as a partial write, has been added to the
device and is supported only for x8 and x16 configurations (x4 is not supported). The
DM function shares a common pin with the DBI and TDQS functions. The DM function
applies only to WRITE operations and cannot be enabled at the same time the write DBI
function is enabled. Refer to the TDQS Function Matrix table for valid configurations for
all three functions (TDQS/DM/DBI).

CA Parity Persistent Error Mode

Normal CA parity mode (CA parity persistent mode disabled) no longer performs CA
parity checking while the parity error status bit remains set at 1. However, with CA pari-
ty persistent mode enabled, CA parity checking continues to be performed when the
parity error status bitis settoa 1.

ODT Input Buffer for Power-Down

This feature determines whether the ODT input buffer is on or off during power-down.
If the input buffer is configured to be on (enabled during power-down), the ODT input
signal must be at a valid logic level. If the input buffer is configured to be off (disabled
during power-down), the ODT input signal may be floating and the device does not pro-
vide Ryrnowm termination. However, the device may provide Ryppari termination de-
pending on the MR settings. This is primarily for additional power savings.

CA Parity Error Status

The device will set the error status bit to 1 upon detecting a parity error. The parity error
status bit remains set at 1 until the device controller clears it explicitly using an MRS
command.

CRC Error Status

The device will set the error status bit to 1 upon detecting a CRC error. The CRC error
status bit remains set at 1 until the device controller clears it explicitly using an MRS
command.

CA Parity Latency Mode

CA parity is enabled when a latency value, dependent on 'CK, is programmed; this ac-
counts for parity calculation delay internal to the device. The normal state of CA parity
is to be disabled. If CA parity is enabled, the device must ensure there are no parity er-
rors before executing the command. CA parity signal (PAR) covers ACT_n, RAS_n/A16,
CAS_n/A15, WE_n/A14, and the address bus including bank address and bank group
bits. The control signals CKE, ODT, and CS_n are not included in the parity calculation.
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Mode Register 6

Mode register 6 (MR6) controls various device operating modes as shown in the follow-
ing register definition table. Not all settings listed may be available on a die; only set-
tings required for speed bin support are available. MR6 is written by issuing the MRS
command while controlling the states of the BGx, BAx, and Ax address pins. The map-
ping of address pins during the MRS command is shown in the following MR6 Register

Definition table.

Table 21: Address Pin Mapping

Table 22: MR6 Register Definition

Address |BG1|{BGO|BA1|BAO|A17 |[RAS|CAS|WE [A13|A12[|A11|A10| A9 | A8 | A7 | A6 | A5 | Ad| A3 | A2 | A1 | AO
bus n|{_nj|_n
Mode | 21|20 (19|18 |17 | - - - [ 1311211 10| 9 8 7 6 5 4 3 2 1 0
register
Note: 1. RAS_n, CAS_n, and WE_n must be LOW during MODE REGISTER SET command.

Mode
Register

Description

21

RFU

0 = Must be programmed to 0
1 = Reserved

20:18

MR select
000 = MRO
001 = MR1
010 = MR2
011 =MR3
100 = MR4
101 = MR5

110 = MR6

111 = DNU

17

NA on 4Gb and 8Gb, RFU

0 = Must be programmed to 0
1 = Reserved

12:10

tccp L

000 = 4 clocks (Data rate< 1333 Mb/s)

001 =5 clocks (1333 Mb/s <Data rate< 1866 Mb/s)
010 = 6 clocks (1866 Mb/s <Data rate< 2400 Mb/s)
011 =7 clocks (2400 Mb/s <Data rate< 2666 Mb/s)
100 = 8 clocks (2666 Mb/s <Data rate< 3200 Mb/s)
101 = Reserved
110 = Reserved
111 = Reserved
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Table 22: MR6 Register Definition (Continued)

Mode
Register

Description

13,9, 8

DQ RX EQ

Default = 000; Must be programmed to 000 unless otherwise stated
001 = Reserved

010 = Reserved

011 = Reserved

100 = Reserved

101 = Reserved

110 = Reserved

111 = Reserved

Vger Calibration Enable
0 = Disable
1 = Enable

Vger Calibration Range
0 =Range 1
1 =Range 2

5:0

Vger Calibration Value
See the Vrerpq Range and Levels table in the Vgeepq Calibration section

tCCD_L Programming

The device controller must program the correct 'CCD_L value. 'CCD_L will be program-
med according to the value defined per operating frequency in the AC parameter table.
Although JEDEC specifies the larger of 5n2CK or Xns, Micron's DRAM supports the larger
of 4nCK or Xns.

VREFDQ Calibration Enable

Vgerpq calibration is where the device internally generates its own Vggrpq to be used by
the DQ input receivers. The Vygrpq value will be output on any DQ of DQ[3:0] for evalu-
ation only. The device controller is responsible for setting and calibrating the internal
VRerpq level using an MRS protocol (adjust up, adjust down, and so on). It is assumed
that the controller will use a series of writes and reads in conduction with Vggrpq ad-
justments to optimize and verify the data eye. Enabling Vggrp( calibration must be used
whenever values are being written to the MR6[6:0] register.

Vgerpq Calibration Range

The device defines two Vggrpq calibration ranges: Range 1 and Range 2. Range 1 sup-
ports Vrgrpg between 60% and 92% of Vppg while Range 2 supports Vygrpg between
45% and 77% of Vppg, as seen in Vgygppq Specification table. Although not a restriction,
Range 1 was targeted for module-based designs and Range 2 was added to target point-
to-point designs.
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Vgerpq Calibration Value

Fifty settings provide approximately 0.65% of granularity steps sizes for both Range 1
and Range 2 of Vggrpq, as seen in Vygrpg Range and Levels table in the Vygrpq Calibra-
tion section.

DQ RX EQ

These settings are reserved for DQ Equalization functionality.
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Table 23: Truth Table - Command

Notes 1-5 apply to the entire table; Note 6 applies to all READ/WRITE commands
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Function " | cKE | CKE < |3 || @ | T | < | < Notes
MODE REGISTER SET MRS | H H L H L L L | BG| BA | V OP code 7
REFRESH REF H H L H L L H v v v v v Vi v
Self refresh entry SRE H L L H L L H \Y \Y \Y \Y \Y \Y \Y 8,9 10
Self refresh exit SRX L H H X X X X X X X X X X X |89, 10,
L H H H H v v v v v v v "
Single-bank PRECHARGE PRE H H L H L H L | BG| BA | V v v L v
PRECHARGE all banks PREA | H H L H L H L Y, v v v v H v
Reserved for future use RFU H H L H L H H RFU
Bank ACTIVATE ACT | H H L L | Row address (RA) | BG | BA | V Row address (RA)
WRITE BL8 fixed, BC4 fixed | WR H H L H H L L | BG | BA | V v v L | cA
BC4OTF WRS4 | H H L H H L L | BG| BA | V L v L | cA
BL8OTF WRS8 | H H L H H L L | BG | BA | V H v L | CA
WRITE BL8 fixed, BC4 fixed | WRA | H H L H H L L | BG| BA | V v v H | CA
with auto |Bc40TF WRAS4| H H L H H L L | BG| BA | V L v H | cA
precharge [ oo7r WRAS8| H H L H H L L | BG |[BA | V H V | H | ca
READ BL8 fixed, BC4 fixed | RD H H L H H L H | BG | BA | V v v L | CcA
BC4OTF RDS4 | H H L H H L H | BG | BA | V L v L | CcA
BL8OTF RDS8 | H H L H H L H | BG | BA | V H v L | CA
READ BL8 fixed, BC4 fixed | RDA | H H L H H L H | BG | BA | V v v H | cA
with auto |Bc40TF RDAS4 | H H L H H L H BG | BA | V L \Y; H CA
precharge [/ aorr RDAS8 | H H L H H L H |BG|BA | Vv H v H | ca
NO OPERATION NOP | H H L H H H H v v v v v v v 12
Device DESELECTED DES H H H X X X X X X X X X X X 13
Power-down entry PDE H L H X X X X X X X X X X X 10, 14
Power-down exit PDX L H H X X X X X X X X X X X | 10,14
ZQ CALIBRATION LONG ZQCL | H H L H H H L X X X X X H X
ZQ CALIBRATION SHORT ZQCs | H H L H H H L X X X X X L X
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Notes:

12.

13.
14.

4Gb: x4, x8, x16 DDR4 SDRAM
Truth Tables

BG = Bank group address
BA = Bank address

RA = Row address

CA = Column address

e BC_n = Burst chop

e X ="Don't Care”

e V =Valid

. All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/

A15, WE_n/A14, and CKE at the rising edge of the clock. The MSB of BG, BA, RA, and CA
are device density- and configuration-dependent. When ACT_n = H, pins RAS_n/A16,
CAS_n/A15, and WE_n/A14 are used as command pins RAS_n, CAS_n, and WE_n, respec-
tively. When ACT_n =L, pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are used as address
pins A16, A15, and A14, respectively.

RESET_n is enabled LOW and is used only for asynchronous reset and must be main-
tained HIGH during any function.

Bank group addresses (BG) and bank addresses (BA) determine which bank within a
bank group is being operated upon. For MRS commands, the BG and BA selects the spe-
cific mode register location.

V means HIGH or LOW (but a defined logic level), and X means either defined or unde-
fined (such as floating) logic level.

READ or WRITE bursts cannot be terminated or interrupted, and fixed/on-the-fly (OTF)
BL will be defined by MRS.

During an MRS command, A17 is RFU and is device density- and configuration-depend-
ent.

The state of ODT does not affect the states described in this table. The ODT function is
not available during self refresh.

. Vpp and Vrgr (Vrerca) must be maintained during SELF REFRESH operation.
10.
11.

Refer to the Truth Table — CKE table for more details about CKE transition.

Controller guarantees self refresh exit to be synchronous. DRAM implementation has
the choice of either synchronous or asynchronous.

The NO OPERATION (NOP) command may be used only when exiting maximum power
saving mode or when entering gear-down mode.

The NOP command may not be used in place of the DESELECT command.

The power-down mode does not perform any REFRESH operation.
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Table 24: Truth Table - CKE

4Gb: x4, x8, x16 DDR4 SDRAM
Truth Tables

Notes 1-7, 9, and 20 apply to the entire table

CKE
Previous Cycle | Present Cycle
Current State (n-1) (n) Command (n) Action (n) Notes
Power-down L L X Maintain power-down 8, 10, 11
H DES Power-down exit 8,10, 12
Self refresh L L X Maintain self refresh 11, 13
L H DES Self refresh exit 8, 13, 14, 15
Bank(s) active H L DES Active power-down entry 8,10, 12, 16
Reading H L DES Power-down entry 8,10, 12, 16, 17
Writing H L DES Power-down entry 8,10, 12, 16, 17
Precharging H L DES Power-down entry 8,10, 12, 16, 17
Refreshing H L DES Precharge power-down entry 8,12
All banks idle H L DES Precharge power-down entry | 8, 10, 12, 16, 18
H L REFRESH Self refresh 16, 18, 19
Notes: 1. Current state is defined as the state of the DDR4 SDRAM immediately prior to clock
edge n.

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

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

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

5. The state of ODT does not affect the states described in this table. The ODT function is
not available during self refresh.

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

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

8. For power-down entry and exit parameters, see the Power-Down Modes section.

9. CKE LOW is allowed only if tMRD and *tMOD are satisfied.

10. The power-down mode does not perform any REFRESH operations.

11. X ="Don't Care" (including floating around Vgg) in self refresh and power-down. X al-
so applies to address pins.

12. The DESELECT command is the only valid command for power-down entry and exit.

13. Vpp and VRggrca must be maintained during SELF REFRESH operation.

14. On self refresh exit, the DESELECT command must be issued on every clock edge occur-
ring during the t™XS period. READ or ODT commands may be issued only after XXSDLL is
satisfied.

15. The DESELECT command is the only valid command for self refresh exit.

16. Self refresh cannot be entered during READ or WRITE operations. For a detailed list of
restrictions see the SELF REFRESH Operation and Power-Down Modes sections.

17. If all banks are closed at the conclusion of the READ, WRITE, or PRECHARGE command,

then precharge power-down is entered; otherwise, active power-down is entered.
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NOP Command

4Gb: x4, x8, x16 DDR4 SDRAM
NOP Command

18. Idle state is defined as all banks are closed ('RP, tDAL, and so on, satisfied), no data
bursts are in progress, CKE is HIGH, and all timings from previous operations are satis-
fied (*MRD, tMOD, 'RFC, 1ZQinit, tZQoper, ZQCS, and so on), as well as all self refresh ex-
it and power-down exit parameters are satisfied (XS, tXXP, tXSDLL, and so on).

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

20. For more details about all signals, see the Truth Table - Command table; must be a legal
command as defined in the table.

The NO OPERATION (NOP) command was originally used to instruct the selected
DDR4 SDRAM to perform a NOP (CS_n = LOW and ACT_n, RAS_n/A16, CAS_n/A15, and
WE_n/A14 = HIGH). This prevented unwanted commands from being registered during
idle or wait states. NOP command general support has been removed and the com-
mand should not be used unless specifically allowed, which is when exiting maximum
power-saving mode or when entering gear-down mode.

DESELECT Command

DLL-Off Mode

The deselect function (CS_n HIGH) prevents new commands from being executed;
therefore, with this command, the device is effectively deselected. Operations already in
progress are not affected.

DLL-off mode is entered by setting MR1 bit A0 to 0, which will disable the DLL for sub-
sequent operations until the A0 bit is set back to 1. The MR1 A0 bit for DLL control can
be switched either during initialization or during self refresh mode. Refer to the Input
Clock Frequency Change section for more details.

The maximum clock frequency for DLL-off mode is specified by the parameter
'CKDLL_OFE

Due to latency counter and timing restrictions, only one CL value and CWL value (in
MRO and MR2 respectively) are supported. The DLL-off mode is only required to sup-
port setting both CL = 10 and CWL =9.

DLL-off mode will affect the read data clock-to-data strobe relationship (‘DQSCK), but
not the data strobe-to-data relationship (‘DQSQ, 'QH). Special attention is needed to
line up read data to the controller time domain.

Compared with DLL-on mode, where 'DQSCK starts from the rising clock edge (AL +
CL) cycles after the READ command, the DLL-off mode 'DQSCK starts (AL + CL - 1) cy-
cles after the READ command. Another difference is that 'DQSCK may not be small
compared to ‘CK (it might even be larger than 'CK), and the difference between ‘'DQSCK
(MIN) and 'DQSCK (MAX) is significantly larger than in DLL-on mode. The 'DQSCK
(DLL-off) values are undefined and the user is responsible for training to the data-eye.

The timing relations on DLL-off mode READ operation are shown in the following dia-
gram, where CL = 10, AL =0, and BL = 8.
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C.E' Icron DLL-Off Mode

Figure 19: DLL-Off Mode Read Timing Operation
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DLL-On/Off Switching Procedures

DLL-On/Off Switching Procedures

The DLL-off mode is entered by setting MR1 bit A0 to 0; this will disable the DLL for
subsequent operations until the A0 bit is set back to 1.

DLL Switch Sequence from DLL-On to DLL-Off

To switch from DLL-on to DLL-off requires the frequency to be changed during self re-

fresh, as outlined in the following procedure:

1. Starting from the idle state (all banks pre-charged, all timings fulfilled, and, to dis-
able the DLL, the DRAM on-die termination resistors, Rrrowm), must be in High-Z
before MRS to MR1.)

Set MR1 bit A0 to 1 to disable the DLL.

Wait 'tMOD.

Enter self refresh mode; wait until ‘CKSRE/'CKSRE_PAR is satisfied.

Change frequency, following the guidelines in the Input Clock Frequency Change

section.

Wait until a stable clock is available for at least ‘CKSRX at device inputs.

7. Starting with the SELF REFRESH EXIT command, CKE must continuously be regis-
tered HIGH until all 'MOD timings from any MRS command are satisfied. In addi-
tion, if any ODT features were enabled in the mode registers when self refresh
mode was entered, the ODT signal must continuously be registered LOW until all
tMOD timings from any MRS command are satisfied. If Rrrnom) was disabled in
the mode registers when self refresh mode was entered, the ODT signal is "Don't
Care."

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

e XS_FAST: ZQCL, ZQCS, and MRS commands. For MRS commands, only CL and
WR/RTP registers in MRO, the CWL register in MR2, and gear-down mode in
MR3 may be accessed provided the device is not in per-DRAM addressability
mode. Access to other device mode registers must satisfy XS timing.

e IXS_ABORT: If MR4 [9] is enabled, then the device aborts any ongoing refresh
and does not increment the refresh counter. The controller can issue a valid
command after a delay of XXS_ABORT. Upon exiting from self refresh, the device
requires a minimum of one extra REFRESH command before it is put back into
self refresh mode. This requirement remains the same regardless of the MRS bit
setting for self refresh abort.

e XS: ACT, PRE, PREA, REE SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS,
RD, RDS4, RDS8, RDA, RDAS4, and RDASS.

9. Wait 'MOD to complete.

A

&

The device is ready for the next command.
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DLL-On/Off Switching Procedures

Figure 20: DLL Switch Sequence from DLL-On to DLL-Off

TbO Tb1 Te0 Te1
D -7\ - Y /_ Y
LU \ —
tCKSRE/‘CKSRE PAR Note 4 tCKSRX5
tCPDED |
-t
22 22 \/@ %Valld% Mvmid% %Valld@
IXS_FAST

2 R =X
wares T/ RV T 70 W@ )

RP XS_ABORT
s tCKESR/ACKESR_PAR s
]
oot 7 A\ I AU Al NI N A Db AKX
Enter self refresh Exit self refresh
2 2 Time Break Don’t Care
Notes: 1. Starting in the idle state. Ryt in stable state.
2. Disable DLL by setting MR1 bit A0 to 0.
3. Enter SR.
4. Change frequency.
5. Clock must be stable tTCKSRX.
6. Exit SR.
7. Update mode registers allowed with DLL-off settings met.
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4Gb: x4, x8, x16 DDR4 SDRAM
DLL-On/Off Switching Procedures

DLL-Off to DLL-On Procedure
To switch from DLL-off to DLL-on (with required frequency change) during self refresh:

1.

2.
3.

N

Starting from the idle state (all banks pre-charged, all timings fulfilled, and DRAM
ODT resistors (Rrrnow) must be in High-Z before self refresh mode is entered.)
Enter self refresh mode; wait until ‘CKSRE/'CKSRE_PAR are satisfied.

Change frequency (following the guidelines in the Input Clock Frequency Change
section).

Wait until a stable clock is available for at least ‘CKSRX at device inputs.

Starting with the SELF REFRESH EXIT command, CKE must continuously be regis-
tered HIGH until ‘DLLK timing from the subsequent DLL RESET command is sat-
isfied. In addition, if any ODT features were enabled in the mode registers when
self refresh mode was entered, the ODT signal must continuously be registered
LOW or HIGH until 'DLLK timing from the subsequent DLL RESET command is
satisfied. If Rrrvowm disabled in the mode registers when self refresh mode was
entered, the ODT signal is "Don't Care."

Wait XS or XS_ABORT, depending on bit 9 in MR4, then set MR1 bit A0 to 0 to en-
able the DLL.

Wait t™MRD, then set MRO bit A8 to 1 to start DLL reset.

Wait 'MRD, then set mode registers with appropriate values; an update of CL,
CWL, and WR may be necessary. After ‘™MOD is satisfied from any proceeding MRS
command, a ZQCL command can also be issued during or after ‘DLLK.

Wait for 'MOD to complete. Remember to wait 'DLLK after DLL RESET before ap-
plying any command requiring a locked DLL. In addition, wait for ZQoper in case
a ZQCL command was issued.

The device is ready for the next command.

Figure 21: DLL Switch Sequence from DLL-Off to DLL-On
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‘CPDED
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- \ - — T\, -\ - -
tCKSRE/‘CKSRE PAR Note 4 tCKSRXS

2 ? 2 2 / % %Vahd% b<vm.d>Q Mvm@@

tXS_ABORT

/ 2/ %)’ 0( SRX6| >Q %Vamﬂ)? yw( )

A A AU &@'&

Rp MRD
s tCKESRACKESR_PAR I
]
oot 7 10 I I AT e RN lﬂ& A K=
Enter self refresh Exit self refresh
2 2 Time Break Don’t Care
Notes: 1. Starting in the idle state.
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Input Clock Frequency Change

Enter SR.

Change frequency.

Clock must be stable *tCKSRX.

Exit SR.

Set DLL to on by setting MR1 to A0 = 0.
Update mode registers.

Issue any valid command.

© NV AWN

Input Clock Frequency Change

After the device is initialized, it requires the clock to be stable during almost all states of
normal operation. This means that after the clock frequency has been set and is in the
stable state, the clock period is not allowed to deviate except for what is allowed by the
clock jitter and spread spectrum clocking (SSC) specifications. The input clock frequen-
cy can be changed from one stable clock rate to another stable clock rate only when in
self refresh mode. Outside of self refresh mode, it is illegal to change the clock frequen-
cy-

After the device has been successfully placed in self refresh mode and ‘CKSRE/
{CKSRE_PAR have been satisfied, the state of the clock becomes a "Don’t Care." Follow-
ing a "Don’t Care," changing the clock frequency is permissible, provided the new clock
frequency is stable prior to 'CKSRX. When entering and exiting self refresh mode for the
sole purpose of changing the clock frequency, the self refresh entry and exit specifica-
tions must still be met as outlined in SELF REFRESH Operation.

For the new clock frequency, additional MRS commands to MR0O, MR2, MR3, MR4, MR5,
and MR6 may need to be issued to program appropriate CL, CWL, gear-down mode,
READ and WRITE preamble, Command Address Latency, and ‘CCD_L/'DLLK values.

When the clock rate is being increased (faster), the MR settings that require additional
clocks should be updated prior to the clock rate being increased. In particular, the PL
latency must be disabled when the clock rate changes, ie. while in self refresh mode. For
example, if changing the clock rate from DDR4-2133 to DDR4-2933 with CA parity
mode enabled, MR5[2:0] must first change from PL = 4 to PL = disable prior to PL = 6.
The correct procedure would be to (1) change PL = 4 to disable via MR5 [2:0], (2) enter
self refresh mode, (3) change clock rate from DDR4-2133 to DDR4-2933, (4) exit self re-
fresh mode, (5) Enable CA parity mode setting PL = 6 vis MR5 [2:0].

If the MR settings that require additional clocks are updated after the clock rate has
been increased, for example. after exiting self refresh mode, the required MR settings
must be updated prior to removing the DRAM from the IDLE state, unless the DRAM is
RESET. If the DRAM leaves the IDLE state to enter self refresh mode or ZQ Calibration,
the updating of the required MR settings may be deferred to the next time the DRAM
enters the IDLE state.

If MR6 is issued prior to self refresh entry for new the 'DLLK value, DLL will relock auto-
matically at self refresh exit. However, if MR6 is issued after self refresh entry, MRO must
be issued to reset the DLL.

The device input clock frequency can change only within the minimum and maximum
operating frequency specified for the particular speed grade. Any frequency change be-
low the minimum operating frequency would require the use of DLL-on mode to DLL-

off mode transition sequence (see DLL-On/Off Switching Procedures).
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Write Leveling

Write Leveling

For better signal integrity, DDR4 memory modules use fly-by topology for the com-
mands, addresses, control signals, and clocks. Fly-by topology has benefits from the re-
duced number of stubs and their length, but it also causes flight-time skew between
clock and strobe at every DRAM on the DIMM. This makes it difficult for the controller
to maintain 'DQSS, 'DSS, and '‘DSH specifications. Therefore, the device supports a
write leveling feature to allow the controller to compensate for skew. This feature may
not be required under some system conditions, provided the host can maintain the
DQSS, 'DSS, and 'DSH specifications.

The memory controller can use the write leveling feature and feedback from the device
to adjust the DQS (DQS_t, DQS_c) to CK (CK_t, CK_c) relationship. The memory con-
troller involved in the leveling must have an adjustable delay setting on DQS to align the
rising edge of DQS with that of the clock at the DRAM pin. The DRAM asynchronously
feeds back CK, sampled with the rising edge of DQS, through the DQ bus. The controller
repeatedly delays DQS until a transition from 0 to 1 is detected. The DQS delay estab-
lished though this exercise would ensure the ‘DQSS specification. Besides ‘DQSS, 'DSS
and 'DSH specifications also need to be fulfilled. One way to achieve this is to combine
the actual 'DQSS in the application with an appropriate duty cycle and jitter on the DQS
signals. Depending on the actual 'DQSS in the application, the actual values for 'DQSL
and 'DQSH may have to be better than the absolute limits provided in the AC Timing
Parameters section in order to satisfy 'DSS and ‘DSH specifications. A conceptual tim-
ing of this scheme is shown below.

Figure 22: Write Leveling Concept, Example 1

Source

diff_DQS

CK_c

Destination
CK_t

diff_DQS
DQ Oor N X 0 X 0
Push DQS to capture \
diff_DQS the 0-1 transition
DQ 0or1 X 1 X 1 X 1

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

All data bits carry the leveling feedback to the controller across the DRAM configura-
tions: x4, x8, and x16. On a x16 device, both byte lanes should be leveled independently.
Therefore, a separate feedback mechanism should be available for each byte lane. The
upper data bits should provide the feedback of the upper diff_DQS(diff_UDQS)-to-
clock relationship; the lower data bits would indicate the lower diff_DQS(diff_LDQS)-
to-clock relationship.
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The figure below is another representative way to view the write leveling procedure. Al-
though it shows the clock varying to a static strobe, this is for illustrative purpose only;
the clock does not actually change phase, the strobe is what actually varies. By issuing
multiple WL bursts, the DQS strobe can be varied to capture with fair accuracy the time
at which the clock edge arrives at the DRAM clock input buffer.

Figure 23: Write Leveling Concept, Example 2
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DRAM Setting for Write Leveling and DRAM TERMINATION Function in that Mode

The DRAM enters into write leveling mode if A7 in MR1 is HIGH. When leveling is fin-
ished, the DRAM exits write leveling mode if A7 in MR1 is LOW (see the MR Leveling
Procedures table). Note that in write leveling mode, only DQS terminations are activa-
ted and deactivated via the ODT pin, unlike normal operation (see DRAM DRAM TER-
MINATION Function in Leveling Mode table).

Table 25: MR Settings for Leveling Procedures

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Q off) A12 0 1

Table 26: DRAM TERMINATION Function in Leveling Mode

ODT Pin at DRAM DQS_t/DQS_c Termination DQ Termination
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Write Leveling

Table 26: DRAM TERMINATION Function in Leveling Mode (Continued)

ODT Pin at DRAM

DQS_t/DQS_c Termination DQ Termination

Rr(park) With ODT LOW

On Off

Notes:

1. In write leveling mode, with the mode's output buffer either disabled (MR1[bit7] = 1
and MR1[bit12] = 1) or with its output buffer enabled (MR1[bit7] = 1 and MR1[bit12] =
0), all Rrrnomy @and Rrrepark) settings are supported.

2. Rrrwr) is not allowed in write leveling mode and must be set to disable prior to enter-
ing write leveling mode.

Procedure Description

The memory controller initiates the leveling mode of all DRAM by setting bit 7 of MR1
to 1. When entering write leveling mode, the DQ pins are in undefined driving mode.
During write leveling mode, only the DESELECT command is supported, other than
MRS commands to change the Qoff bit (MR1[A12]) and to exit write leveling (MR1[A7]).
Upon exiting write leveling mode, the MRS command performing the exit (MR1[A7] = 0)
may also change the other MR1 bits. Because the controller levels one rank at a time,
the output of other ranks must be disabled by setting MR1 bit A12 to 1. The controller
may assert ODT after 'MOD, at which time the DRAM is ready to accept the ODT signal,
unless DODTLon or DODTLoff have been altered (the ODT internal pipe delay is in-
creased when increasing WRITE latency [WL] or READ latency [RL] by the previous MR
command), then ODT assertion should be delayed by DODTLon after '™MOD is satisfied,
which means the delay is now 'MOD + DODTLon.

The controller may drive DQS_t LOW and DQS_c HIGH after a delay of 'WLDQSEN, at

which time the DRAM has applied ODT to these signals. After 'DQSL and '‘WLMRD, the
controller provides a single DQS_t, DQS_c edge, which is used by the DRAM to sample
CK driven from the controller. WLMRD (MAX) timing is controller dependent.

The DRAM samples CK status with the rising edge of DQS and provides feedback on all
the DQ bits asynchronously after 'WLO timing. There is a DQ output uncertainty of
'WLOE defined to allow mismatch on DQ bits. The 'WLOE period is defined from the
transition of the earliest DQ bit to the corresponding transition of the latest DQ bit.
There are no read strobes (DQS_t, DQS_c) needed for these DQs. The controller sam-
ples incoming DQ and either increments or decrements DQS delay setting and launch-
es the next DQS pulse after some time, which is controller dependent. After a 0-to-1
transition is detected, the controller locks the DQS delay setting, and write leveling is
achieved for the device. The following figure shows the timing diagram and parameters
for the overall write leveling procedure.

CCMTD-1725822587-9046

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

82 Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2014 Micron Technology, Inc. All rights reserved.




(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Write Leveling

Figure 24: Write Leveling Sequence (DQS Capturing CK LOW at T1 and CK HIGH at T2)

T T
YWLH
twis 7|
CK_CS‘-- - - T r == VA = - - -
K t - - TP A Ao

Command XMRs2)¢] J/XDES® DS ){(//)XDEs )7//XDEs X//7X s X7/ X OEs X7) VX OEs X/77X0es X7/ XDEs X7 X Pes X///X0Es X,
| |

tMOD
SCL NS, N NS /// S/ / A /// G/ // ANV /// A /N /R V/// N/ // A N/ A/ // G
| YWLDQSEN ) tDQSLe 'DQSH® tDQSLe tDQSHS
e | yoX o W X
tWLMRD tWLO tWLO
Late Prime DQ' /[ [ { ? 2_/
| YWLOE
Early Prime DQ' !/ / )_ ? ?
! WLO |'wioe | ‘WLo

|:| Undefined Driving Mode 2 ZTime Break m Don't Care

Notes: 1. The device drives leveling feedback on all DQs.

2. MRS: Load MR1 to enter write leveling mode.

3. diff_DQS is the differential data strobe. Timing reference points are the zero crossings.
DQS_t is shown with a solid line; DQS_c is shown with a dotted line.

4. CK_tis shown with a solid dark line; CK_c is shown with a dotted line.

5. DQS needs to fulfill minimum pulse width requirements, tDQSH (MIN) and 'DQSL (MIN),
as defined for regular WRITEs; the maximum pulse width is system dependent.

6. "WLDQSEN must be satisfied following equation when using ODT:

e DLL = Enable, then 'WLDQSEN > *MOD (MIN) + DODTLon + tADC
e DLL = Disable, then 'WLDQSEN > tMOD (MIN) + tAONAS

Write Leveling Mode Exit

Write leveling mode should be exited as follows:

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

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

3. After Rypis switched off, disable write leveling mode via the MRS command (see
Tc2).

4. After 'MOD is satisfied (Tel), any valid command can be registered. (MR com-
mands can be issued after ‘MRD [Td1]).
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Write Leveling

Figure 25: Write Leveling Exit

TdO Td1 TeO Tel

==y /

command X DES X777 XES X777X DS () Y X DES Y] VX DES Y] [7XOFS X/7 )X BEs X/77X Dsls )@ID( DES )@(w;id)@ VXOEs X7/ X Valid X/,

‘MRD
nddress 777777777777777777777777) V777777, LK 'V';m)@ ///////////XVa“d)@ V/////////Xva;id)@
s MOoD
oot 7/ N/ 7 U YV)L AWV 7 7N OB TN QA0 [TIA 7
ODTL (OFF) ! tADC (MIN)
:;ngg::z; Rrrovon) (! (! (! B { [__Rreang (!

|
tADC (MAX)

[ ){K """""""" fA— — N N 1
Q5_
)) )) )) )) ))
( ( ( ( U

) |

DQ’ /Z /l ((result=1(( [ (! /

I:‘ Undefined Driving Mode EI Transitioning 22Time Break m Don’t Care

Notes: 1. The DQ result = 1 between Ta0 and TcO is a result of the DQS signals capturing CK_t
HIGH just after the TO state.

2. See previous figure for specific t'WLO timing.
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Command Address Latency

DDR4 supports the command address latency (CAL) function as a power savings fea-
ture. This feature can be enabled or disabled via the MRS setting. CAL timing is defined
as the delay in clock cycles ({CAL) between a CS_n registered LOW and its correspond-
ing registered command and address. The value of CAL in clocks must be programmed
into the mode register (see MR1 Register Definition table) and is based on the equation
{CK(ns)/'CAL(ns), rounded up in clocks.

Figure 26: CAL Timing Definition

I 1I 2I I 3I I 4'I 5I I 6I I 7I I 8I I 9I I10I I11I I12I I13I I14I I15

\l/

CMD/ADDR |\

CAL gives the DRAM time to enable the command and address receivers before a com-
mand is issued. After the command and the address are latched, the receivers can be
disabled if CS_n returns to HIGH. For consecutive commands, the DRAM will keep the
command and address input receivers enabled for the duration of the command se-
quence.

Figure 27: CAL Timing Example (Consecutive CS_n = LOW)

| 1I | 2I | 3I | 4'I | 5I | 6I | 7I | 8I | 9I I10I I11I I12
CLK
CS_n
CMD/ADDR
CCMTD-1725822587-9046 85 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Command Address Latency

When the CAL mode is enabled, additional time is required for the MRS command to
complete. The earliest the next valid command can be issued is 'MOD_CAL, which
should be equal to 'MOD + 'CAL. The two following figures are examples.

Figure 28: CAL Enable Timing - tMOD_CAL

CS_n \
tMOD_CAL
| | | | | | |

Settings  Old settings <:2 2 Updating settings 2 2 New settings

N { N N l l N {
2 ETime Break Don't Care

Note: 1. CAL mode is enabled at T1.

Figure 29: tMOD_CAL, MRS to Valid Command Timing with CAL Enabled

Address %Iid ,//////@ i / i i ‘ i / lid ///////’J

|

csn ‘ Z
|
‘ | | |
Settings Old settings Updating settings 2 2 New settings

2 BTime Break % Don’t Care

Note: 1. MRS at Tal may or may not modify CAL, tMOD_CAL is computed based on new 'CAL set-

ting if modified.
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Command Address Latency

When the CAL mode is enabled or being enabled, the earliest the next MRS command
can be issued is 'MRD_CAL is equal to 'MOD + 'CAL. The two following figures are ex-
amples.

Figure 30: CAL Enabling MRS to Next MRS Command, ‘MRD_CAL

Address W&aﬂ)@ ,//
GSon Iﬂ 8 YMRD_CAL \T/? 8

Settings  Old settings <:E 2 Updating settings 2 2 Updating settings

{ { { { { { {
2 ETime Break Don't Care

Note: 1. Command address latency mode is enabled at T1.

Figure 31: tMRD_CAL, Mode Register Cycle Time With CAL Enabled

Address ZZ}( Valid Valid Valid Valid Valid

Y )

Settings Old settings 8 2 8 2 Updating settings 2 8 New settings

{ { { { { { { X {
2 2 Time Break Don't Care

Note: 1. MRS at Tal may or may not modify CAL, 'MRD_CAL is computed based on new CAL set-
ting if modified.

CAL Examples: Consecutive READ BL8 with two different CALs and 1'CK preamble in
different bank group shown in the following figures.

|
Wlid ,//////,/1 Valid Valid Valid
{ X

‘ {MRD_CAL |
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Figure 32: Consecutive READ BL8, CAL3, 1'CK Preamble, Different Bank Group

| I 1 1
command /77777777 ITTTTTTT77 K08 XT77X 0% X/77KRean X /77777777777 70K 0% X7 77X 0% X777XReao X X oes XZ770Koes X777IX s XZ7IX s XZ77K o X/77KDes XZ77K 0% X//7IX o X/7D)
‘CCD_S=4 1 |

Bank Group /'
Address
N T | [
Address /
Y [ 0 T T T 0 0 T T
) RPRE ‘(1ncK) ' ' ' ' ' ' ' | JRPST_
e —— 1 l l l l l l '
Pt Pas< ‘ (G SR D QR G (R D R D QRN G QRN GHNY QRN G SIS SR ¢
0o h

RL=11

L ) D T X ) TR D D A iz Y I Ko i =T

‘ RL=11

1 [] transitioning pata  [/] pon't care

Notes: BL=8,AL=0, CL= 11, CAL = 3, Preamble = 1'CK.
Doyt n = data-out from column n; Doyt b = data-out from column b.
DES commands are shown for ease of illustration, other commands may be valid at these times.

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at T3 and
T7.

CA parity = Disable, CS to CA latency = Enable, Read DBI = Disable.

6. Enabling CAL mode does not impact ODT control timings. ODT control timings should be maintained with the
same timing relationship relative to the command/address bus as when CAL is disabled.
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Figure 33: Consecutive READ BL8, CAL4, 1'CK Preamble, Different Bank Group
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1 [5] Transitioning ata /] Don't care

BL=8,AL=0, CL=11, CAL = 4, Preamble = 1tCK.
Dout n = data-out from column n; Doyt b = data-out from column b.
DES commands are shown for ease of illustration, other commands may be valid at these times.

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at T4 and
T8.

Notes:

PWN=

@UOJDIW

qov

A>uaje] ssaappy puewiwiod
INVYAS Y¥Aaa 9Lx ‘8x ‘px



9%06-£85278SCLL-ALINDD

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

68

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

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

5. CA parity = Disable, CS to CA latency = Enable, Read DBI = Disable.

6. Enabling CAL mode does not impact ODT control timings. ODT control timings should be maintained with the
same timing relationship relative to the command/address bus as when CAL is disabled.
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Low-Power Auto Self Refresh Mode

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

Manual Self Refresh Mode

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

Table 27: Auto Self Refresh Mode

Low-Power Operating Temperature
Auto Self Refresh Range for Self Refresh Mode
MR2[7] | MR2[6] Mode SELF REFRESH Operation (DRAM Tcase)
0 0 Normal Variable or fixed normal self refresh rate 0°Cto 85°C
maintains data retention at the normal oper-
ating temperature. User is required to ensure
that 85°C DRAM Tcase (MAX) is not exceeded
to avoid any risk of data loss.
1 0 Extended Variable or fixed high self refresh rate opti- 0°C to 95°C
temperature mizes data retention to support the exten-
ded temperature range.
0 1 Reduced Variable or fixed self refresh rate or any oth- 0°C to 45°C
temperature er DRAM power consumption reduction con-

trol for the reduced temperature range. User
is required to ensure 45°C DRAM Tcase
(MAX) is not exceeded to avoid any risk of
data loss.

Auto self refresh | Auto self refresh mode enabled. Self refresh All of the above
power consumption and data retention are
optimized for any given operating tempera-
ture condition.
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Low-Power Auto Self Refresh Mode

Figure 34: Auto Self Refresh Ranges

oo A

Extended
temperature

/ range

1/2x refresh rate

1
Reduced Normal I
temperature temperature !
range ' range -
| | | -
I I I I ’ﬁt
25°C 45°C 85°C 95°C
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Multipurpose Register

The MULTIPURPOSE REGISTER (MPR) function, MPR access mode, is used to write/
read specialized data to/from the DRAM. The MPR consists of four logical pages, MPR
Page 0 through MPR Page 3, with each page having four 8-bit registers, MPRO through
MPR3. Page 0 can be read by any of three readout modes (serial, parallel, or staggered)
while Pages 1, 2, and 3 can be read by only the serial readout mode. Page 3 is for DRAM
vendor use only. MPR mode enable and page selection is done with MRS commands.
Data bus inversion (DBI) is not allowed during MPR READ operation.

Once the MPR access mode is enabled (MR3[2] = 1), only the following commands are
allowed: MRS, RD, RDAWR, WRA, DES, REE and RESET; RDA/WRA have the same func-
tionality as RD/WR which means the auto precharge part of RDA/WRA is ignored. Pow-
er-down mode and SELF REFRESH command are not allowed during MPR enable
mode. No other command can be issued within ‘RFC after a REF command has been
issued; 1x refresh (only) is to be used during MPR access mode. While in MPR access
mode, MPR read or write sequences must be completed prior to a REFRESH command.

Figure 35: MPR Block Diagram

Memory core
(all banks precharged)

Four multipurpose registers (pages),
each with four 8-bit registers:

Data patterns (RD/WR)
Error log (RD)
Mode registers (RD)
DRAM manufacture only (RD)

DQ,s DM_n/DBI_n, DQS_t, DQS_c

Table 28: MR3 Setting for the MPR Access Mode

Address Operation Mode Description
A[12:11] MPR data read format 00 = Serial ........... 01 = Parallel
10 = Staggered .... 11 = Reserved
A2 MPR access 0 = Standard operation (MPR not enabled)
1 = MPR data flow enabled
A[1:0] MPR page selection 00 =Page 0....01 =Page 1

10=Page 2 .... 11 = Page 3

Table 29: DRAM Address to MPR Ul Translation

MPR Location [7] [6] [5] [4] [3] [2] [11] [0]

DRAM address — Ax A7 A6 A5 A4 A3 A2 A1l A0

MPR Ul - Ulx ulo Ui ul2 uli3 ul4 ul5 ul6 ul7
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Table 30: MPR Page and MPRx Definitions

Address | MPRLocation | [71 | 61 | 51 | (41 | (31 | (2 | [ | [01 | Note
MPR Page 0 — Read or Write (Data Patterns)
BA[1:0] 00 = MPRO 0 1 0 1 0 1 0 1 Read/
01 = MPR1 0 0 1 1 0 0 1 1 Write
10 = MPR2 0 0 0 0 1 1 1 1 (default
value lis-
11 = MPR3 0 0 0 0 0 0 0 0 ted)
MPR Page 1 - Read-only (Error Log)
BA[1:0] 00 = MPRO A7 A6 A5 A4 A3 A2 A1l A0 Read-on-
01 = MPR1 CAS_n/A |WE_n/A1 A13 A12 A11 A10 A9 A8 ly
15 4
10 = MPR2 PAR ACT_n BG1 BGO BA1 BAO A17 RAS_n/A
16
11 = MPR3 CRCer- | CA pari- CA parity latency: [5] = c2 cl Co
ror sta- | ty error | MR5[2], [4] = MR5[1], [3] =
tus status MR5[0]
MPR Page 2 - Read-only (MRS Readout)
BA[1:0] 00 = MPRO hPPR sPPR Rrrowr) | Temperature sen- | CRC write | Ryrowgr) MR2[10:9] | Read-on-
support | support | MR2[11] sor status? enable ly
MR2[12]
01 = MPR1 VRerDQ VReepq training value: [6:1] = MR6[5:0] Gear-
traing- down
ing enable
range MR3J[3]
MR6[6]
10 = MPR2 CAS latency: [7:3] = MR0[6:4,2,12] CAS write latency [2:0] =
MR2[5:3]
11 = MPR3 Rrrvomy: [7:5] = MR1[10:8] Rrrpark): [4:2] = MR5[8:6] Ron: [1:0] =
MR2[2:1]
MPR Page 3 - Read-only (Restricted, except for MPR3 [3:0])
BA[1:0] 00 = MPRO DC DC DC DC DC DC DC DC Read-on-
01 = MPR1 DC DC DC DC DC DC DC DC ly
10 = MPR2 DC DC DC DC DC DC DC DC
11 = MPR3 DC DC DC DC MAC MAC MAC MAC
Notes: 1. DC= "Don't Care"
2. MPR[4:3] 00 = Sub 1X refresh; MPR[4:3] 01 = 1X refresh; MPR[4:3] 10 = 2X refresh;
MPR[4:3] 11 = Reserved
MPR Reads

MPR reads are supported using BL8 and BC4 modes. Burst length on-the-fly is not sup-
ported for MPR reads. Data bus inversion (DBI) is not allowed during MPR READ opera-
tion; the device will ignore the Read DBI enable setting in MR5 [12] when in MPR mode.
READ commands for BC4 are supported with a starting column address of A[2:0] = 000
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Multipurpose Register

or 100. After power-up, the content of MPR Page 0 has the default values, which are de-
fined in Table 30. MPR page 0 can be rewritten via an MPR WRITE command. The de-
vice maintains the default values unless it is rewritten by the DRAM controller. If the
DRAM controller does overwrite the default values (Page 0 only), the device will main-
tain the new values unless re-initialized or there is power loss.

Timing in MPR mode:

¢ Reads (back-to-back) from Page 0 may use ‘CCD_S or ‘CCD_L timing between READ
commands

¢ Reads (back-to-back) from Pages 1, 2, or 3 may not use ‘CCD_S timing between READ
commands; ‘CCD_L must be used for timing between READ commands

The following steps are required to use the MPR to read out the contents of a mode reg-
ister (MPR Page x, MPRy).
1. The DLL must be locked if enabled.
2. Precharge all; wait until ‘RP is satisfied.
3. MRS command to MR3[2] = 1 (Enable MPR data flow), MR3[12:11] = MPR read for-
mat, and MR3[1:0] MPR page.
a. MR3[12:11] MPR read format:
1. 00 = Serial read format
2. 01 = Parallel read format
3. 10 = staggered read format
4. 11 =RFU
b. MR3[1:0] MPR page:
1. 00=MPR Page 0
2. 01 =MPR Page 1
3. 10 =MPR Page 2
4. 11 =MPR Page 3
4. '™MRD and '™MOD must be satisfied.
5. Redirect all subsequent READ commands to specific MPRx location.
6. Issue RD or RDA command.
a. BAIl and BAO indicate MPRx location:
1. 00 =MPRO
2. 01 =MPR1
3. 10 =MPR2
4. 11 =MPR3
b. A12/BC=0 or 1; BL8 or BC4 fixed-only, BC4 OTF not supported.
1. If BL=8 and MRO A[1:0] =01, A12/BC must be set to 1 during MPR
READ commands.
c. A2 =burst-type dependant:
BL8: A2 = 0 with burst order fixed at0, 1, 2, 3,4, 5,6, 7
BL8: A2 = 1 not allowed
BC4: A2 = 0 with burst order fixed at0, 1, 2,3, T, T, T, T
4. BC4: A2 =1 with burst order fixed at4,5,6,7, T, T, T, T
d. A[1:0] = 00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, and BG1 and BGO are "Don’t
Care."
7. After RL = AL + CL, DRAM bursts data from MPRx location; MPR readout format
determined by MR3[A12,11,1,0].
8. Steps 5 through 7 may be repeated to read additional MPRx locations.
9. After the last MPRx READ burst, 'MPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR3[2] = 0.

wn =
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11. After the 'MOD sequence is completed, the DRAM is ready for normal operation
from the core (such as ACT).

MPR Readout Format
The MPR read data format can be set to three different settings: serial, parallel, and
staggered.

MPR Readout Serial Format

The serial format is required when enabling the MPR function to read out the contents
of an MRx, temperature sensor status, and the command address parity error frame.
However, data bus calibration locations (four 8-bit registers) can be programmed to
read out any of the three formats. The DRAM is required to drive associated strobes
with the read data similar to normal operation (such as using MRS preamble settings).

Serial format implies that the same pattern is returned on all DQ lanes, as shown the
table below, which uses values programmed into the MPR via [7:0] as 0111 1111.

Table 31: MPR Readout Serial Format

Serial uIo un uI2 ui3 U4 us | ue | u7
x4 Device

DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
x8 Device

DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1
DQ6 0 1 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1 1
x16 Device

DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1
DQ6 0 1 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1 1
DQ8 0 1 1 1 1 1 1 1
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Table 31: MPR Readout Serial Format (Continued)

Serial uio ui1 V] ] ui3 vi4 ui5 ul6 ui7
DQ9 0 1 1 1 1 1 1 1
DQ10 0 1 1 1 1 1 1 1
DQ11 0 1 1 1 1 1 1 1
DQ12 0 1 1 1 1 1 1 1
DQ13 0 1 1 1 1 1 1 1
DQ14 0 1 1 1 1 1 1 1
DQ15 0 1 1 1 1 1 1 1

MPR Readout Parallel Format

Parallel format implies that the MPR data is returned in the first data Ul and then repea-
ted in the remaining Uls of the burst, as shown in the table below. Data pattern location
0 is the only location used for the parallel format. RD/RDA from data pattern locations
1, 2, and 3 are not allowed with parallel data return mode. In this example, the pattern
programmed in the data pattern location 0is 0111 1111. The x4 configuration only out-
puts the first four bits (0111 in this example). For the x16 configuration, the same pat-
tern is repeated on both the upper and lower bytes.

Table 32: MPR Readout - Parallel Format

Parallel uIo Ui uI2 us | u4a | us ui6 uI7
x4 Device

DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
x8 Device

DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQ4 1 1 1 1 1 1 1 1
DQ5 1 1 1 1 1 1 1 1
DQ6 1 1 1 1 1 1 1 1
DQ7 1 1 1 1 1 1 1 1
x16 Device

DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQ4 1 1 1 1 1 1 1 1
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Table 32: MPR Readout - Parallel Format (Continued)

Parallel uio ui1 V] ] ui3 vi4 ui5 ul6 ui7
DQ5
DQ6
DQ7
DQ8
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14

DQ15

N e N e N N Y == ISR Y o [ I ST (ST
B Y I e e N e e = I I I (R
N N e B RN N PN I T IR P (Y
ala|lalalalalalola|a] -
O [ NN (SO R N IO e Y [ [ RN
RO [P NN (SO I N O B o Y [ [ RN
RN RN RN RSN QIR QNN N N B I =
[ RPN NN [N PN RPN RO o N [ N N

MPR Readout Staggered Format

Staggered format of data return is defined as the staggering of the MPR data across the
lanes. In this mode, an RD/RDA command is issued to a specific data pattern location
and then the data is returned on the DQ from each of the different data pattern loca-
tions. For the x4 configuration, an RD/RDA to data pattern location 0 will result in data
from location 0 being driven on DQO, data from location 1 being driven on DQ1, data
from location 2 being driven on DQ2, and so on, as shown below. Similarly, an RD/RDA
command to data pattern location 1 will result in data from location 1 being driven on
DQO, data from location 2 being driven on DQ1, data from location 3 being driven on
DQ2, and so on. Examples of different starting locations are also shown.

Table 33: MPR Readout Staggered Format, x4

x4 READ MPRO Command | x4 READ MPR1 Command | x4 READ MPR2 Command | x4 READ MPR3 Command
Stagger Ul[7:0] Stagger UI[7:0] Stagger uI[7:0] Stagger UI[7:0]
DQO MPRO DQO MPR1 DQO MPR2 DQO MPR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 DQ3 MPR2

It is expected that the DRAM can respond to back-to-back RD/RDA commands to the
MPR for all DDR4 frequencies so that a sequence (such as the one that follows) can be
created on the data bus with no bubbles or clocks between read data. In this case, the
system memory controller issues a sequence of RD(MPR0), RD(MPR1), RD(MPR?2),
RD(MPR3), RD(MPRO0), RD(MPR1), RD(MPR2), and RD(MPR3).

Table 34: MPR Readout Staggered Format, x4 - Consecutive READs

Stagger UI[7:0] UI[15:8] UI[23:16] | UI[31:24] | UI[39:32] | UI[47:40] | UI[55:48] UI[63:56]
DQO MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3
DQ1 MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO
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Table 34: MPR Readout Staggered Format, x4 - Consecutive READs (Continued)

Stagger UI[7:0] UI[15:8] UI[23:16] | UI[31:24] | UI[39:32] | UI[47:40] | UI[55:48] UI[63:56]
DQ2 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1
DQ3 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2

For the x8 configuration, the same pattern is repeated on the lower nibble as on the up-
per nibble. READs to other MPR data pattern locations follow the same format as the x4
case. A read example to MPRO for x8 and x16 configurations is shown below.

Table 35: MPR Readout Staggered Format, x8 and x16

x8 READ MPRO Command x16 READ MPRO Command x16 READ MPRO Command

Stagger UI[7:0] Stagger UI[7:0] Stagger UI[7:0]
DQO MPRO DQO MPRO DQ8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQ11 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQ5 MPR1 DQ5 MPR1 DQ13 MPR1
DQ6 MPR2 DQ6 MPR2 DQ14 MPR2
DQ7 MPR3 DQ7 MPR3 DQ15 MPR3

MPR READ Waveforms

The following waveforms show MPR read accesses.

Figure 36: MPR READ Timing
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2 2 Time Break V/‘ Don’t Care
Notes: 1. 'CCD_S = 4'CK, Read Preamble = 1'CK.

2. Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
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A2 = 0b (for BL = 8, burst order is fixed at0, 1, 2, 3,4, 5, 6, 7)

BA1 and BAO indicate the MPR location

A10 and other address pins are "Don’t Care," including BG1 and BGO0. A12 is "Don’t

Care" when MRO A[1:0] = 00 or 10 and must be 1b when MRO A[1:0] = 01

Multipurpose registers read/write disable (MR3 A2 = 0).

4. Continue with regular DRAM command.

5. Parity latency (PL) is added to data output delay when CA parity latency mode is ena-
bled.

w

Figure 37: MPR Back-to-Back READ Timing
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22Time Break Don't Care
Notes: 1. 'CCD_S = 4tCK, Read Preamble = 1tCK.
2. Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
A2 = 0b (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7; for BC = 4, burst order is
fixedat0,1,2,3, T,T, T, T)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care," including BG1 and BG0. A12 is "Don’t
Care" when MRO A[1:0] = 00 or 10 and must be 1b when MRO A[1:0] = 01
3. Parity latency (PL) is added to data output delay when CA parity latency mode is ena-
bled.
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Figure 38: MPR READ-to-WRITE Timing
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Notes: 1. Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
A2 = 0b (for BL = 8, burst order is fixed at0, 1, 2, 3,4, 5, 6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care," including BG1 and BG0. A12 is "Don’t
Care" when MRO A[1:0] = 00 and must be 1b when MRO A[1:0] = 01
2. Address setting:
BA1 and BAO indicate the MPR location
A[7:0] = data for MPR
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care"
3. Parity latency (PL) is added to da