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Embedded LPDDR2 SDRAM

Features
EDB1316BD, EDB1332BD, EDB2432B4, EDB4064B4
Features Options Marking
. * Density/Page Size
e Ultra low-voltage core and I/O power supplies — 1Gb/2KB - single die 13
=~ Vopz = 1.14-1.30V ~ 2Gb/2KB - dual die 24
= Vbpca/Vppg = 1.14-1.30V — 4Gb/2KB - quad die 40
~ Vppi1 = 1.70-1.95V Organization
* Clock frequency range _ 16 16
- 533-10 MHz (data rate range: 106620 Mb/s/pin) — x32 32
e Four-bit prefetch DDR architecture _ x64 64
¢ Eight internal banks for concurrent operation Voro: 1.2V B
e Multiplexed, double data rate, command/address Rg\?izioh
inputs; commands entered on every CK edge _ Single die D
* Bidirectional/differential data strobe per byte of _ Multi-die 4
data (DQS/DQS#) . FBGA “green” package
e Programmable READ and WRITE latencies (RL/WL) _ 134-ball FBGA BH
e Programmable burst lengths: 4, 8, or 16 — 134-ball multi-die EBGA MA
¢ Per-bank refresh for concurrent operation — 168-ball FBGA PC
e Partial-array self refresh (PASR) for PoP
* Deep power-down mode (DPD) ~ 216-ball multi-die FBGA PB
e Selectable output drive strength (DS) for PoP
e Clock stop capability Timing — cycle time
* RoHS-compliant, “green” packaging — 1.875ns@RL =8 1D
Operating temperature range
Table 1: Key Timing Parameters — From -30°C to +85°C (Blank)
— From -40°C to +85°C IT
Speed Clock Rate | Data Rate
Grade (MHz2) (Mb/s/pin) RL WL
1D 533 1066 8 4
Table 2: S4 Configuration Addressing
Architecture 64 Meg x 16 32 Meg x 32 64 Meg x 32 64 Meg x 64

Die configura-
tion

8 Meg x 16 x 8 banks

4 Meg x 32 x 8 banks

2 x 8 Meg x 16 x 8 banks

4 x 8 Meg x 16 x 8 banks

Row addressing 8K (A[12:0]) 8K (A[12:0]) 8K (A[12:0]) 8K (A[12:0])
Column ad- 1K (A[9:0]) 512 (A[8:0]) 1K (A[9:0]) 1K (A[9:0])
dressing

Number of die

Die per rank

Ranks per chan-
nel’

Note: 1.

A channel is a complete LPDRAM interface, including command/address and data pins.
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Figure 1: LPDDR2 Part Numbering

E D B 13 32 B D BH -ID IT -

Embedded Memory L Environment Code
F = Lead-free (RoHS-compliant)
Type and halogen-free
D = Packaged device
Operating Temperature
Product Family IT =-40°C to +85°C
B = DDR2 Mobile RAM Blank =-30°C to +85°C
Density L Speed (package only)
13 = 1Gb/2KB 1D = 1066 Mbps
24 = 2Gb/2KB
40 = 4Gb/2KB Package
BH = 134-ball VFBGA (10mm x 11.5mm)
Organization MA = 134-ball VFBGA (10mm x 11.5mm)
16 =x16 PC = 168-ball WFBGA (12mm x 12mm)
32=x32 PB = 216-ball WFBGA (12mm x 12mm)
64 = x64
Revision
Power Supply and Interface D (for single-die)
B =Vppq = 1.8V, Vpp, = Vppq = 1.2V; 4 (for multi-die)

S4B device; HSUL

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part marking that is different from the
part number. Micron’s FBGA part marking decoder is available at www.micron.com/decoder.

Table 3: Package Codes and Descriptions

Package Die per Solder Ball
Code Ball Count| # Ranks # Channels |Size (mm) Package Composition
BH 134 1 1 10 x 11.5 x 1.0, 0.65 pitch SDP SAC302
MA 134 1 1 10 x 11.5 x 1.0, 0.65 pitch DDP SAC302
PC 168 1 1 12 x 12 x 0.8, 0.5 pitch SDP SAC302
PB 216 2 2 12 x 12 x 0.8, 0.4 pitch QDP SAC302

Notes: 1. SDP =single-die package; DDP = Dual-die package; QDP = Quad-die package;.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).

X26P4QTWDSPK-13-10152 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.
u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN © 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features

Contents
GENETAL DESCIIPIION .iiiiiiiiiiiie ettt e e ettt e e ettt e e ettt e e eeaa e e eeasaeeeeaan e eaesnaneaeesnneeeesnnneeennnnnns 9
(€1 TS) 21 B\ (o] (PP P PP UUPPPPPPPTR 9
LR 0110 1 (o= N (o) o KIS 10
Package BIOCK DIQGTAINIS .....ceeeiiiiiiiiiiiiiee ettt e ettt e e e ettt e e e e e et eetbba e e e e eeeteettbna e e eeeereesnnanaaeeeeeeeees 16
PACKAZE DIINEIISIONS «eeeviiiiieieeeeeiiiitii ettt e e ettt e e e e e et eettba e e e eeeteettbaa e e eeeeteettbaaaaeeeeereesnnnnanaeeeeeneens 18
Ball ASSIGIIITIEIITS ...ceeeiiiiiiiiieeeeeeeititiii e e e e ettt ettt e e e e e et teettba e e eeeeteetbaa e e eeeeeeeebbaaa e e eeeeteesenaaaaeeeeeeeesnnnnaneeeeeeeans 21
Ball DESCIIPIIONS ..ueeeiiiieeiiiiie et e ettt e ettt e e ettt e e ettt e e ettt e e eeaaa e e e eaaaeeeeasaa e eeessaneaaesnanaaesnnneeassnnneeensnnnns 25
IS8T aTetu (o) =1 B B TcT Yot w1 o]0 o) s N USSP 26
L o) C] 1 U ) o OO TP PRUPTUPRPPNN 27
Initialization After RESET (Without Voltage Ramp) .......c..uuuiiiiiiiiiiiiiiiiee et 29
POWET-Of ..ottt e e e e e et ettt e e e e e et eee bbb e e e eeeteetbbaa e e eeeeeeetabnaaeeeeeeeaes 29
Uncontrolled POWET-Off ..o ettt e e e e e e eetb e e e e e eeeraebba e ees 30
Mode Register DefINItION .......ccoiiiiiiiiiiiiee ettt e ettt e e e e et teettba e e e e eeeeeetabaaaeeeeeeeens 30
Mode Register Assignments and DefiNitions .........oceeeiieeiiiiiiieeee et e e e e 30
ACTTIVATE COMIMANA ...uiiiiiiiiiiiiie e ettt e e et ettt e e e e et etttttaa e s e eeeeteettbaaa s e eeeeteestsana e eeeeteesssnnaneeeeeeesssnnnnn 41
R TN a1 DAy (o 0] o1 Ua (o) o H PRSP 41
Read and WIte ACCESS IMOTES ....cevvuriuiiiieeeiiiiiiiiie e ee ettt e e e ettt e e e e e et teettba e e e e eeeteettbna e e eeeeeeesnnnnan e eeeeeeens 42
BUrst READ COMIMANA ..vvuuiieeiiiiiiiiiiiee e ettt e e e ettt e s e e e et tetttaaa e e eeeeteettbaaa e e eeeeteastnanaa e eeeereessnnnanaeeeeeeens 42
READs Interrupted DY @ READ ....coouiiiiiiiieie ittt e e ettt e e e e e e e ettt e e e e e e eerebbba e ees 49
BUrSt WRITE COMIMANIA .....uiieiiiiiiiiiiie ettt e e ettt e e e e e ettt e e e e et teetbbba e e e eeeeteetebnaaaeeeeereesnnnnanaeeeeeeeens 49
WRITESs Interrupted by @WRITE ......cooiiiiiiiiie ettt e ettt s e e e e eeeaebbae e e eeeeeeees 52
BURST TERMINATE COMIMANA etttttiiiiieeiiiiiiiiiieee e ee ettt e e e et ttettte e e e eeeteettbaiaeeeeeeteettbnaaaeeeeereesnnnnanaeeeeeeeens 52
WIIEE DAtA IMASK ettt ettt e e e ettt ettt e e e e e e et eetbbaa e e e e e et eenebbb e e e e eeeeeerbaaan 54
PRECHARGE COMIMANA ....uuiiiiiiiiiiiiieee ettt e ettt e e e e ettt ettt e e e e et eeetbbba e e eeeeteettbanaaeeeeeeeesnnnnaneeeeeeeens 55
READ Burst Followed by PRECHARGE .......cooouiiiiiiiiiieiiiiiie ettt e e e e eraabe e 56
WRITE Burst Followed by PRECHARGE .........coiiiiiiiiiiiiiie ettt ettt e e e e eeeabb e e e e e eneees 57
AULO PIECRATEE «.oeeiiiiiiiie ettt e ettt e e e e e et e ettt e e e e e e eeeaaabba e e e eeeeeranbbaaaaeeeeeneens 58
READ Burst With AULO PTECRATZE .......uuiiiiiiiiiiiiiiee e ettt e e e e erebbb e 58
WRITE Burst With AULO PIECRATEZE ....ceiiiiiiiiiiiie ettt e e ettt e e e e e eeeeebb e e e e eeeneens 59
REFRESH COMIMANA etttttiiiieeiiiiiiiiiiie e ettt e e e ettt e e e e e et teettaa e e e eeeeteettbaa e e eeeeteastbaaa e eeeereesnnnnaneeeeeeeens 61
REFRESH REQUITEIMIEIITS .. .ceuniiiiiiiitiiie et e ettt ettt e et e et e e et e et e e ta e etaa e e et e et e etaeeanneeenaeesnneennnnns 67
SELF REFRESH OPETAtION ...ceuuiiiiiiiie ettt ettt ettt e e et e et e et e e ea e e et e eea e eta e e ean e eeaaeeanneeenaaaeen 69
Partial-Array Self Refresh — Bank Masking ..........uuiiiiiiiiiiiiiiiii e 70
Partial-Array Self Refresh — Segment Masking ..........cooieeuiiiiiiiiiiiiiiiiii et 71
MODE REGISTER READ ...ttt ettt ettt e e e e ettt s e e e e et e e et e e e e e e e teetabaa e e eeeeeeesnsnnaaeeeeeneens 72
TEIMPETATUTE SEIISOT ....eitiiitie ittt ettt ettt et e e e ta e e ta e e et e e et e et e e ta e e taa e etaa e eaa e eeaneeeaaeeanneeesaeesaneesnnnns 74
| D10 X OF:1110) = 1u (o) s H RNt 76
MODE REGISTER WRITE COMIMANA ....ceiiiiiiiiiiiieeeeeeeiieiiiie e e ee ettt e e e eeeteetttiiaseeeeeteetnnnaaaeeeeereesnnnnnnaeeeeeeeens 78
MRW RESET COIMIMIANIA ....uuiieeiiiiiiiiiiiiee ettt e ettt s e e e e e et ettt e e e e e eeeteabba e e eeeeeeeeebbaa e eeeeeeranrnaaanees 78
MRW ZQ Calibration COMIMAINIAS ......c.uueirinieiieeiiieeiiieeeie e et eeetieeste e et eetteestnesstaaestnestenesstnessenesssaessneessnnans 79
ZQ External Resistor Value, Tolerance, and Capacitive Loading ............ccoeeeiiiiiiiiiiiiiiniiiiiiiiiiiie e 81
POWET-DIOWIL c.euiiiiiiiii ettt e e ettt a e et e e ta s et e e eaa e eaa e e taaeeeaaenanes 81
DEEP POWET-DIOWIL ...eiiiiiii ettt ettt e e et e et e et e ea et et e e e et e taa e eneen e eaneeenaeaaeenneennennneen 88
Input Clock Frequency Changes and StOP EVENTS ......ccouuuiiuiiiiiiiiiiiiiiiiee ettt ettt e e et e e e e eeeens 89
Input Clock Frequency Changes and Clock Stop with CKE LOW ....c..uuiiiiiiiiiiiiiiiiiieeeccceie e 89
Input Clock Frequency Changes and Clock Stop with CKE HIGH .........ccooiiiiiiiiiiiiiiiiiciiiiii e 90
NO OPERATION COMIMNANA ...eeittritiiniieeeeeetittiiiieeeeeeettetttui e eeeetteeteaaa e eeeeteeetsnaaaeeeeteesnsnnaaeeeeereesmsmnnaeeeeeeeens 90
Simplified Bus Interface State DIaIam ........ccooeuuiimiiiiiieiiiiiiiiie ettt e e e e e eeebbe e e e e eeeeeeenaaas 90
TIUER TADLES ..ottt e e e e e et ettt e e e e e e teetb b e e e eeeeteettbaa e e eeeeeeesnnanaaeeeeeeeees 92
21 CTotnn (o I o TcToa 1 162: 10 (o) o KPP 100
X26P4AQTWDSPK-13-10152 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN © 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features

Absolute MaximuUIT RATINGS ....uuuueeeiiiiiiiiiiiieee ettt e e ettt e e e e e e etttbbiaa s s e eeeeeettabaa e e eeeeeeesabaaaneeaaaaees 100
INPUL/OULPUL CAPACITATICE ... eeeereieeeiiiiee ettt e ettt e e ettt e e e et e e e et e e ettt s e ettt s eeetba s eeteban s eeeenanseeeenaneeeeennnees 100
Electrical Specifications — Ipp Specifications and Conditions ...............ceeeiiiiiiiiiiiiiiie e 101
AC and DC Operating CONAITIONS ......ceetiiuriuieeeeeteiiiiiiie e e eeetettitie e e eeeeettabii s eeeeeetttttaaeeeeeeettatnnaanseeeeeeeesmnns 104
AC and DC Logic Input Measurement Levels for Single-Ended Signals ............ccccooiiiiiiiiiiininiiiiiiiiiiiineeeeeeeeene, 106
AT L] (5 1 s Lo PRSP 107
INPUL SIZNAL Looiiiiiiiii 108
AC and DC Logic Input Measurement Levels for Differential Signals .............cceeviiiiiiiiiiiiiiiiniiiiiiiiiiiie e, 110
Single-Ended Requirements for Differential Signals ............c.uuuiiiiiiiiiiiiiiiiiiii e, 111
Differential Input CroSSPOINT VOITAZE ......ceeiiiiiiiiiiieeeeiiiiiiiiiee ettt e e e e e e et ittt e e e eeeeeeeeaaaees 113
INPUE SIEW RALE ...ttt ettt e e e e e e ettt bbb e e e e e e e eetbbba e e e eeeeeeebbbaaeeeeeeeeeansnnaannnes 114
Output Characteristics and Operating CoONAItIONS ..........coeeiiuuuuiereeeriiiiiiiie e ee ettt eeeeeetiiie e e eeeeeeeeaiaaees 114
Single-Ended OUtPUL SIEW RALE .....coeiiiiiiiieeieiieiiiiiiee ettt e e e e et ettt e e e e eeetetbab e e eeeeeeeannnas 115
Differential OUtPUL SIEW RALE .....ceevuuuiiieeiiiiiiiiiiiie ettt e e ettt s e e e e e eetabbae e e e eeeeeeaeanaanees 116
HSUL_12 Driver Output Timing Reference Load ............ccccccciiiiiiii 118
OUtPUL DIIVET IMPEAATICE ....uuieieiiiiiiiiiiieee e ettt e e e e e ettt bbb e e e e e e e eetbbbaeeeeeeeeeeaenaaannees 118
Output Driver Impedance Characteristics with ZQ Calibration ............c...uiiiiiiiiiiiiiiiiiinn e, 119
Output Driver Temperature and Voltage SENSITIVITY .........cceuuuruuiiirriiiiiiiiiiiiire et eeeeteii e e e eeeeeaeena 120
Output Impedance Characteristics Without ZQ Calibration .............coeeeuiuiiiiiriiiiiiiiiiiiiiie e 120

(0] [oTol @) o T=Toa v i 16221 (o) s KT U PP PPPRPTR 123
{CK(abs), 'CH(abs), Nd CL(ADS) ....ceeeceiiiiiiereeeeeeiiiitieeteeeeeeesttateeeeeeesesensnraeeeeeesesassssssareeaeesssansssssseeaeaeeenns 124

(0] [oTol @ &= u (016 ) 1 =) TP U PP PPPPPTRRT 124
Clock Period Jitter Effects on Core Timing Parameters ............uuueeeeeiiiiiiiiiiiiieeeeeeeiiiiiiine e eeeeeeeiiiie e eeeeeeennnns 124
Cycle Time Derating for Core Timing PATamMETeTs ..........cccevttiiuuiiirreeeiiiiiiiiiiieeeeeeeetiiiiiaaeeeeeeettetniieeeeeeeeeeanens 125
Clock Cycle Derating for Core Timing Paraimeters ............coeuuuuuiiereeeeeiiiiiiiiiineeeeeeetiiiiiaaeeeeeeetteiiiieeeeeeereennens 125
Clock Jitter Effects on Command/Address Timing Parameters ............ccuuuuuireeeiiiiiiiiiiiineeeeeeeeiiiiiine e eeeeeeeenens 125
Clock Jitter Effects on READ Timing PArameters ........veeeeieiiiiiiuiineeeeeeiiiiiiieeeeeeeeetiiiiiaeeeeeeeeteniiaeseeeeeeesnnens 125
Clock Jitter Effects on WRITE Timing Parameters ...........ccoeiiuuuuiiireeeiiiiiiiiiiiineeeeeeeeiiiiiiaeeeeeeeeteiiiieeeeeeeeeennnns 126
REfreSh REQUITEITIENITS ....uvuiiieiiiiiiiiiiiiee ettt e e e e e et ettt b e s e e e e e eeaabbb e eeeeeeesbbbaaeaeaaaees 127
ACTIITUIIZ ..ottt ettt e e e e e ettt e b e e e e ettt b e e e s e e et e taaa b s e e eeetaaaaaaaa s eeeeenananaas 128
CA and CS# Setup, Hold, and DETAtINE .....ceeeeeiiiiiiiiiiieeeeeieeiiiiiee ettt e e e e ettt s e e e e eeeetbbi e e e e eeeeeeaeaaaanees 134
Data Setup, Hold, and SIeW Rate DETAtiNg ..........uuveeeiiiiiiiiiiiiine ettt ettt e e e e ettt e e e e eeeteabbineeeaeaees 141
REVISION HISTOTY ...ueeiitieeiiiie ettt ettt e e ettt e e e et e e e eaa e e e ee b e e e eeaa e e eetsa e e etenaeeeeenaeeeennans 148
e VA S L L T PP 148
LA VA B Y A L TP PT PP 148

L A ORI 148
e VA S e B I TP 148

L VA 01 7 T PP 148
X26P4AQTWDSPK-13-10152 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN © 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features

List of Figures

Figure 1: LPDDR2 Part NUIMDETING .....ceeeiiiiiiiiiiiie ettt e e e e e e et eetbb e e e e eeeeeebbbaneaeeeeeeeens 2
Figure 2: VppTypical Self-Refresh Current vs. Temperature (Per Di€) ........ccceuvuuiiireiiiiiiiiiiiiineeeiirieiiiiieeeeeeeeees 15
Figure 3: Vpp, Typical Self-Refresh Current vs. Temperature (Per Die) ........ccceuvuuiiiireiiiiiiiiiiiiine e eeeeeees 15
Figure 4: Single Die Single Rank, Single Channel Package Block Diagram .............ccceeeiriiiiiiiiinneiiiriiiiiiiineeeeeeees 16
Figure 5: Dual Die Single Rank, Single Channel Package Block Diagram .............ccooeeeiiiiiiiiiiiinneiiiiiiiiiiiiee e 16
Figure 6: Quad Die Dual Rank, Dual Channel Package Block Diagram ..............ccooeviiiiiiiiiiiiinneiiiiiiiiiiieee e 17
Figure 7: 134-Ball VFBGA — 10mm x 11.5mm (Package Code: BH, MA) .....cccouuiiiiiiiiriiiiiiiiiiiieee e 18
Figure 8: 168-Ball WFBGA — 12mm x 12mm (Package Code: PC) ........iiiiiiiiiiiiiiiiiiie et 19
Figure 9: 216-Ball WFBGA — 12mm x 12mm (Package Code: PB) ........iiiiiiiiiiiiiiiiiee et 20
Figure 10: 134-Ball FBGA (X16) eevtttuuuiieeetettiitiieee e et etttiitie e e e eeettetttti s e eeeeteettbaaaaeeeeeteestnnaaaeeeeereesnnnnanaeeeeeeees 21
Figure 11: 134-Ball FBGA (X32) eevtttuuueteeetetttitiiaeeeeeettetiiie e e e eeettatttii e e eeeeteettsaaaaeeeeeteastnnaa e eeeereesnnananaeeeeeeeens 22
Figure 12: 168-Ball FBGA ......cciiiiiiiiiiiiie ettt ettt e e ettt e e e e e et ettt e e e e e et teettbaa e e eeeeeeesanaaa e eeeeaeaes 23
Figure 13: 216-Ball FBGA ......cciiiiiiiiiiiie ettt ettt e ettt e e e e e ettt bbb e e e e e et teettbaa e e eeeeeeesannaaaeeeeeaeaes 24
Figure 14: Functional BOCK DIQ@Iam .......cccuuiuuiiiieeiiiiiiiiiiieee ettt e ettt e e e e e e teettbie e e e e e ereetbeaaaeeeeeeeens 26
Figure 15: Voltage Ramp and Initialization SEQUENCE ..........cceeiiiiiiiiiiiiiiieeieiiiiie et eeeeeees 29
Figure 16: ACTIVATE COMIMANA ..ettuuuieeiiiiiiiiiiieeeeee ettt e e e et ettt e e e e et teettbai e e e eeeeteettbaaaaeeeeereesannnanaeeeeeeeees 41
Figure 17: 'FAW Timing (8-Bank DEVICES) .....ceeriiuueiiiiieeeeeieiiiitiieeeeeeeseieteeeeeeeeeseenateteeeaeeesasnnseeeeeeaeeeeaannneeees 42
Figure 18: READ Output Timing — "DQSCK (IMAX) ....ettteeeeiiiiiiittieeeeeeeeeiieeteeeeeeesaaieeeteeeaeeesaaaneneeeeeaeeeeaaannneeees 43
Figure 19: READ Output Timing — 'DQSCK (IMIIN) ....eetiieeeiiiiiiiiiieeeeeeeaieeeeeeeaeeeseaieeetteeaeeesaaanneneeeeeaeeeeaaannneeees 43
Figure 20: Burst READ —RL =5, BL =4, 'IDQSCK > '1CK ...eetiiiiiiiiiiieeee ettt e ettt e e e e e e et eeaa e e e e e enneeees 44
Figure 21: Burst READ — RL =3, BL = 8, 'IDQSCK < ICK ...t tieiiiiiiiiiee e ettt e e e ettt e e e e e e et ee e e e e e e enneeees 44
Figure 22: 'DQSCKDL TIMNINE +eeeeeeiiiiitiitiiteeeeeieieet et eee e e e ettt et eeeeeesaaanteteteeeaeeesaannseteeaaesesaaannsseeeeaaeeeeaaannnseees 45
Figure 23: 'DQSCKDM TN +eeeeeeeiuuitiitieteeeeesaiieeteeeeeeeeaeeieteeeeeeesaaanteeeeeaeaeeesaannasetaeaaeeesaaansseeaeeaeeeesaannnneees 46
Figure 24: 'DQSCKDS TIIMINE «.eeeeeeiiiiiiiiiieeeeeeeseieee et eee e e e ettt eeeeeesaaaaaaeeteeaaeeesaannnsetaeeaeeesaaannsseeaeeaeeeeaannnneeees 47
Figure 25: Burst READ Followed by Burst WRITE—RL =3, WL=1,BL=4 .. oottt 48
Figure 26: Seamless Burst READ —RL =3, BL =4, lCCD = 2 ....utiiiiiiiiiiiiiiiiiieeee e ettt e e e e e e e e e e e e e e 48
Figure 27: READ Burst Interrupt Example —RL =3, BL=8,1CCD =2 .......uutiiiiiieeeiiiiiiieee et e e e 49
Figure 28: Data Input (WRITE) TiITlIIE ...cevvuuieiiiieeeiiiiie ettt e e et e e et e e eeene e e eeene e e eenna e eeeenanes 50
Figure 29: BUurstWRITE —WL =1, BL =4 oottt et e e et e e et e e e eane e e eeenanes 50
Figure 30: Burst WRITE Followed by Burst READ —RL =3, WL=1,BL=4 .. ittt 51
Figure 31: Seamless Burst WRITE =WL =1, BL =4, FCCD =2 ....eitiiiiiiiiiiiiiiiiieeeeeeeeiieteeee e e e e e e e e e e e e e eneeeees 51
Figure 32: WRITE Burst Interrupt Timing —WL =1, BL =8, 1CCD =2 ....ccuutiiiiieeeeiiiiieeee e eeeeeee e e e e 52
Figure 33: Burst WRITE Truncated by BST WL =1, BL=16 ...cciiiiiiiiiiiiiieeiiiiiiiiieee ettt eeeeeees 53
Figure 34: Burst READ Truncated by BST —RL =3, BL =16 ....cceeiiiiiiiiiiiieeeieiiiiiieee ettt eeeeeens 54
Figure 35: Data Mask TIMING ...covuuriuiiiiieiiiiiiiie ettt e ettt ettt e e e e e e teettbaa e e e e eeeeeesnranaaeeeeeeeans 54
Figure 36: Write Data Mask — Second Data Bit Masked ...........cooooiiiiiiiiiiiiiiiiiiii e 55
Figure 37: READ Burst Followed by PRECHARGE - RL = 3, BL = 8, RU('RTP(MIN)/'CK) =2 ...ccouviviiiniiiiceeinee. 56
Figure 38: READ Burst Followed by PRECHARGE - RL = 3, BL =4, RU(RTP(MIN)/'CK) =3 ..ccovouviriiiiieeeeiieen. 57
Figure 39: WRITE Burst Followed by PRECHARGE —WL =1, BL =4 ....cciiiiiiiiiiiiiiiee e 58
Figure 40: READ Burst with Auto Precharge — RL = 3, BL =4, RU (RTP(MIN)/ICK) =2 oo 59
Figure 41: WRITE Burst with Auto Precharge —WL =1, BL =4 . ..ottt eeeees 60
Figure 42: Regular Distributed Refresh Pattern ...........ooouuuiiiiiiiiiiiiii e eeeees 64
Figure 43: Supported Transition from Repetitive REFRESH BUISE .......iviiiiiiiiiiiiiiiin e 65
Figure 44: Nonsupported Transition from Repetitive REFRESH BUISE ......cccootiiiiiiiiiiiiiiiiiiiiiee e 66
Figure 45: Recommended Self Refresh Entry and EXit ........ccooeiiiiiiiiiiiiiiriiiiiiiiiee e 67
Figure 46: 'SRE DEfINTTION ....eiiiiiiieiiiiiiit ettt e ettt e e e e ettt e e e e e e e ettt e eaeeeseannsseeeeeaeeeeaannnneees 68
Figure 47: All-Bank REFRESH OPETAtION ..ccevutuuiiiieeiiiiiiiiiiieie ettt ee ettt e e e e e e teettbie e e e e e ereetnniaaaeeeeeeeens 68
Figure 48: Per-Bank REFRESH OPETAtiON ....cuuuuuiiiiiiiiiiiiiiiieieeee ettt eeeeeeitiiee e e e e et teettbie s e e eeereetanaaaeeeeeeeens 69
Figure 49: SELF REFRESH OPETALION «..uuiiiiiiiiiiiieeeiiiiie et ettt e e e et e e et e e e eene e e eean e e eeenanes 70
Figure 50: MRR Timing —RL =3, IMRR = 2 ...eieiiiiiiiiiiee e ettt e e e ettt e e e e e ettt e e e e e e ettt eeeaeeeeaennnnees 72
X26P4AQTWDSPK-13-10152 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features
Figure 51: READ to MRR Timing — RL =3, IMRR = 2 .....tiiiiiiiiiiiiiiiee ettt et e et e e s 73
Figure 52: Burst WRITE Followed by MRR—RL =3, WL =1, BL =4 ...ccccccccciiiiiiiiiiiiiiiiiiiiieeeeeeee 74
Figure 53: Temperature Sensor TiMINEG ............cceiiiiiiiiiiiiiiiiiii et eeeeans 76
Figure 54: MR32 and MR40 DQ Calibration Timing — RL =3, IMRR = 2 .....cccovuiiiiiiiiiieiiiiiiieeeniiieeeeeeeeee e 77
Figure 55: MODE REGISTER WRITE Timing — RL =3, IMRW =5 ......ccieiiiiiiiiiieeeeeieiiiereee e e e eeinneeeeeee e e e nennaes 78
Figure 56: ZQ TIMUIIES ...ouuuiiiiiiiiiiiiiie ettt e ettt e e e e et e e ab e s e e e e e teaaaaa s e e eaeaenns 80
Figure 57: Power-Down Entry and Exit TIMING ........coooiiiiiiiiiiiiiiiceeeeeeee 82
Figure 58: CKE Intensive ENVIFONIMEIIT .........uuuuiiiiiiiiiiiiiiiiic ittt e et eeeeans 82
Figure 59: REFRESH-to-REFRESH Timing in CKE Intensive ENVIronments .............cccccvviviiiiniiiiiniiiiiiinnnneeennnn, 82
Figure 60: READ t0 POWer-DOWN ENETY ....oooiiiiiiiiiiiiiiiiiiiii et 83
Figure 61: READ with Auto Precharge to Power-Down ENtry ........cccccciiiiiiiiiiieeeee 84
Figure 62: WRITE to POWEr-DOWIN ENITY ...oooiiiiiiiiiiiiiiiiiiiiiic ettt 85
Figure 63: WRITE with Auto Precharge to Power-Down ENTIY ... 86
Figure 64: REFRESH Command to Power-Down ENtIy ... 87
Figure 65: ACTIVATE Command to POwer-Down ENtry ........ccccciiiiiiiiiiiiiieeceeecee 87
Figure 66: PRECHARGE Command to POwer-Down ENtry ..o 87
Figure 67: MRR Command to POWer-Down ENtIY ... 88
Figure 68: MRW Command to Power-Down ENIY ... 88
Figure 69: Deep Power-Down Entry and Exit TIMINgG ...t 89
Figure 70: Simplified Bus Interface State DIagram ...........ccoooiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 91
Figure 71: Vggr DC Tolerance and Vygp AC NOiS€ LIMIITS ....uuveiiiiiiiiiiiiiiieeie ittt ettt e e e 107
Figure 72: LPDDR2-466 to LPDDR2-1066 INput Signal ...t 108
Figure 73: LPDDR2-200 to LPDDR2-400 Input Signal ...t 109
Figure 74: Differential AC SWing Time and IDVAC .........ccooiiiiiiiiiiiieeiiiiiiee et e e e s sieeee e 110
Figure 75: Single-Ended Requirements for Differential Signals ..............cccccccc 112
Figure 76: Vix DEINItION ....coeiiiiiiiiiiiiiie ettt e e e e et ettt e e e eeeeebtbbaaeeeaeeees 113
Figure 77: Differential Input Slew Rate Definition for CK, CK#, DQS, and DQS# ..........cccovtuuiiiieiiiiiiiiiiiiiiineeeenees 114
Figure 78: Single-Ended Output Slew Rate Definition ............ccccciiiii 115
Figure 79: Differential Output Slew Rate Definition ...........ccccciiiiiii 116
Figure 80: Overshoot and Undershoot Definition ............cccccciiii 117
Figure 81: HSUL_12 Driver Output Reference Load for Timing and Slew Rate ..................ccccccccc. 118
Figure 82: OULPULDIIVET .....oiiiiiiiiiiiiiiiiiii et e e et e b s eeeees 119
Figure 83: Output Impedance =240 Ohms, I-V Curves After ZQRESET ..........ccccccciiii 122
Figure 84: Output Impedance =240 Ohms, I-V Curves After Calibration ..............c.ccccccc . 122
Figure 85: Command Input Setup and Hold Timing ...........ccccciiiiiii 134
Figure 86: Typical Slew Rate and 'VAC - IS for CA and CS# Relative to CLOCK .........ccceeeveriiiiiiiniiiiiiiiiieeenee, 137
Figure 87: Typical Slew Rate — 'TH for CA and CS# Relative to CLOCK ..........cccovviiiieiiiiiiiiiiiiicciiecceeieee e 138
Figure 88: Tangent Line — IS for CA and CS# Relative to CLOCK .........ccoovviiiiiiiiiiiiiiiiiececceeeceeeee e 139
Figure 89: Tangent Line — TH for CA and CS# Relative to ClOCK .........ccoouiieiiiiiiiiiiiiiieeeniiieee et eseee e 140
Figure 90: Typical Slew Rate and 'VAC - DS for DQ Relative to Strobe ...........cceeeeeviiieiiniiiieiiiiiieeeeiieeee e 144
Figure 91: Typical Slew Rate — 'DH for DQ Relative t0 StroDe ...........ceeiriiiiiiiiiiiieiiiiieeeeeee e 145
Figure 92: Tangent Line — 'DS for DQ with RESPECt t0 StrODE .........eeiiiiiiiiiiiiiiiieiiiiieeeee e 146
Figure 93: Tangent Line — 'DH for DQ with ReSPeCct t0 StTODE .........eeeiiiiiiiiiiiiiiieiiiiiee e 147
X26P4AQTWDSPK-13-10152 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features

List of Tables

Table 1: Key Timing PATAIMETETS ........uiiiiiiiiiiiiiiiiie ettt ettt e e et ettt e e e e e et eeatbbaa e e e eeeeeeeetbnnaaeeeeeneees 1
Table 2: S4 Configuration AAATESSITIZ .....cceiveiiimiiiieeee ettt ettt e e ettt e e e e e et eeetbba e e e eeeeeeetebaaaaaeeeeeeeees 1
Table 3: Package Codes and DeSCIIPTIONS ...ccuuuruuieeeeiiiiiiiiiiie ettt e e e et ettt e e e e e e eeeeabbiaeeeeeeeerentbnnaaeeeeereees 2
Table 4: Ipp SPecifications (32 MEZ X 32) ..ccvuuuiuuiiie ettt e ettt e e e et teeetb e e e e eeeteettbaaaaeeeeereesnnanaaeeeeeeeees 10
Table 5: Ipp SPecifications (64 MEZ X 16) ..ccuuuuuuueeeeeiiiieiiiie e e e ettt e e e eeeteettaeaa e e eeeeteettbaaaaaeeeeereesnnnnanaeeeeeeeens 11
Table 6: Ipp Specifications (64 Meg X 32, 64 MEZ X 64L) .....ccciiiiiiieeiiieeiieeeiieeeieeeeieeesree e e e sreesereeeaaeeeneees 12
Table 7: Ippg Partial-Array Self Refresh CUTTENT ......cooiiiiiiiiiiiieiii et eeeeeees 14
Table 8: Ball/Pad DESCIIPTIONS ....uuiiiiiiieeeiiiieeetitieeeeeiiee e ettt e e ettt e e ettt e eetataeeeeataeeeessaeaeesnnnseensnnseeeennneeensnnnns 25
Table 9: Initialization TiMing PAramMETers ..........cceeeeiiiiiiiiiiiiiee ettt e e ettt e e et teettbie e e e eeereetaniaaaeeeeeeeens 29
Table 10: POWer-Off TIMIIING ...ccoviriiiiiiie ettt e e ettt ettt e e e e e et teettbi e e e eeeereesabaaaaeeeeeeeaes 30
Table 11: Mode RegiSter ASSIGIITIEIITS ....cccetriutruiieeeeeeetiiiiiie e e e eeettettti e e eeeeteettbaaaaeeeeeteentbaaaaeeeeerresnnnnaneeeeeeeees 31
Table 12: MRO Device Information (IMA[7:0] = 000) ..uuenieininiien ettt et et e e e e e e e ee e e eaaeneans 32
Table 13: MRO Op-Code Bit DefiNitions .......eiiiiiieiiiiiiie ettt e et e e et e e e et e e e eeaneeeeeeannes 32
Table 14: MR1 Device Feature 1 (IMA[7:0] = 0111) cnuniniiiiei ettt ettt e e et e e e et e e eneans 32
Table 15: MR1 Op-Code Bit DefiNitions .......ceiiiiiiieieiiiiieeiiiiie et e e e et e e eeaa e e e eeaneeeeeeannes 32
Table 16: Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control (WC) .........cccevvviiiiiireeeeennes 33
Table 17: NO-WIAP RESITICTIONS ...uuiiiiiiieeeiiiiie ettt e ettt e et e e eeaee e e ettt e e ettt eeeeataeeaeasaneaeesnnnseassnneeesnnneeensnnnns 34
Table 18: MR2 Device Feature 2 (IMLA[7:0] = 0211) . .vuinieiie ittt ettt e e e e e e e et e e e eneans 34
Table 19: MR2 Op-Code Bit DefiNitions .......eiiiiiiieieiiiieeeiiiie ettt e e e e tae e e eeea e e e eeaaeeeeenannes 35
Table 20: MR3 1/0 Configuration 1 (MA[7:0] = 031) .ceertiiiiiiiieeiiiiiiie e et e e e re et eeeeeeeees 35
Table 21: MR3 Op-Code Bit DefiNitions .......ceiiiiiieiiiiiie et e et e e et e e e e eeaeeeeeaneeeeeennnes 35
Table 22: MR4 Device Temperature (MA[7:0] = 041) ...uuuiiiiiiiiiieiiie et e et e e et e e eeeaaaes 35
Table 23: MR4 Op-Code Bit DefiNitions .......ceiiiiiiieiiiiiiieeeiiie et e et e e e tae e e eeea e e e eeaneeeeeeannes 36
Table 24: MRS5 Basic Configuration 1 (MA[7:0] = 051) eeeuuruiiiieeiiiiiiiiiie ettt e ettt eeereetebie e e e eeeeeens 36
Table 25: MR5 Op-Code Bit DefiNitions .......viiiiiieiiiiiiieeeiiiie et e e e et e e eeea e e e eeaneeeeeennnes 36
Table 26: MR6 Basic Configuration 2 (MA[7:0] = 061) ...c.uuuiiieeiiiiiiiiiiieee ettt eeereetie e e e e ereebebie e e eeeeeens 37
Table 27: MR6 Op-Code Bit DefiNitions .......ceiiiiiieiiiiiie i e e e et e e eeea e e e eeaaeeeeeenanes 37
Table 28: MR7 Basic Configuration 3 (MA[7:0] = 07H) eeeuruuiiiieieiiiiiiie ettt e ettt eeerretebie e e eeeeeens 37
Table 29: MR7 Op-Code Bit DefiNitions .......eiiiiiiieiiiiiieeeiiiie ettt e et e e et e e eeaa e e e eeaneeeeeenanes 37
Table 30: MR8 Basic Configuration 4 (MA[7:0] = 08H) ...euuuuuiiiieiiiiiiiiiiee ettt e et eeere et e e e eeeeees 37
Table 31: MR8 Op-Code Bit DefiNitiOns .......ceiiiiiieieiiiieeeiiiie et e et e e et ae e e e eea e e e eeaaeeeeaeannes 37
Table 32: MR TeSt MOde (IMA7:0] = 091) ..euinieiniii ettt e ettt e et e e e e e e e e ee e e eaaenaans 38
Table 33: MR10 Calibration (IMA[7:0] = QAR c..uuiniiiiee ettt ettt e e e e e e e et e e aaenaans 38
Table 34: MR10 Op-Code Bit DefiNitions ......ciiivuueiiiiiiieieiiiiie ettt e et e e et e e e e eaa e e e eeaaeeeeeennnes 38
Table 35: MR[11:15] Reserved (MA[7:0] = OBR—0FH) ....uoniuiiiii ettt e e et e e eneaas 39
Table 36: MR16 PASR Bank Mask (MA[7:0] = 010R) ...ccoeiiiiiiiiiiiiiiiiii e 39
Table 37: MR16 Op-Code Bit DefiNitions ......cccevuueiiiiiiieiiiiiiie ettt e e e et e e eeaa e e e eeaneeeeeenanes 39
Table 38: MR17 PASR Segment Mask (MA[7:0] = 011H) ...uuuiiiiiiiiiiiiiiiie ettt eeeeeees 39
Table 39: MR17 PASR Segment Mask Definitions .........c.uuuiiiiiiiiiiiiiiiiie et e e e 39
Table 40: MR17 PASR Row Address Ranges in Masked SEZMEeNts ...........cccceeriiiiiiiiiineeiiiiiiiiiiiine et eeeeens 39
Table 41: Reserved MOde REGISTETS .......ceciiiiiiiiuiiiie ettt ettt e ettt e e e e e et teettbi e e eeeereetnnaaaaeeeeeeeaes 40
Table 42: MR63 RESET (MA[7:0] = 3Fh) = MRW ONLy ...cccooiiiiiiiiiiiiiiiii e 40
Table 43: Bank Selection for PRECHARGE by Address Bits .......ccccuuuiuiiiiiiiiiiiiiiiiieee et eeees 56
Table 44: PRECHARGE and Auto Precharge ClarifiCation ...........ccouuuueiiiiiiiiiiiiiiiiiee e 60
Table 45: REFRESH Command Scheduling Separation ReqUIrements ...........c.uuuuiieeeeiiiieiiiiiiineeeierieiiiiieeeeeeeeeens 62
Table 46: Bank and Segment Masking EXamIPIe .......cccoouuiiiiiiiiiiiiiiiiiie ettt eeeeeees 71
Table 47: Temperature Sensor Definitions and Operating Conditions ...........c..eeiiereeiiriiiiiiiiine e eeeeeens 75
Table 48: Data Calibration Pattern DeSCIIPTION ....ciiiuuieiiiiiiieeeiiiieeeeiiiiee et e et e et e e e teieeeeeaaeeeeeanneeeeennnes 77
Table 49: Truth Table for MRR and MRW  .......ouuiiiiiiiiiiiiiiie ettt e e ettt e e e e e e e e etbbe e e e e e eeeees 78
Table 50: Command TrUth TADLE ........cccoiiiiiiiiiiiii e e e ettt e e e e e eeeetbbie e e eeeeeeees 92
X26P4AQTWDSPK-13-10152 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



(p/'? ICron Embedded LPDDR2 SDRAM

Features
Table 51: CKE TEUth TADIE ....ccoiiiiiiiiiieie et e e ettt e e e e e e e et ettt s e e e eeeeettabaaaeeaeaaeees 93
Table 52: Current State Bank n to Command to Bank 72 Truth Table ...........ccoouuiiiiiiiiiiiiiiiiii e 94
Table 53: Current State Bank n to Command to Bank m Truth Table ...........ccouuiiiiiiiiiiiiiiiiii e, 96
Table 54: DM TIUtI TADLE .....ccooiiiiiiiiieie e ettt e e e e e e e et ettt e e e e eeeeeebabaaeeeeaeeaeaes 99
Table 55: Absolute Maximum DC RAtINES ....c..uuuirriiiiiiiiiiiiiiee ettt ettt e e e eeeeteaaies e e e eeeeeetbbiaaeeeeeaees 100
Table 56: INPUt/OUPUL CAPACITAIICE ....eeeiiiiiiiiiieeeeeeeieiiiiiiee e e e e ettt e e e eeeettebii e e e eeeeettabtaaseeeeeeetssbtaaneaaaaeees 100
Table 57: Switching for CA INPUL SIGNALS ....coevuiuiiiiiiiiiiiiee ettt e e e et eeeeaees 101
Table 58: SWItChiNgG fOT TR «+eeevrvvrrunnretetttiiiiie ettt e e e et ettt e e e e e e e etttbbi e eeeeeeestabaaeeeeeaaes 102
Table 59: SWItChING fOT TDDAUy «oeeeerrrrmnee ettt e et ettt s e e e e e eetttbbia s e e e eeeeetabbaaeeeeeaaes 102
Table 60: Ipp Specification Parameters and Operating CONAitiONS .........ceeeeeeiiiiiiiiieeereiiiiiiiiine e eeeeeriiiiiaeeeeeaees 102
Table 61: Recommended DC Operating CONAItIONS ........uuuueeeeieiiiiiiiiiiieeee ettt e eeeeetiiiier e e e eeeeertbiiaeeeeeaees 104
Table 62: INPUL LeAKAZE CUITENT .....uuuiieiiiiiiiiiiiiieee e ettt e e e e ettt taiie e e e e e eeettebba e e e eeeeettabtaaeeeeeeeessabaaeaaaaaaes 105
Table 63: Operating TeMpPerature RANZE ..........uuieeiiiiiiiiiiiiiee ettt e e et ettt e e e eeeeetbbbineeeeeaees 105
Table 64: Single-Ended AC and DC Input Levels for CA and CS# INPULS ......cccevivuiiiiereiiiiiiiiiiiiieeeeeeeeiiiiiiie e eeeees 106
Table 65: Single-Ended AC and DC Input Levels for CKE ........ccooiiiiiiiiiiiniiiiiiiiiiiie et eees 106
Table 66: Single-Ended AC and DC Input Levels for DQ and DM .........cooeiiiiiiiiiiiiiiieeeieieiiiiiiiee et e e 106
Table 67: Differential AC and DC INPUL LEVEILS ......ceeiiiiiiiiiiiiieeiieiiiiiee ettt e e et eeeees 110
Table 68: CK/CK# and DQS/DQS# Time Requirements Before Ringback (‘DVAC) ......ccccevveeeeeieiiciiiiieeeeeeeeenenns 111
Table 69: Single-Ended Levels for CK, CK#, DQS, DQSH ......coetiiiiiiiiiiiiiee ettt ee et eeeeees 112
Table 70: Crosspoint Voltage for Differential Input Signals (CK, CK#, DQS, DQS#) ..ceeeeiiiiiiiiiiieeeiiiiiiiiiiiie e 113
Table 71: Differential Input Slew Rate Definition ..........c.uuuuiiriiiiiiiiiiiiiie ettt e e 114
Table 72: Single-Ended AC and DC OUtPUL LEVELS ......ccouuiuiiiiriiiiiiiiiiiiiee ettt e ettt eeeeees 114
Table 73: Differential AC and DC OULPUL LEVELS ......cceviiiiiiiiiieiiiiiiiiiiiiee ettt e e e ettt eeeeeees 115
Table 74: Single-Ended Output Slew Rate Definition ...........cooeiiiiiiiiiiiiiiniiiiiiiiiiieee ettt 115
Table 75: Single-Ended OUtput SIEW RAtE .......uuuiiiiiiiiiiiiiiiiiiee ettt e ettt e e e e e e tetbbe e e eeeaees 115
Table 76: Differential Output Slew Rate Definition .............ieeeiiiiiiiiiiiiiiie ettt e e 116
Table 77: Differential Output SIEW RAtE .....cooviiuiiiiiiiiiiiiiiiieee ettt e e ettt e e e e e eetbbbbaeeeeeaees 116
Table 78: AC Overshoot/Undershoot SPecifiCation .............cooeiiiiiiiiiiiiiiie et 117
Table 79: Output Driver DC Electrical Characteristics with ZQ Calibration ..............ccceeeiiiiiiiiiniiiiriiiiiiiiinneeeenees 119
Table 80: Output Driver Sensitivity DefiNition ..........coviiiiiiiiiiriiiiiiiiiiie ettt e e e e ettt eeeeaees 120
Table 81: Output Driver Temperature and Voltage SenSitivity .............ceeeeiieiiiiiiiiiiieeeeeeeiiiiiere et eeeees 120
Table 82: Output Driver DC Electrical Characteristics Without ZQ Calibration ............ccccccceeieieeeiiiiiiiiiiiinnneeenee, 120
TADLE 831 T-V CUIVES eetitiiieeeeeietititie e e ettt e e e ettt e e e e e e et et ttba e e e e e e e eetbbba e e e eeeeetatbbaa e eeeeeeesbabaaeaaaaaaes 121
Table 84: Definitions and CalCULATIONS ......cceuuuuuiirreiiiiiiiiiiiee ettt ettt e e e et etttaia s e e e eeeeettbbaaeeeeeaees 123
Table 85: 'CK(abs), 'CH(abs), and ‘CL(abs) DefiNitiOns ..........cccvverieeeeeieiiciiiiiiieeeeeeeeiiiieeeeeeeeeseiereeeeeeeeeeenenns 124
Table 86: Refresh Requirement Parameters (Per DENSITY) ........cccoviuiuuiiiieiiiiiiiiiiiiiiie e eeeeeiiiiiiee e eeeevtiiine e eeeees 127
Table 87: AC TIITHIIE eeevvtiieeeeeieitiitie et ettt e e e e ettt e e e e e e et etttba e e e e e e eetttbba s s e eeeeettabaaa e eeeeeeessntaaneaeaaeaes 128
Table 88: CA and CS# Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate) .........cccuuieiveiiiiiiiiiiiiiinnenenens 135
Table 89: CA and CS# Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate) .........ccocuuviiveiiiiiiiiiiiiiinnenenens 135
Table 90: Derating Values for AC/DC-Based TS/TH (AC220) .....uvvrrereeeieiieiirreeeeeeeesaeereereeeesesessssssseeeeeseesssssnns 136
Table 91: Derating Values for AC/DC-Based TS/TH (AC300) ....uvvvrreeeeeierierrrrrereeeeeaaaierereeeeesesessnsnsneeeesesesnsssnns 136
Table 92: Required Time for Valid Transition — 'VAC > Vigac) @Nd < VILAC) «vveeervreeermeemnirieniieenireeniee e 136
Table 93: Data Setup and Hold Base Values (>400 MHz, 1 V/ns SIeEW Rate) ..........uceeviiiiiiiiiiiiiiieeeeieeiiiiiiiiee e 141
Table 94: Data Setup and Hold Base Values (<400 MHz, 1 V/ns SIeEW Rate) .........uuivieriiiiiiiiiiiiiineeeieeiiiiiiiiee e 142
Table 95: Derating Values for AC/DC-Based DS/TDH (AC220) .....ceeeeeeieiiourireereeeeesaeiereeeeeeesssesssrssreeeesssssnssnnns 142
Table 96: Derating Values for AC/DC-Based "DS/'DH (AC300) .....ceeeeeeierieurrreeeeeeeeaeeereeeeeeesesessnsrseeeeeessessssnnns 143
Table 97: Required Time for Valid Transition — 'VAC > V) OF S VIL(AC) «eervveeervrreemmeemmmeennieeniireesieeenneeenneens 143
X26P4AQTWDSPK-13-10152 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.

u98m_lpddr2_embedded.pdf - Rev. E 11/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



Aicron

Embedded LPDDR2 SDRAM
General Description

General Description

General Notes

The Low-Power DDR2 SDRAM (LPDDR?2) is a high-speed CMOS, dynamic random-ac-
cess memory containing 1,073,741,824 bits. The LPDDR2-54 device is internally config-
ured as an eight-bank DRAM. Each of the x16’s 134,217,728-bit banks is organized as
8192 rows by 1024 columns by 16 bits. Each of the x32’s 134,217,728-bit banks is organ-
ized as 8192 rows by 512 columns by 32 bits.

Throughout the data sheet, figures and text refer to DQs as “DQ.” DQ should be inter-
preted as any or all DQ collectively, unless specifically stated otherwise.

“DQS” and “CK” should be interpreted as DQS, DQS# and CK, CK# respectively, unless
specifically stated otherwise. “BA” includes all BA pins used for a given density.

In timing diagrams, “CMD” is used as an indicator only. Actual signals occur on CA[9:0].
VREF indicates VREFCA and VREFDQ-

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 re-
quirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, is not
supported, and will result in unknown operation.
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Ipp Specifications

Ipp Specifications

Table 4: Ipp Specifications (32 Meg x 32)

Vpp2: Vobar Vopea = 1.14-1.30V; Vpp; = 1.70-1.95V

Speed Grade i
Parameter Supply Unit
-1D
Ippo1 Vpp1 6 mA
Ibpo2 Vb2 30
Ibbo,in Vbpcea + Vobq 1
Ibp2p1 Vb1 600 HA
Ipp2p2 Vbp2 1600
Ibp2pin Vbpca + Vbpq 100
Ipp2pst Vpp1 600 pA
Ibp2ps2 Vb2 1600
Ipb2ps,in Vbpcea + Vbbq 100
Ipp2nt Vb1 0.6 mA
Ipp2n2 Vbp2 20
IDp2N,in Vbbpca + Vbpq 1
Ipp2nst Vpp1 0.6 mA
Ipp2ns2 Vb2 12
IpD2NS,in Vbpcea + Vbbq 1
Ipp3p1 Vpp1 1.4 mA
Ipp3p2 Vbb2 5
Ibp3pin Vbpca + Vbpq 0.1
Ipp3Pst Vpp1 1.4 mA
Ipp3ps2 Vbp2 5
Ipb3Ps,in Vbpcea + Vbbq 0.1
Ipp3nt Vpp1 1.5 mA
Ipp3n2 Vbp2 22
IDD3N,in Vbpca + Vbpq 1
Ipp3Nst Vpp1 1.5 mA
Ipp3ns2 Vbp2 14
IDD3NS,in Vbpcea + Vbbq
Ippar1 Vb1 2 mA
Ippar2 Vbp2 180
IDD4R,in Vbpea
IDpawn Vbp1 2 mA
Ibpaw: Vb2 200
IDDAW,in Vbpcea + Vbba 1
X26P4QTWDSPK-13-10152 1 o Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Ipp Specifications

Table 4: Ipp Specifications (32 Meg x 32) (Continued)

Vop2: Vooa. Vopea = 1.14-1.30V; Vppy = 1.70-1.95V

Speed Grade X
Parameter Supply s Unit
Ipps1 Vb1 20 mA
Ipps2 Vbp2 70
Ipps,in Vbpea + Vopg 1
Ippspe1 Vbp1 2 mA
Ippspa2 Vb2 23
IpDsPB,in Vbpcea + Vobq
IppsAB1 Vb1 2 mA
IppsAB2 Vbp2 23
Ipp5AB,In Vbpca + Vbpa 1
Ipps1 Vbb1 50 pA
Ipps2 Vb2 50
Ipps,in Vbpcea + Vobq 20

Table 5: Ipp Specifications (64 Meg x 16)
Vo2, Voo, Vobea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade

Parameter Supply Unit

-1D
Ippo1 Vbp1 6 mA
Ippo2 Vbp2 30
Ippo,in Vbpea + Vopq 1
Ipp2p1 Vpp1 600 HA
Ipp2p2 Vbp2 1600
Ibp2pin Vbpea + Vopq 100
Ipp2psi Vbp1 600 HA
Ipp2ps2 Vbp2 1600
IbD2ps,in Vbpcea + Vobq 100
Ipp2nt Vbp1 0.6 mA
Ipp2n2 Vpp2 20
IbD2N,in Vbbpca + Vopq 1
Ipp2nst Vbp1 0.6 mA
Ipp2ns2 Vbp2 12
Ipp2ns,in Vbpea + Vopq 1
Ipp3p1 Vbp1 1.4 mA
Ippsp2 Vbp2 5
Ibp3Rin Vbpea + Vopq 0.1
X26P4QTWDSPK-13-10152 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Table 5: Ipp Specifications (64 Meg x 16) (Continued)

Vop2: Vooa. Vopea = 1.14-1.30V; Vppy = 1.70-1.95V

Embedded LPDDR2 SDRAM

Ipp Specifications

Speed Grade X

Parameter Supply s Unit
Ipp3pst Vpp1 1.4 mA
Ipp3ps2 Vbp2 5

IbD3PS,in Vbpca + Vbpa 0.1

Ipp3nt Vbb1 15 mA
Ipp3n2 Vb2 22

IpD3N,in Vbpea + Vobq 1

Ipp3nst Vpp1 1.5 mA
Ipp3ns2 Vbp2 14

Ibp3Ns,in Vbpca + Vopa 1

Ippar1 Vbp1 2 mA
Ibpar2 Vb2 140

IpDa4R,in Vbbea

Ippawn Vpp1 mA
Ippaw2 Vbp2 155

Ibpaw,in Vbpea + Vbpa 1

Ipps1 Vpp1 20 mA
Ipps2 Vb2 70

Ipps,in Vbpea + Vobq

IppsPa1 Vb1 2 mA
Ippspe2 Vbp2 23

IDDS5PB,in Vbpca + Vopq 1

IppsABY Vbp1 2 mA
IppsAg2 Vb2 23

Ipp5AB,in Vbpea + Vobq 1

Ipps1 Vb1 50 HA
Ipps2 Vbp2 50

IbD8,in Vbpca + Vbpa 20
Table 6: Ipp Specifications (64 Meg x 32, 64 Meg x 647)
Voo, Voo, Vopca = 1.14-1.30V: Vppy = 1.70-1.95V

Speed Grade :

Parameter Supply T Unit
Ippo1 Vbp1 12 mA
Ippo2 Vbp2 60

Ibbo,in Vbbpca + Vbpq 2

X26P4QTWDSPK-13-10152
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Ipp Specifications

Table 6: Ipp Specifications (64 Meg x 32, 64 Meg x 64') (Continued)

Voo, Vopar Vooea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade

Parameter Supply Unit

-1D
Ibp2p Vpp1 1200 HA
Ipp2pr2 Vbp2 3200
Ibp2pin Vbpca + Vbpq 200
Ipp2pst Vbp1 1200 MA
Ipp2ps2 Vb2 3200
Ipb2ps,in Vbpea + Vobq 200
Ipp2nt Vb1 1.2 mA
Ipp2n2 Vbp2 40
IbD2N,in Vbpca + Vbpq 2
Ipp2nst Vbb1 1.2 mA
Ibp2ns2 Vb2 24
IpD2NS,in Vbpcea + Vopq 2
Ipp3p1 Vb1 2.8 mA
Ipp3p2 Vbp2 10
Ibp3pin Vbpca + Vbpa 0.2
Ipp3Ppst Vpp1 2.8 mA
Ibp3ps2 Vb2 10
Ipb3Ps,in Vbpcea + Vobq 0.2
Ipp3nt Vb1 3 mA
Ipp3n2 Vbp2 44
IbD3N,in Vbpca + Vbpq
Ipp3Nst Vbp1 3 mA
Ibp3ns2 Vb2 28
IpD3NS,in Vbpcea + Vobq 2
Ippars Vpp1 4 mA
Ippara2 Vbp2 280
Ippa4R,in Vbpca 4
IDpawn Vbp1 4 mA
Ibpaw?2 Vb2 310
IDDAw,in Vbpea + Vbbq 2
Ipps1 Vb1 40 mA
Ipps2 Vbp2 140
IbDs,in Vbpca + Vbpa 2
Ippspe1 Vbp1 4 mA
Ippspa2 Vb2 46
IbD5PB,in Vbpcea + Vobq 2

X26P4QTWDSPK-13-10152 1 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Ipp Specifications

Table 6: Ipp Specifications (64 Meg x 32, 64 Meg x 64') (Continued)

Voo, Vopar Vooea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade X
Parameter Supply s Unit
IppsABY Vpp1 4 mA
Ippsag2 Vbp2 46
IbD5AB,in Vbpca + Vbpa 2
Ippg1 Vbp1 100 HA
Ipps2 Vb2 100
Ipps,in Vppea + Vbbq 40

Note: 1. Actual Ipp for the 64M x 64 QDP device is dependant on the specific states in which the
memory controller operates each of the two ranks. Consult Micron's Power Calculator
for LPDDR2.

Table 7: Ippg Partial-Array Self Refresh Current

Vppz. Vooar Vopea = 1.14-1.30V; Vpp; = 1.70-1.95V

Ippe Partial-Array Self Refresh Current
32 Meg x 32

PASR Supply 64 Meg x 16 64 Meg x 32 64 Meg x 64 Unit
Full array Vb1 230 460 920 MA

Vpb2 700 1400 2800

Vppi 20 40 80
1/2 array Vbp1 200 400 800

Vpp2 500 1000 2000

Vbpi 20 40 80
1/4 array Vpp1 190 380 760

Vpb2 400 800 1600

Vppi 20 40 80
1/8 array Vpp1 185 370 740

Vbp2 360 720 1440

Vbpi 20 40 80

Note: 1. LPDDR2-S4 SDRAM devices support both bank-masking and segment-masking. Ippg PASR
currents are measured using bank-masking only.

X26P4QTWDSPK-13-10152 1 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Aicron

Figure 2: Vpp4Typical Self-Refresh Current vs. Temperature (Per Die)
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Figure 3: Vpp;, Typical Self-Refresh Current vs. Temperature (Per Die)
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Package Block Diagrams

Package Block Diagrams

Figure 4: Single Die Single Rank, Single Channel Package Block Diagram
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Figure 5: Dual Die Single Rank, Single Channel Package Block Diagram
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Package Block Diagrams

Figure 6: Quad Die Dual Rank, Dual Channel Package Block Diagram
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Package Dimensions

Package Dimensions

Figure 7: 134-Ball VFBGA - 10mm x 11.5mm (Package Code: BH, MA)

|VAVAVAv AW AW/ k}L}L}—————l

Seating plane

134X @0.36
Dimensions
Epﬁly to SOIifr Ball A1 1D Ball A1 ID
alls post-retlow (covered by SR)
on ©0.30 SMD
ball pads. 10987654321
) ! oo “ia q d
1 ooooolo ocoo B d
000000 000 C q
000000 000 D q
000000 000 E q
ooooolo ooo F q
11.5 0.1 000000 000 G q
00 000 H q
104CTR + — — 06609 —-0G00— —|J q
olo ooo K q
000000 000 L q
000000 000 M q
000000 00O N q
L ooooolo ooo P q
000000 000 R q
\ ——®00000 000 T q
oo : o0& u q |
0.65 TYP —
—= |~=—0.65TYP —=|| |~=——0.9 +£0.1
l-— 5.85 CTR —=||-=—0.22 MIN
|le—— 10 +0.1 ————»=

Note: 1. All dimensions are in millimeters.
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Package Dimensions

Figure 8: 168-Ball WFBGA - 12mm x 12mm (Package Code: PC)
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Package Dimensions

Figure 9: 216-Ball WFBGA - 12mm x 12mm (Package Code: PB)
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Ball Assignments

Figure 10: 134-Ball FBGA (x16)
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Top View (ball down)

Note: 1. Vppca is unnecessary. F1, H1, and N2 pins should be left unconnected.
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Ball Assignments

Figure 11: 134-Ball FBGA (x32)
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Top View (ball down)

Notes: 1. Vppca is unnecessary. F1, H1, and N2 pins should be left unconnected.
2. C3 pinis RFU for 32 Meg x 32 and ZQ1 for 64 Meg x 32.
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Ball Assignments

Figure 12: 168-Ball FBGA
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Top View (ball down) I:I LPDDR2 . Supply . Ground

Notes: 1. Ball AC9 may be Vs or left unconnected.
2. Balls labeled "(NC)" = no connect; however, they can be connected together internally.
3. Vppca is unnecessary. U2, W2, and AC8 pins should be left unconnected.
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Figure 13: 216-Ball FBGA
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Ball Descriptions

Ball Descriptions

The ball/pad description table below is a comprehensive list of signals for the device
family. All signals listed may not be supported on this device. See Ball Assignments for
information specific to this device.

Table 8: Ball/Pad Descriptions

Symbol Type Description

CA[9:0] Input Command/address inputs: Provide the command and address inputs according
to the command truth table.

CK, CK# Input Clock: CK and CK# are differential clock inputs. All CA inputs are sampled on

both rising and falling edges of CK. CS and CKE inputs are sampled at the rising
edge of CK. AC timings are referenced to clock.

CKE[1:0] Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock
signals, input buffers, and output drivers. Power-saving modes are entered and
exited via CKE transitions. CKE is considered part of the command code. CKE is
sampled at the rising edge of CK.

CS[1:0]# Input Chip select: CS# is considered part of the command code and is sampled at the
rising edge of CK.

DM][3:0] Input Input data mask: DM is an input mask signal for write data. Although DM balls
are input-only, the DM loading is designed to match that of DQ and DQS balls.
DM][3:0] is DM for each of the four data bytes, respectively.

DQI[31:0] 110 Data input/output: Bidirectional data bus.
DQSI3:0], 1/0 Data strobe: The data strobe is bidirectional (used for read and write data) and
DQSI[3:0]# complementary (DQS and DQS#). It is edge-aligned output with read data and

centered input with write data. DQS[3:0]1/DQS[3:0]# is DQS for each of the four
data bytes, respectively.

Vbba Supply DQ power supply: Isolated on the die for improved noise immunity.
Vssq Supply DQ ground: Isolated on the die for improved noise immunity.
Vbbca Supply Command/address power supply: Command/address power supply.
Vssca Supply Command/address ground: Isolated on the die for improved noise immunity.
Vpp1 Supply Core power: Supply 1.
Vpp2 Supply Core power: Supply 2.
Vss Supply Common ground
VRrercar VReEDQ Supply Reference voltage: Vygcp is reference for command/address input buffers,
VReepq is reference for DQ input buffers.
ZQ Reference External impedance (240 ohm): This signal is used to calibrate the device out-
put impedance.
RFU - Reserved for future use: Must be left floating.
DNU - Do not use: Must be grounded or left floating.
NC - No connect: Not internally connected.
(NC) - No connect: Balls indicated as (NC) are no connects, however, they could be con-

nected together internally.
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