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Embedded LPDDR2 SDRAM

Features
EDB4416BBBH, EDB4432BBBJ
Features Options Marking
. * Density/Page Size

¢ Ultra-low-voltage core and I/O power supplies — 4Gb / 1-CS - single die 44
* Frequency range ¢ Organization

— 533-10 MHz (data rate range: 1066-20 Mb/s/pin) _ x16 16
 4n prefetch DDR architecture _ x32 32
e 8internal banks for concurrent operation .

* Vpp1/Vpp2/Vppo: 1.8V/1.2V/1.2V B

e Multiplexed, double data rate, command/address R Rg\?ilsiogm pbQ B

inputs; commands entered on each CK_t/CK_c « FBGA “green” package

edge . . — 10mmx 11.5mm x 0.75mm, 134- BH
* Bidirectional/differential data strobe per byte of ball x16

data (DQS_t/DQS_c) , ~ 10mmx 11.5mm x 0.75mm, 134- BJ
¢ Programmable READ and WRITE latencies (RL/WL) ball x32
¢ Burstlength: 4, 8, and 16 « Timing - cycle time
* Per-bank refresh for concurrent operation — 1.875ns@RL =8 1D
¢ Auto temperature-compensated self refresh « Operating temperature range

(ATCSR) by built-in temperature sensor — From -30°C to +85°C Blank
e Partial-array self refresh (PASR) — From -40°C to +85°C IT
¢ Selectable output drive strength (DS)
¢ Clock-stop capability
¢ Lead-free (RoHS-compliant) and halogen-free

packaging
Table 1: Key Timing Parameters

Speed |Clock Rate | Data Rate

Grade (MHz2) (Mb/s/pin) RL WL

1D 533 1066 8 4

Table 2: S4 Configuration Addressing
Architecture 256 Meg x 16 128 Meg x 32
Die configuration 32 Meg x 16 x 8 banks 16 Meg x 32 x 8 banks
Row addressing 16K A[13:0] 16K A[13:0]
Column addressing 2K A[10:0] 1K A[9:0]
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Figure 1: LPDDR2 Part Numbering

E D B 44 32 B B BH -1D IT -F

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)
44 = 4Gb/1-CS 1D = 1066 Mbps
Organization Package
16 =x16 BH = 134-ball WFBGA (10mm x 11.5mm)
32=x32 BJ = 134-ball WFBGA (10mm x 11.5mm)
Power Supply and Interface Revision

B =Vppy = 1.8V; Vpp, = Vopg = 1.2V;
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 (x16) 10 x 11.5 x 0.75, 0.65 pitch SDP SAC302
BJ 134 1 1 (x32) 10 x 11.5 x 0.75, 0.65 pitch SDP SAC302

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

X26P4QTWDSPK-13-10166 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.
134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN © 2016 Micron Technology, Inc. All rights reserved.



(I((/'? ICron Embedded LPDDR2 SDRAM

Features

Contents
LPDDR2 Array ConfigUration .........ccoiiiiiiiiiiiiiiiiiiiiiiii ettt e e e 9
GENETAL INOLES ... e e e e e e e e e e e e e e e e s e s e e e e e s e e e e e e e s e e e s e e e e e s e a e e e e e e nenenenenas 9
Ipp Specifications — Single Die, Single Chanmnel ............cccccccciiiiiiiiiiiiiieeeeeeeeeeee 10
Package BIOCK DIAGTAINIS .....cceeiiiiiiiiiiiieiee ettt e e e ettt ee e e e e e et ettt e e e e eeetettbbaa e e e eeeeteessbaaaaeeeeereesnsnaanseeaeneees 13
PACKAZE DIINEIISIONS ..eetvvviieeeeeieiiiiiiiie e e eeeeetttee e e e e e et ettbb e e e eeeetttttbaa e e eeeeteettbaaa e eeeeeteesssaaas e eeeeeeesssananseeeeneees 14
Ball ASSIGIIITIEIITS ...ceeiiiiiiiiieeeeeeetttiiiiee e e e e et ttttti e e e e eeetttttbaa e e eeeeetaatsaaa s eeeeeteessbaaa e eaeeteesssaaas e eeeereesssnnnneeeeeeeees 15
Ball DESCIIPTIONS ...eeeeiiiiiiiiieeeeeeetttitii e e e e ettt e e e e e et tttttba e e e eeeetttttbaa e e eeeetaestbaaa e eaeeteesssaaas s eeeereesssnnaneeeeeneees 17
FUNCHONAL DESCIIPTION ..vuuiieeiiiiiiiiiiie ettt e ettt e e e e e et e tttbe e e e eeetetbbbaa e e eeeeteetsbaaaaeeeeereesnsaaanseeaeneees 18
Simplified State DIAGIAINL ....ccooeeeieieeeeeee e 19
Power-Up and INitialiZatiOn ..........oooiiiiiiiiiiiiiiiiiiiii et 21
Voltage Ramp and Device INitialiZation .........cooooieiiiiimiiiiiriiiiiiiiiiee ettt e e e et ettt e eeeeeeeees 21
Initialization After RESET (Without Voltage Ramp) .......c..uuuiiriiiiiiiiiiiiiie ettt e et 23
POWET-Off SEQUETICE ...oooiiiiiiiiiiiiiiiiiii e 23
Uncontrolled POWer-Off SEQUENCE ..........cooiiiiiiiiiiiiiiiiiiiiiiii e 24
Mode Register DefINItiON .......ccceeiiiiiiiiieeiiiiiiiiie ettt e e e e ettt ettt e e e e eeeteetbbaeeeeeeereetnbnaa e eeeeneees 24
Mode Register Assignments and DefiNitioNns ........cooeeeeieiiiimiiiieeeeiiiiiiiiiee et ee ettt e e e e e erebbae e 24
(0] sabaak:Vale K3 Vo [d B B30 011 T USSR 35
ACTIVATE COIMIMANA ...eveiiiiiiiiiiiiiiiiiiieietiieieieieete ettt et se et e e s sesssesesesesesesesesesesesenenesenenanes 36
8-Bank DeviCe OPETATION ....oeieeeieieieieeeeeee e e e e e e s e e e e e s e e e e e s e e s e s e s e e e e e e nnes 37
Read and WIHte ACCESS MOAES .....cceeiiiiiiiiiiiiiiiiiiiiiiiiit ettt ettt e e e e e e e e 38
Burst READ COMIMANG ...ooeiiiiiiiiiiiiiiiiiiiiiiiiieiiiei ettt ettt ettt et ettt et et et ettt et et et et et e e eeeee e et eeeeeeeeeeeeeeeeas 38
READSs Interrupted DY @ READ ....ccouiiiiiiieiiiiiiiiiiiieee ettt ettt e e e e e e ettt s e e e e e eeetbbaaa e s e eeeeeeebbbaanseeas 45
Burst WRITE COMIMANA ....oooiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt et et et et et et e e e e e e e e e e eeeeeees 45
WRITESs Interrupted by @WRITE ......coooiiiiiiiiiiii ittt e e e e e e ettt e s e e eeeeeeabbaeeeeeeeneees 48
BURST TERMINATE COMIMANMA ...coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt ettt et et e e et et e e e e e e e e e e e e e e eeeeeeas 48
WITEE DAtA IMASK ...ttt et e e en s erenane 50
PRECHARGE COMMANA ...eiiiiiiiiiiiiiiiiiiiiiiiiiiiiiei ittt ettt ettt ettt ettt et et et et et et et et et et e e eeeeeeeeeeeeeeas 51
READ Burst Followed by PRECHARGE ........cccoiiiiiiiiiiiiiiiiiiiiiiii ettt 52
WRITE Burst Followed by PRECHARGE ..........uuuiiiiiiiiiiiiiiiiiieieiiieieee e sesenenenenes 53
AULO PreCharge OPETAtION ....ccuuuuuuieieiiiiiiiiiiiie ettt e e e e e et ettt e e e e e e eeeettbbb e e e e eeeetttabaaaseeeeeeeaessaaaseeeeeneees 54
READ Burst With AULO PTEChAIGE .........ooeiiiiiiiiiiiiiiie et e ettt e e e e e erebbb e 54
WRITE Burst With AUL0 PIECRATEZE ....ccovviiiiiiiiiie ittt e e e e ettt e s e e e e eeeeabbaaeeeeeeeneees 55
REFRESH COMMANA ..cieiiiiiiiiiiiiiiiiiiiiiiiiiii ittt ettt ettt ettt ettt et et et et et e e et et et et et et et e e e e et et eeeeeeeeeeeeeeas 57
REFRESH REQUITEIMIEIILS ....uuuiiiiiiiiiiiiiiii ittt e s s e e e et s s bbb e s e e e s e s abaa e 59
SELF REFRESH OPEIALION c..euuuiiiiiiiiiiiiiiiie ittt e et s e e e et e s b s s e e et e saaaa e 66
Partial-Array Self Refresh — Bank Masking ........c.coooiiiiiiiiiiiiiiiiiiii e 68
Partial-Array Self Refresh — Segment Masking ............ccccciiiiiiiiiiiiiiiee 68
MODE REGISTER READ ...ciiiiiiiiiiiiiiiiiiii ettt 69
TEMPETATUTE SEIISOT ...oiiiiiiiiiiiiiiiiiiiie et e e e et bbb e e e e et b s bbb e s e e et aaabaa e 71
| 510 X ©::1110) 211 10) o FP S U SPPPTURPPPRRRPNt 73
MODE REGISTER WRITE COMIMANA ...cceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieiee ettt ettt ettt et ettt et et et et et e e e e eeetereeeeeeeeeeeeeeeeas 75
MRW RESET COMIMANA ..ceeiiiiiiiiiiiiiiiiiiiiiiiiiiiei ettt ettt ettt ettt ettt et et et et et et et et et et et et et eeeeeeeeeeeeeeeeeeeeeees 75
MRW ZQ Calibration COMIMANAS ......c.uueiiiiiiieeeiiiiereetiieeeeeiiereetitaeeeeteesererenasereesnsesersnssessmsnsseremsnsesemsnnsanes 76
ZQ External Resistor Value, Tolerance, and Capacitive Loading ..............euveveieieiimeiiieieiiieieiiieeeiereeeeerereeeeenenenes 78
Input Clock Frequency Changes and Stop EVENTS .........cooiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeee 78
Input Clock Frequency Changes and Clock Stop with CKE LOW ...t 78
Input Clock Frequency Changes and Clock Stop with CKE HIGH ..........cccccccciiiiiiiiiiiiiiiee, 78
NO OPERATION COMIMANA ..eiiiiiiiiiiiiiiiiiiiiiiiiiiieieieeet ettt ettt ettt ettt et ettt et ettt et et et ettt et et et et et e e eeeeetetereeereeeeeeerees 79
TIUtR TADIES oo 79
Absolute MaximuUIT RATINES ......uuieeiiiiiiiiiiiiie ettt e e e ettt iee s e e eeetttttbi e e e eeeeteettbaaaaeeeeeeeestsnaaaseeeeeesessanns 87
X26PAQTWDSPK-13-10166 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN © 2016 Micron Technology, Inc. All rights reserved.



(y? ICron Embedded LPDDR2 SDRAM

Features

INPUL/OULPUL CAPACITATICE ....eeeeeruieeiiiiieeetiiie e ettt e e ettt e e ettt e e ettt e e ettt e e ettaaa e eettaneeessaneeetsnaneensnaeeeesnanseensnnnns 87
Electrical Specifications — Ipp Specifications and Conditions ...............eeerieriiiiiiiiiiieee e eeeeeviie e e e e eeeens 88
AC and DC Operating CONAITIONS .....cceeviiuuuuiereeeritiiiiiaeeeeeeetttitieseeeeettttttaaaeeeeeterstennnaeseeereesssmsnnneseseeessssmnnns 91
AC and DC Logic Input Measurement Levels for Single-Ended Signals ...........cccoooviiiiiiiiiiinniiiiiiiiiiiiinneeeeeeeeiiianns 92
YY)l L) 153 1 s Lo PSR 93
INPUE SIGNAL oeiiiiiiieeiiiiiie e ettt e e e e e e e et ettt s e e eeeeeatebaa s e seeeaeasettaa e seeeeaaasssannnsseeeeessassannnnssns 95
AC and DC Logic Input Measurement Levels for Differential Signals ............cccovviiiiiiiiiiiiiinniiiiiiiiiiiiene e 97
Single-Ended Requirements for Differential Signals ...............ucoieiiiiiiiiiiiiiiininieiiiiiee e eee e 98
Differential Input CroSSPOINTVOITAZE ........ceiiiiiiiiiieiieiiiiiiiiiiie e e ettt e e e e e eetbiiree s e e eeeteebbaaaeseseeeeeeseenannnnns 100
INPUE SIEW RALE ...eieiiiiiiiiiiieee e e ettt e e e ettt e e e e e et ettt bt e s e e eeeetabba e eeeeeeaaebteaaseeeeesaasssnnnnsseeeressssnnnnnnns 101
Output Characteristics and Operating CoONAItIONS ..........cceuiuuuuuiiereeetiiiiiiiire e e e ettt e e eeeeetrteaaeeeeeeeeereananness 101
Single-Ended OUtPUL SIEW RALE .....ccooiiiuiiiieeeiiiiiiiiiiiie e e ettt e e e e e et tttiiee s e e e e eeeetebtiaeseeeeassesbaannseeeeessessens 102
Differential OUtPUL SIEW RALE .....coeviuuiiieriiiiiiiiiiiiee e ee ettt e e e ettt rre e e e e e eettate e s e eeeeeeastaaaaseseeeeensssnnnnnnns 103
HSUL_12 Driver Output Timing Reference Load ...........couuuuiieiiiiiiiiiiiiiiieee ettt eeeeeereia s 105
OUtPUL DIIVET IMPEAATICE ....uueiieiiiiiiiiiiiieie e e ettt e e e e e e ettt e s e e e e e eetabaa e seeeeeeaessaanaseseeeeenssnnnnnnnss 106
Output Driver Impedance Characteristics with ZQ Calibration ................uceiieiiiiiiiiiiiiiineneeereiiiiciee e 107
Output Driver Temperature and VoItage SENSITIVITY .........ccouuuruuiiereieriiiiiiiiiineeeeeeeiiiiiirreeeeeeeereiiieeeeeeeeeennens 108
Output Impedance Characteristics Without ZQ Calibration .............cceeeuiuiiiiieriiiriiiiiiiine e eeeeeiiiiiine e eeeeeeeenens 108

(0] [oTol @) o =Tt i Tz- 1 (o) s KU TP PP PPPRRT 111
{CK(abs), 'CH(abs), aNd CCL(ADS) +.eeuvveeeeriiiieeiiiiieeeeiittee e sttt ee e ettt e e ettt e e e stbe e e seabteeeesabaeeeesasbbeeesanbeneesanan 113

(01 (0161 Q2053 5 (06 B ) L1 1) SO 113
Clock Period Jitter Effects on Core Timing Parameters ............uuuieeeeeririiiiiiiiineeeeeretiiiiiinneseeeeerreniineseeeeessennens 113
Cycle Time Derating for Core Timing PATQIMETETS .........cceeetiiiiuuiiireeeeeiiiiiiiiianeeeeeretiiiiisaeseeeeerresiineseeesessemnens 114
Clock Cycle Derating for Core Timing ParamMeEters ............ccuuuuuuuieeereeeiiiiiiiiiineeeeeretriiiireseeereeremmenneseseeesmennens 114
Clock Jitter Effects on Command/Address Timing Parameters ............ccuuuuuierereeereiiiiiiiiieneeeeeeiiiiiineeeeeeeeeennens 114
Clock Jitter Effects on READ Timing PArameters .......ceveeeieeiiiiiuiieeeeeeeitiiiiiieaeeeeeretieiiiseseeeeessesmennnseseeessemnens 114
Clock Jitter Effects on WRITE Timing ParamMeters ...........ccceiuuiuuuiieeeeeeiiiiiiiiiineeeeeretiiiiiseseeeeessemmennneseseseseennnns 115
Refresh REQUITEMENTS PATAIMELETS .....uoviieiiiiiiiiiiieeeeeeetitiiiiiee e e e e eeetttiiese e e e e eeeettbtiaaeseeeeaesastaaneseeesesssssannaesesaaees 116
ACTIIIIIE .. eeeitiieeiiie ettt ettt e ettt e ettt e e ettt s e e ttba s eeetaa s e ettaae s eeetaas e eetaanseaaenaneaetsnnseeeesanseeeenanseeeesnnnens 116
CA and CS_n Setup, Hold, and DETAtING ........ccettiiiiiiiiereeeiiiiiiiiiiie e e eeeetiiiiiee s e e e e eeetiaiaeseseeeeeeataaaaseseeeseessnnnnnnnss 122
Data Setup, Hold, and SIEW Rate DETAtiNG .........uueeeiiiiiiiiiiiiiineeeeeitiiiiiinee e e e eeettiiiiseeseeeeeeaatiiaseseeeaesstatanseesaaaes 130
A (o) s W 5 1] o) TP PPPPPTP 137
REV. B m 09716 .ottt et ettt ettt ettt et et h et e et e e e ta e eaa e eaa e eenas 137
REVLEA — 02716 ettt ettt ettt ettt ettt ettt h et e et et e ta e eaa e eaneeenas 137
X26PAQTWDSPK-13-10166 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN © 2016 Micron Technology, Inc. All rights reserved.



(I((/'? ICron Embedded LPDDR2 SDRAM

Features

List of Figures

Figure 1: LPDDR2 Part NUIMDETING .....cceeiiiiiiiiiiiiieeee ettt ettt e e e et ettt s s e e e e etettbbaeeeeeeeeeesbbnnaaseeeeereees 2
Figure 2: Single-Rank Single-Channel Package Block Diagram ..........cccccccccciiiiiiiiiiiiieneee 13
Figure 3: 134-Ball FBGA (10mm X 11.5m1M X 0.751111M1) +eeettuuiiereeiiiiiiiiieeeeeeetttttniieeeeeeereetnnnaaeeeeereesssmnnnseeeeeeeees 14
Figure 4: 134-Ball FBGA (X16) .ceeettttuiieeeeeeititiiiieeeeeeeettttiiiaeeeeeeettttttuaseeeeeteestsaaaseeeeeteestsnaaseeeeereesssnnnseeeeereees 15
Figure 5: 134-Ball FBGA (X32) .eettttttuieeeeeittitiiiiie e e e eeettttitiaeeeeeeettttttaa s eeeeetetttsuaaaeeeeeteestsnnaaeeeeereesssnnnnseeeeereees 16
Figure 6: Functional BIOCK DIQIamm ........ccouuuimuiiiieiiiiiiiiiiiiieee ettt e ettt e e e e e e e et ettbiae e e e eeereetbbaaaeeeeeeeees 19
Figure 7: Simplified State DIagram ...ttt 20
Figure 8: Voltage Ramp and Initialization SEQUENCE ...t 23
Figure 9: Command and Input Setup and Hold .............cccccciiiiiiiiiiieeeee 36
Figure 10: CKE Input Setup and HOId ...t 36
Figure 11: ACTIVATE COMMANG ....coooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt et et et et et e e e e e e et e e e e eeeeeeeees 37
Figure 12: 'FAW Timing (8-Bank DEVICES) ......cececurrrirreeeeeieeiiiiiiiereeesasanteeteeeesesesaanssseaeesesssasssssssseesesssasssssssees 38
Figure 13: READ Output Timing — 'DQSCK (IMAX) ...uuurteeeiiiiieeiiiiteeeeniieeeeesiieeeessitreeessineeeeessraeeesebeeeeessanneeens 39
Figure 14: READ Output Timing — 'DQSCK (IMIN) ..uuuitiiiiiiieeeiiiiiteeeiiteeeesitreee sttt eeesibeeeeesireeeesebeeeeessaneeeens 39
Figure 15: Burst READ —RL =5, BL =4, IDQSCK > 1CK ....eeeecceiriiiieeeeeeiiiieieeeeeeeseerrteeeeeeesesnnnnneaeeaessessnnnnnees 40
Figure 16: Burst READ —RL =3, BL = 8, IDQSCK < 'CK ...eeeieiiiiiiiiieeeeeeiiietieeeeeeeseinerteeeeeeesesnnnnneeeeaessessnnnnsnees 40
Figure 17: "DQSCKDL TN ...eeeiiutiitiiiiiieeeiiitee ettt e ettt e e sttt e e ettt e e e sttt e e s eabtteeeeaabeeeeesbbeeeessabeeeeesaanaeeens 41
Figure 18: "DQSCKDM TIITHIE ..eeeeiuvrteieiiiiieeiniiiieeeeiitteeeeitteee sttt eeessabeteeesbbteeeseabteeeeeaabaeeeessbeeeesaseneeesanneeeens 42
Figure 19: "DQSCKDS TiIMUIE ....eeeeiurtteeeiiiieeeeeiitee e ettt e e ettt e e sttt e e et eeesbbteeeseabteeeesaabaeeeeasbeeeesaabeneeesannaeeens 43
Figure 20: Burst READ Followed by Burst WRITE-RL =3, WL=1,BL=4 ... iiiiiiiiiiiiiiiiiiiiiieee et 44
Figure 21: Seamless Burst READ —RL =3, BL =4, lCCD =2 ....uuttiiiiieiieiiiiiiieeeeeeeseciierteeeeeeesesnnnneeeeeeessesnnnnnnees 44
Figure 22: READ Burst Interrupt Example —RL =3, BL=8,1CCD =2 ........ceeiriirieiiriiieeeeiieee e 45
Figure 23: Data Input (WRITE) TiITIE ...cevvuuiieiiiiieeeiiiiie ettt e ettt e ettt e e ettt e e eeebe e e eeena e eeeena e eeeananeeeeenanns 46
Figure 24: BurstWRITE —WL =1, BL =4 oottt ettt e e et e e e et e e eeene e e eeana e e eeenanes 46
Figure 25: Burst WRITE Followed by Burst READ —RL =3, WL=1,BL=4 .. .ciiiiiiiiiiiiiiiiiiiiiine et 47
Figure 26: Seamless Burst WRITE —WL =1, BL=4, FCCD =2 .....ctttiieiieiiiiiiiieeeeeeeseciirrtreeeeeesesenneeeeeeessessnnnneees 47
Figure 27: WRITE Burst Interrupt Timing - WL =1, BL =8, 1CCD =2 .......ccciriiiiiiiniiieeeeiieeeeniieeeeseireeee e 48
Figure 28: Burst WRITE Truncated by BST-WL =1, BL=16 ..ottt 49
Figure 29: Burst READ Truncated by BST —RL =3, BL =16 ...cccccooiiiiiiiiiiiiiiiiiiiiiiiiiiineeeeeneeeeeeeeeeeeeeeeee 50
Figure 30: Data Mask TIMING ....coouruuiiiiiiiiiiiiiiiiie ettt e e e e et ettt e e e e eeeteetbbaa e e e eeeereetnbaaa e eeaeneees 50
Figure 31: Write Data Mask — Second Data Bit Masked ...........cccccccciiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 51
Figure 32: READ Burst Followed by PRECHARGE - RL = 3, BL = 8, RU('RTP(MIN)/'CK) =2 ...evvrriiiiereee e, 52
Figure 33: READ Burst Followed by PRECHARGE - RL = 3, BL = 4, RU('RTP(MIN)/'CK) =3 ...ccciriiiiereee e, 53
Figure 34: WRITE Burst Followed by PRECHARGE -WL =1, BL =4 .....cccccccciiiiiiiiiiiiiiiiiieeceeeee 54
Figure 35: READ Burst with Auto Precharge — RL = 3, BL = 4, RU('RTP(MIN)/'CK) =2 ...evvvereeieiiiiiriereee e, 55
Figure 36: WRITE Burst with Auto Precharge —WL =1, BL =4 . ..ciiiiiiiiiiiiiiiiiiiiiieee et et eeeeeees 56
Figure 37: 'SRE DEfINIION ..oo.ueviiiiiiiiieiiiiiiie ettt e ettt e e et e e e et e e e s eabteeeesnaneeeeas 60
Figure 38: Regular Distributed Refresh Pattern ...........coouuuiiiiiiiiiiiiiiiiii ettt eeeeees 62
Figure 39: Supported Transition from Repetitive REFRESH BUISt ..........ccccciiiiiiiiiiiiiiienenee, 63
Figure 40: Nonsupported Transition from Repetitive REFRESH BUISt ..........ccccoiiiiiiiiiiiiiiiiiiienenee 64
Figure 41: Recommended Self Refresh Entry and EXit .........cccccccciiiiiiiiiiieeeeeeee 65
Figure 42: All-Bank REFRESH OPETation ........ccciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieiee ettt ettt ettt eeeeeeeneeeeeeeeeeeeeeeeeees 66
Figure 43: Per-Bank REFRESH OPEIatiOn .........cccooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeteeee et eeeeeneeee e 66
Figure 44: SELF REFRESH OPEIatiOn ........ccoiuiiuiiiiiiiiiiiiiiiiiin ittt et e st aaa s e eeneaes 67
Figure 45: MRRTiming —RL =3, IMRR = 2 ....ceeiiciiiiiiieeeeeieciieteeee e e e ees ittt eeeeeeessnnntateeeeesesennnnsseaeeeaeeeessnnnsnees 69
Figure 46: READ to MRR Timing — RL =3, IMRR = 2 ....ccceeiieiiiiiiieeeeeeeeiietteeeeeeeseineateeeeeeesennnneeeeeaessesnnnnnnnees 70
Figure 47: Burst WRITE Followed by MRR—RL =3, WL =1, BL =4 ...ccciiiiiiiiiiiiiiiiee ettt eeeeees 71
Figure 48: Temperature Sensor TilmINgG ............cooviiiiiiiiiiiiiii e 73
Figure 49: MR32 and MR40 DQ Calibration Timing — RL =3, IMRR =2 .....ccceccuitiiiriiiiieeniieeeeniiieee e 74
Figure 50: MODE REGISTERWRITE Timing — RL =3, IMRW =5 .....cciiiiiiiiiiiiiieeeeriiiee et 75
X26PAQTWDSPK-13-10166 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN

© 2016 Micron Technology, Inc. All rights reserved.



(y? ICron Embedded LPDDR2 SDRAM

Features
Figure 51: ZQ TIIMHIIES ..vvuuuiiiiiiiiiiii ettt ettt ettt e et et e e b b e e e e e e teeaaaae s e s eeeteeaanaaaeeeeeenenns 77
Figure 52: Vggr DC Tolerance and Vygr AC NOiSE LIS ....uuiiiiiiiiiiiiiiiiieieriiiiiiiiiee e e ettt e e e e eeeetiiiieeeeeeeeenns 93
Figure 53: LPDDR2-466 to LPDDR2-1066 INPULt SIGNAL ....uuuuiiiiiiiiiiiiiiieieeeeeiiiiiiie e eeeeeteiiiee e e e e eeeetaiie e s e eeeaenns 95
Figure 54: LPDDR2-200 to LPDDR2-400 INPUL SIZNAL ..eevvtuiiiiiiiiiiiiiiiieee ettt e ettt e e e eeeevaiie e e e eeeaeaes 96
Figure 55: Differential AC SWing Time and 'DVAC ........ccooiiuiiiiiiiiiiieeiiiiieeeniitee ettt e e ettt e e e st eeeseiteeeessaeeees 97
Figure 56: Single-Ended Requirements for Differential Signals ..........ccccccccciiiiiiiiii 99
Figure 57: VIx DEINItION .....oiiiiiiiiiiiiiiie ettt s e e ettt et s e s e e e e aeaabaasaeseeeaeasaabannneseeaaans 100
Figure 58: Differential Input Slew Rate Definition for CK_t, CK_c, DQS_t,and DQS_C .........ccceeeeiiiiiiiin.. 101
Figure 59: Single-Ended Output Slew Rate Definition ...t 103
Figure 60: Differential Output Slew Rate Definition ...........coooiiiiiiiiiiiii 104
Figure 61: Overshoot and Undershoot Definition ... 105
Figure 62: HSUL_12 Driver Output Reference Load for Timing and Slew Rate ...............cccccccn. 106
Figure 63: OULPUL DIIVET .....oiiiiiiiiiiiiiiiiii ettt ettt s e e ettt e s e e e e etanananeseeeaens 107
Figure 64: Output Impedance =240 Ohms, I-V Curves After ZQRESET ...t 110
Figure 65: Output Impedance =240 Ohms, I-V Curves After Calibration .............cooeeeeeviiiiiiiiinnrerireiiiiiiiineeeeenens 111
Figure 66: Typical Slew Rate and 'VAC - IS for CA and CS_n Relative to ClOCK ...........cceervuvreeerniiieeenniiieeenenee. 126
Figure 67: Typical Slew Rate — 'TH for CA and CS_n Relative to ClOCK ..........coocureeiiriiieeiniiiieeiniiieeeeniieee e 127
Figure 68: Tangent Line — 'IS for CA and CS_n Relative t0 ClOCK .........ccccuuiiiiiiiiieiiiiiieeeniiieee st 128
Figure 69: Tangent Line — TH for CA and CS_n Relative to CIOCK .........cccueiiiiiiiiiiiiiiiieieiiiece e 129
Figure 70: Typical Slew Rate and 'VAC - DS for DQ Relative t0 Strobe ...........cc.eeeeviiiieeiniiieeeiniieeeeriieee e 133
Figure 71: Typical Slew Rate — 'DH for DQ Relative t0 StrODE ...........ceeiiiiiiiiiiiiiieiiiiiee e 134
Figure 72: Tangent Line — ‘DS for DQ with RESPECt t0 SIrODE .....c.uveeiiiiiiiiiiiiiiieieiiiee e 135
Figure 73: Tangent Line — 'DH for DQ with ReSPECt t0 StTODE .....c..uviiiiiiiiiiiiiiiiieieiieee e 136
X26PAQTWDSPK-13-10166 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN

© 2016 Micron Technology, Inc. All rights reserved.



(I((/'? ICron Embedded LPDDR2 SDRAM

Features

List of Tables

Table 1: Key Timing Par@IMETterS .........coeiiiiiiiiiiiiiie ettt e e e ettt e e e e et tttttaa s e e eeeeeteatbaaaeeeeeeeeeesbanaseeeeereees 1
Table 2: S4 Configuration AAIESSING .......ccoiiiiiiiiiiiiiiiiiiiii ettt e 1
Table 3: Package Codes and DeSCIIPTIONS .......ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt et e e e e e et et et et e e e e eeeeeees 2
Table 4: Ipp SPECIICATIONS ....cceeiiiiiiiiiiiee ittt e ettt e e e e e et ettbba e e e e eeeteettbaa s e eeeeeeetabaaaneeeeeeeees 10
Table 5: Ippg Partial-Array Self Refresh CUrrent at 85°C ........eieeiiiiiiiiiiiieee e ettt eeeeteeiiiiee e e e e ereebebie e e e eeeeeees 12
Table 6: Ball/Pad DeSCIIPIIONS ....cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt et et et et et e e et e e e e e e eeeeeees 17
Table 7: Initialization TiMing PAramMEters ..........cceeeeiiiiiiiiiiiiieeeeiiitiiiiie e e e eteeiitre e e e eeeteettbaaeaeeeeereettsanaaeeeeereees 23
Table 8: Power-Off TIMING .....cooiiiiiiiiiiiiiiiiiii et 24
Table 9: Mode RegiSter ASSIGNIMEIITS ......cccetitiuuiieeeeeieiitiiiiieeeeeeettttttaeeeeeeetettttaaaeeeeeeteettbanaaeeeeereesssnnnnaeeeeereees 25
Table 10: MRO Device Information (IMA[7:0] = 005) ..euenieeinintiie ettt et e e te e e e e eeaeeeaeneeeensnaenaans 26
Table 11: MRO Op-Code Bit Definitions ..........cccoiiiiiiiiiiiiiiiiiiiiii e 26
Table 12: MR1 Device Feature 1 (IMLA7:0] = 0111) c.uuinieiniei ettt e et e e e e e e e e e e e e eeeensnaenaans 26
Table 13: MR1 Op-Code Bit Definitions ..........cccooiiiiiiiiiiiiiiiiiii e 26
Table 14: Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control (WC) ..........cceeeiivuiieneeeeenees 27
Table 15: NO-WIAP RESIIICHIONS .eeeuvuuiiiieeiiiiiiiiiieee ettt e e e ettt ettt ee e e e e et tettbba e e e eeeeteettbaaaaeeeeereessrananeeeeeneees 28
Table 16: MR2 Device Feature 2 (IMLA7:0] = 02011) ..vuiniei ettt et et e et e e te e s e e e et e e e eeeaensnaenaans 28
Table 17: MR2 Op-Code Bit Definitions ..........cccooiiiiiiiiiiiiiiiiiii e 29
Table 18: MR3 1/0 Configuration 1 (MA[7:0] = 031) ..ceeviiiiiiiieeiiiiiiiiiie ettt e ettt e e e ereetbbe e e e eeeeeees 29
Table 19: MR3 Op-Code Bit Definitions ..........cccoiiiiiiiiiiiiiiiiiiii e 29
Table 20: MR4 Device Temperature (MA[7:0] = 041) ..cooeurimiiireiiiiiiiiiie ettt eeeteettbre e e e e e ereetbbaaeseeeeeeeees 29
Table 21: MR4 Op-Code Bit Definitions ..........ccooiiiiiiiiiiiiiiiiiii e 30
Table 22: MRS5 Basic Configuration 1 (MA[7:0] = 05H) .eeeuuuuiiiieriiiiiiiiiieee ettt eeeteetibe e e e eeereetbraieaeeeeeeeens 30
Table 23: MR5 Op-Code Bit Definitions ..........coooiiiiiiiiiiiiiiiiiii e 30
Table 24: MR6 Basic Configuration 2 (MA[7:0] = 061) ...cuuuuuiiieriiiiiiiiiiiieee ettt eeeeteetiire e e e eeereetnbaieeeeeeeeeens 31
Table 25: MR6 Op-Code Bit Definitions ..........cccoiiiiiiiiiiiiiiiiiii e 31
Table 26: MR7 Basic Configuration 3 (MA[7:0] = 07H) .eeuutuiiiieriiiiiiiiiie ettt eeeeteetiire e e e e e ereebbbaieseeeeeeeees 31
Table 27: MR7 Op-Code Bit Definitions ..........cccooiiiiiiiiiiiiiiiiiiii e 31
Table 28: MR8 Basic Configuration 4 (MA[7:0] = 08H) ...cuuuuuiiieiiiiiiiiiiiiieee ettt eeereettire e e e e e ereetbbie e e eeeeeeees 31
Table 29: MR8 Op-Code Bit Definitions ..........cccoiiiiiiiiiiiiiiiiiiiiii e 31
Table 30: MR TeSt MOAE (IMA7:0] = 091) ..euiniiiniieiee ettt ettt e et e et e et e s e e e e e eeaeneeaensnaenaans 32
Table 31: MRI10 Calibration (IMA[7:0] = 0AL) ...ouiiniiiii ittt ettt et et e et e e e i e ee i e ene e e eneanaen 32
Table 32: MR10 Op-Code Bit Definitions ........cccoiiiiiiiiiiiiiiiiiiiiiiii e 32
Table 33: MR[11:15] Reserved (MA[7:0] = OBR—0FH) .. .uoniuiiiiieee ettt e et e et e e e e et e eaaenaans 33
Table 34: MR16 PASR Bank Mask (MA[7:0] = 0L100) ....ouiniiniiniiiiiie ettt ettt e et e e anaes 33
Table 35: MR16 Op-Code Bit Definitions ........cccoeiiiiiiiiiiiiiiiiiiiiiii e 33
Table 36: MR16 Bank and OP corresponding table ............ccccccciiiiiiiiiiiiiiieeeeeee 33
Table 37: MR17 PASR Segment Mask (MA[7:0] = 011h) .c.uuuiiiiiiiiiiiiiiiiieee ettt e et e eeeeeeees 34
Table 38: MR17 PASR Segment Mask Definitions (1Gb - 8Gb 0Nly) ......ceeeiiiiiiiiiiiiiiieiiiiiiiiiiieee e 34
Table 39: MR17 PASR Row Address Ranges in Masked Segments ............ccooeiiiiiiiiiiiiiiiiiiiiiiieieeeeeeee 34
Table 40: Reserved MOde REGISTETS .......cciiiiiiiiiiieieeeieiieiiiie ettt e e e e ettt ettt ee e e e eeeteetbbaaeeeeeeereebnbaaaaeeeeeneees 35
Table 41: MR32 DQ Calibration Pattern A (MA[7:0] = 20H) .....cvvuiiiiiiiiiieeiiee e e e e et e et e e a e e e e eaaans 35
Table 42: MR40 DQ Calibration Pattern B (MA[7:0] = 28H) .....cvvuiiiiiiiiiiieeiiieeeie et et ee e e ee e et e et e e vt e e aaeeenans 35
Table 43: MR63 RESET (MA[7:0] =3Fh) = MRW ONly .....ccoooiiiiiiiiiiiiiiiiiiiiiceeeeneeeeeeeeeeeeeeeee 35
Table 44: Bank Selection for PRECHARGE by Address Bits ...........cccoeiiiiiiiiiiiiiiiiiiieieceeeeeee 52
Table 45: PRECHARGE and Auto Precharge Clarification .............ccccccciiiiiiie 56
Table 46: REFRESH Command Scheduling Separation ReqUirements ............ccccccceeveiiiiiiiiiiiiiiiiiiiiiiiininenenenenen. 58
Table 47: Bank and Segment Masking EXample ...t 68
Table 48: Temperature Sensor Definitions and Operating Conditions ..........cccccccccvviiiiiiiiiiiiiiiienenee. 72
Table 49: Data Calibration Pattern DeSCIIPTION .........coeiiiiiiiiiiiiiiiiiiiiiiiiiii e 75
Table 50: Truth Table for MRR and MRW .......uuuiiiiiiiiiiiiiiiiie ettt e e e ettt e s e e e e ereetbbie e e eeeeeeees 75
X26PAQTWDSPK-13-10166 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN

© 2016 Micron Technology, Inc. All rights reserved.



(y? ICron Embedded LPDDR2 SDRAM

Features
Table 51: Command Truth Table ... 79
Table 52: CKE Truth Table .......ooooiiiiiiiiiiiiiiiii e 81
Table 53: Current State Bank 7 to Command to Bank 72 Truth Table ............ccouuiiiiiiiiiiiiiiiiiiiineeeceeeeiiiieeee e 81
Table 54: Current State Bank n to Command to Bank 72 Truth Table ...........cccuuuiiiiiiiiiiiiiiiiiiinn e eeeeeens 83
Table 55: DM TIULh TADIE ...ccooiiiiiiiiiiiiiiiiiiiiiii ettt 85
Table 56: Absolute Maximum DC RAtINES .......uuuieriiiiiiiiiiiiiieieeee ittt eeeeeettiiiseeeeeeetettiaaasseseeeeeessnnnnseeeeeneens 87
Table 57: INPut/OUtPUL CAPACITAIICE .....ceeeeiiiiiniieeeeeeeiiiiiiiae e et eeettttiiieeeeeeetetttaaaaaeseeeteeserannaeseeeeeesssnnnnssessereess 87
Table 58: Switching for CA INPUL SIGNALS ....covviuuiiiiiiiiiiiiiiie et e e e e et tbti e e e e e e eeeebabaeeeeeeaaeens 88
Table 59: SWItChingG fOT TR «+eeverrvrvunneretettttiiiiiie et ettt e e e e ettt ettt e s e eeeetatbtaaaseeeeeteessannaseseeeeessssnnnnaseeearenes 88
Table 60: SWItChING fOT TDDAIN «oeverrvrrnnnereeetttiiiiiiie ettt e e e e ettt ettt e e e e eeetetbtbaaeeeeeeteeasaanaaeseeeeersssnnnnseeesaneees 89
Table 61: Ipp Specification Parameters and Operating CONAitiONS ...........ocevviiiiuiierreeeeriiiiiiiieneeeeereeiiiieeeeeeenenns 89
Table 62: Recommended DC Operating CONAItiONS ..........ueeerieiiiiiiiiiieneeeeeiiiiiiiiie e eeeetttiiiieseeeeeeeeraennaeeeserenns 91
Table 63: INPUL LeAKAZE CUITENT .....uuuiiieiiiiiiiiiiiieeeeeeetitiiiieeeeeeeeettttiaeseeeeetetttaaaaaseeeeeteessnnnnaeseeeesesssnnnnsesseerenes 91
Table 64: Operating TEMPETAtUIe RANZE .........uuuiereiiiiiiiiiiiieee e et ettt e e et etettiiseeeeeeeteattaaaaseseeeeersssnnnseseeeeeens 91
Table 65: Single-Ended AC and DC Input Levels for CA and CS_n INPULS .....ccevvuuiiirrreiiiiiiiiiiieneeeeeeeiiiiiieneeeeeeenns 92
Table 66: Single-Ended AC and DC Input Levels for CKE .........ccooiiiiiiiiiiiiiiiiiiiiiien ettt eeeeeviiie e e e eeeenes 92
Table 67: Single-Ended AC and DC Input Levels for DQ and DM ........ccooeiiiiiiiiiiiiiineeeiieiiiiiiiene e eeeeeviiieeeeeeeeenns 92
Table 68: Differential AC and DC INPUL LEVEILS ......cceeiiiiiiiiiiieieiiiiiiiiiiiiie ettt e ettt s e e e e eeeebabaeeeeeeeaeens 97
Table 69: CK_t/CK_c and DQS_t/DQS_c Time Requirements Before Ringback (‘'DVAC) .........cccccvvvvereeeeerennnnen. 98
Table 70: Single-Ended Levels for CK_t, CK_c, DQS_t, DQS_C ..eeettttiuuiiiieieiiiiiiiiiieee e eeetttiiiee e e e eeeeetiiiieeeeeeenenes 99
Table 71: Crosspoint Voltage for Differential Input Signals (CK_t, CK_c, DQS_t, DQS_€) .....ccceevvviiiiiiiiiinnnnnnnn. 100
Table 72: Differential Input Slew Rate Definition ..........c.uuuuiiriiiiiiiiiiiiiiieiee ettt e e e e et s e eeaees 101
Table 73: Single-Ended AC and DC OUtPUL LEVELS ......ccouuuuuiirriiiiiiiiiiiiiiee ettt eeeeeetiies e e e e eeeeeaaiieseeeaans 101
Table 74: Differential AC and DC OULPUL LEVELS .......cceeiriiuiiieiiiiiiiiiiiiiiee ettt e e e eeeeetiiss e s e e eeeestaiiesesaaans 102
Table 75: Single-Ended Output Slew Rate Definition ..........ccceviiiiiiiiiiiiiierieiiiiiiiiiine e eeeeetiiisee e e eeeerriine e e eeaees 102
Table 76: Single-Ended OUtPUt SIEW RAtE ........uuuiiiiiiiiiiiiiiiiiie ettt ettt s e e e eetatbiss e s e e eeeeetbbaneseeeaaes 103
Table 77: Differential Output Slew Rate Definition ............ueeeeiiiiiiiiiiiiiiieieeeieiiiiiire ettt eeeeeereaie s e eeaees 104
Table 78: Differential OutPUL SIEW RALE .....cooviiuuiiieiiiiiiiiiiiiiee ettt e e et ettt e e e e eeetataaaaseseeeeeesaabaneeeaaaans 104
Table 79: AC Overshoot/Undershoot SPecifiCation .............ceveiiiiiiiiiiiiiiieie et eee e e eaes 105
Table 80: Output Driver DC Electrical Characteristics with ZQ Calibration ...............ccoeeiiiiiiiinnieiiieiiiiiiiiienenenens 107
Table 81: Output Driver Sensitivity DefiNition .........cceiiiiiiiiiiieieiiiiiiiiiieee ettt eeeetreiisr e e e e eeeeebbbiaeseeeaans 108
Table 82: Output Driver Temperature and Voltage SENSIitivity ............cceeeririiiiiiiiiiiiereeeieiiiiiiiire e eeeeeriiinre e eeaens 108
Table 83: Output Driver DC Electrical Characteristics Without ZQ Calibration .............cccccceeveereiireiiiiiiiiinnenennns 108
TADLE B4: -V CUIVES oeieiiiiiiiiiiiiiiiiieiee ettt ettt e e e e 109
Table 85: Definitions and CalCulations ...........ccooiiiiiiiiiiiiiiiiiiiii 112
Table 86: 'CK(abs), ‘CH(abs), and ‘CL(abs) DefiNitioNns ...........ccovrurieiiriiieeeiiiiieeeeiieeeeeiieeee s eeeesieeee e s 113
Table 87: Refresh Requirement Parameters (Per DENSITY) ........cccvviuiiuiiiiereeiiiiiiiiiiiieeeeeeetiiiiirneseeeeeertniineseeeaens 116
Table 88: AC TIITHIIIE oeevvvtuuneeeeiiiiiiiiiieee e et e teitiii e e e eeetetttuaa e eeeeeeetsatuaaeseeeeeessssanseseeesesssssnnnesesesesssssunnneseseeans 116
Table 89: CA and CS_n Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate) ...........ccccccceiiiiiiiinn. 123
Table 90: CA and CS_n Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate) ..........ccccccciiiiiiiii. 123
Table 91: Derating Values for AC/DC-Based TS/TH (AC220) ......vvveeeeeeieiierirrreeeeeeeieeierreeeeseessesssssssseeeessessnssnnns 124
Table 92: Derating Values for AC/DC-Based TS/TH (AC300) ......vevreeeeeiereiiurrreeeeeeeeiseierreeeeeeessssssssssseseeeseesnsssnns 124
Table 93: Required Time for Valid Transition — 'VAC > Vigac) @0 S VILAC) «vveeervreeemmeemmneennieeniieenieeenree e 124
Table 94: Data Setup and Hold Base Values (>400 MHz, 1 V/ns SIEW Rate) .........uucvveiiiiiiiiiiiiiiieneeeeeeiiiiiineeeeenens 130
Table 95: Data Setup and Hold Base Values (<400 MHz, 1 V/ns SIEW Rate) .........uuvvieiiriiiiiiiiiiiieneeereiiiiiiineeeeenens 131
Table 96: Derating Values for AC/DC-Based DS/TDH (AC220) .....ceeeeeeierieurrrreeeeeeeieeierreeeeeeessesserssseseesseesnsnnnns 131
Table 97: Derating Values for AC/DC-Based DS/TDH (AC300) ....cceeeeeeieiieurrrrereeeeeiseierrereeeeessessnrssseseesseesnsnnnns 132
Table 98: Required Time for Valid Transition — 'VAC > Vac) OF S VIL(AG) «eervveeervrreemmeemmmmeennreeniueeenireeenineeenneens 132
X26PAQTWDSPK-13-10166 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.

134b_2e0e_embedded_lpddr2 — Rev. B 09/16 EN

© 2016 Micron Technology, Inc. All rights reserved.



Adicron

Embedded LPDDR2 SDRAM
LPDDR2 Array Configuration

LPDDR2 Array Configuration

General Notes

The 4Gb Mobile Low-Power DDR2 SDRAM (LPDDR2) is a high-speed CMOS, dynamic
random-access memory containing 4,294,967,296-bits. The device is internally config-
ured as an eight-bank DRAM. Each of the x16’s 536,870,912-bit banks is organized as
16,384 rows by 2048 columns by 16 bits. Each of the x32’s 536,870,912-bit banks is or-
ganized as 16,384 rows by 1024 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_t, DQS_c and CK_t, CK_c respectively,
unless specifically stated otherwise. “BA” includes all BA pins used for a given density.

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.

X26PAQTWDSPK-13-10166
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Ipp Specifications - Single Die, Single Channel

Table 4: Ipp Specifications

VDDZI VDDQ =1.14-1.30V; VDD1 =1.70-1.95V; TC =-40°C to +85°C

Embedded LPDDR2 SDRAM

Ipp Specifications - Single Die, Single Channel

Speed
Symbol Supply 1066 Unit |Parameter/Condition
Ibbo1 Vpb1 5.7 mA |Operating one bank active-precharge current
I5D02 Vo02.Vopo 47.6 tCK = tCK(avg) MIN; RC = tRC (MIN)
;CKE is HIGH; CS_n is HIGH between valid commands;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE
IpD2P1 Vbp1 0.27 mA |ldle power-down standby current
Ioo2p2 Vop2VoDg 0.58 tCK = 'CK(avg) MIN; CKE is LOW; CS_n is HIGH;
All banks idle; CA bus inputs are SWITCHING;
Data bus inputs are STABLE
IbD2Ps1 Vpb1 0.27 mA |ldle power-down standby current with clock stop
IoD2Ps2 Vo02.Vopo 0.58 CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_n is HIGH; All banks idle;
CA bus inputs are STABLE;
Data bus inputs are STABLE
IpD2N1 Vpp1 0.31 mA |ldle non power-down standby current
IDD2N2 VDDZIVDDQ 11.4 tCK = tCK(an) M|N; CKE is H|GH;
CS_n is HIGH; All banks idle;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE
IDD2NS1 Vpb1 0.31 mA |ldle non power-down standby current with clock stop
IDDZNSZ VDDZIVDDQ 6.2 CK_t = LOW, CK_C = HlGH, CKE is HlGH,
CS_n is HIGH; All banks idle;
CA bus inputs are STABLE;
Data bus inputs are STABLE
IpD3P1 Vbp1 0.27 mA |Active power-down standby current
D32 Vop2VoDg 34 tCK = 'CK(avg) MIN; CKE is LOW;
CS_n is HIGH; One bank active;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE
IbD3PST Vpb1 0.27 mA |Active power-down standby current with clock stop
IDD3PSZ VDDZIVDDQ 3.4 CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_n is HIGH; One bank active;
CA bus inputs are STABLE;
Data bus inputs are STABLE
IpD3N1 Vpp1 0.72 mA |Active non power-down standby current
IDD3N2 VDDZIVDDQ 13.6 tCK = tCK(an) M|N; CKE is H|GH;
CS_n is HIGH; One bank active;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE
X26P4QTWDSPK-13-10166 1 0 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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ép’ Icron Ipp Specifications - Single Die, Single Channel

Table 4: Ipp Specifications (Continued)

VDDZI VDDQ =1.14-1.30V, VDD1 = 1.70-1.95V, TC =-40°C to +85°C
Speed

Symbol Supply 1066 Unit |Parameter/Condition

IpD3NST Vpp1 0.72 mA | Active non power-down standby current with clock stop
8.4 CK_t = LOW, CK_c = HIGH; CKE is HIGH;

CS_n is HIGH; One bank active;

CA bus inputs are STABLE;

Data bus inputs are STABLE

IbD4R1 Vpp1 1.07 mA |Operating burst read current

tCK = tCK(avg) MIN; CS_n is HIGH between valid com-
mands;

One bank active; BL = 4; RL = RL (MIN);

CA bus inputs are SWITCHING;

50% data change each burst transfer

Ipp3ns2 Vbb2:Vobq

Ibpar2 Vbp2:Vopa 115.2

Iopawn Vpp1 1.02 mA |Operating burst write current

Vo2, Vo0o 105.6 tcK =dtCK(avg) MIN; CS_n is HIGH between valid com-
mands;

One bank active; BL = 4; WL = WL (MIN);

CA bus inputs are SWITCHING;

50% data change each burst transfer

Ippaw2

Ibp51 Vpp1 13.16 mA | All bank auto-refresh burst current

tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;

tRC = tRFCab (MIN); Burst refresh;

CA bus inputs are SWITCHING;

Data bus inputs are STABLE

Ipp5ART Vpp1 0.8 mA |All bank auto-refresh average current

tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;

tRC = 'REFI;

CA bus inputs are SWITCHING;

Data bus inputs are STABLE

IbpsPR1 Vpp1 0.8 mA |Per bank auto-refresh average current

tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;

tRC = REFIpb;

CA bus inputs are SWITCHING;

Data bus inputs are STABLE

Ipps2 Vpp2:VbDQ 89.2

IppsaB2 Vb2, Vopq 12.8

IbpspB2 Vbp2:Vopa 12.8

Notes: 1. Published Ipp values are the maximum of the distribution of the arithmetic mean.
2. Ipp current specifications are tested after the device is properly initialized.
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Ipp Specifications - Single Die, Single Channel

Table 5: Ippg Partial-Array Self Refresh Current at 85°C

Vpp2. Voo = 1.14-1.30V; Vpp = 1.70-1.95V

PASR Supply Value Unit Parameter/Conditions
Full array Vpp1 624 MA Self-refresh current
Yoo Yonq 26849 EEEt'=LI§V\</V cCAK bus 'HlGl:cl; STABLE
is ; us inputs are ;
1/2 array Voos 454 Data bus inputs are STABLE
Vpp2.Vbbq 1870
1/4 array Vb1 382
Vpp2.Vbbq 1360
1/8 array Vb1 338
Vpp2.Vbbq 1000

Note: 1. Ippg 85°C is the maximum of the distribution of the arithmetic mean.
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Package Block Diagrams

Package Block Diagrams

Figure 2: Single-Rank Single-Channel Package Block Diagram
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Package Dimensions

Package Dimensions

Figure 3: 134-Ball FBGA (10mm x 11.5mm x 0.75mm)
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Ball Assignments

Figure 4: 134-Ball FBGA (x16)
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Ball Assignments

1. Vppca is unnecessary. F1, H1, N2 pins should be left unconnected.
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Figure 5: 134-Ball FBGA (x32)
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Note: 1.

Vppca is unnecessary. F1, H1, N2 pins should be left unconnected.
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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 6: 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], /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]/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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Embedded LPDDR2 SDRAM
Functional Description

Functional Description

Mobile LPDDR2 is a high-speed SDRAM internally configured as a 4- or 8-bank memory
device. The device uses a double data rate architecture on the command/address (CA)
bus to reduce the number of input pins in the system. The 10-bit CA bus is used to
transmit command, address, and bank information. Each command uses one clock cy-
cle, during which command information is transferred on both the rising and falling
edges of the clock.

The LPDDR2-5S4 device uses a double data rate architecture on the DQ pins to achieve
high- speed operation. The double data rate architecture is essentially a 4n prefetch ar-
chitecture with an interface designed to transfer two data bits per DQ every clock cycle
at the I/0 pins. A single read or write access for the LPDDR2-54 effectively consists of a
single 4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM core and four
corresponding n-bit-wide, one-half-clock-cycle data transfers at the I/O pins.

Read and write access is burst oriented; access starts at a selected location and contin-
ues for a programmed number of locations in a programmed sequence.

Access begins with the registration of an ACTIVATE command followed by a READ or
WRITE command. Registered address and BA bits that coincide with the ACTIVATE
command are used to select the row and bank to be accessed. Registered address bits
that coincide with the READ or WRITE command are used to select the bank and the
starting column location for the burst access.

X26PAQTWDSPK-13-10166
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Simplified State Diagram

Figure 6: Functional Block Diagram
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Note: 1. 512Mb is a 4-bank only.

Simplified State Diagram

The state diagram provides a simplified illustration of allowed state transitions and the
related commands to control them. For a complete definition of the device behavior,
the information provided by the state diagram should be integrated with the truth ta-
bles and timing specification. The truth tables provide complementary information to
the state diagram, they clarify the device behavior and the applied restrictions when
considering the actual state of all the banks.
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Embedded LPDDR2 SDRAM
Simplified State Diagram

Figure 7: Simplified State Diagram
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Power-Up and Initialization

Power-Up and Initialization

The device must be powered up and initialized in a predefined manner. Power-up and
initialization by means other than those specified will result in undefined operation.

Voltage Ramp and Device Initialization

The following sequence must be used to power up the device. Unless specified other-
wise, this procedure is mandatory (see the Voltage Ramp and Initialization Sequence
figure). Power-up and initialization by means other than those specified will result in
undefined operation.

1.Voltage Ramp Beginning

While applying power (after Ta), CKE must be held LOW (<0.2 x Vpp,), and all other in-
puts must be between Vi i, and Vigmay. The device outputs remain at High-Z while
CKE is held LOW.

On or before the completion of the voltage ramp (Tb), CKE must be held LOW. DQ, DM,
DQS_t, and DQS_c voltage levels must be between Vggg and Vppq during voltage ramp
to avoid latchup. CK_t, CK_c, CS_n, and CA input levels must be between Vg and Vpp,
during voltage ramp to avoid latchup.

The following conditions apply for voltage ramp:

* Tais the point when any power supply first reaches 300mV.
* Noted conditions apply between Ta and power-down (controlled or uncontrolled).

* Tb is the point at which all supply and reference voltages are within their defined op-
erating ranges.

* Power ramp duration INITO (Tb - Ta) must not exceed 20ms.

* For supply and reference voltage operating conditions, see the Recommended DC
Operating Conditions table.

* The voltage difference between any of Vg, and Vssq pins must not exceed 100mV.
2.Voltage Ramp Completion
After Ta is reached:

* Vpp; must be greater than Vpp; - 200mV
* Vpp and Vpp, must be greater than Vppq - 200mV
* Vger must always be less than all other supply voltages

Beginning at Tb, CKE must remain LOW for at least INIT1 = 100ns, after which CKE can
be asserted HIGH. The clock must be stable at least INIT2 = 5 x 'CK prior to the first
CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must observe setup and
hold requirements (IS, TH) with respect to the first rising clock edge (and to subse-
quent falling and rising edges).

If any MRRs are issued, the clock period must be within the range defined for {CKb
(18ns to 100ns). MRWs can be issued at normal clock frequencies as long as all AC tim-
ings are met. Some AC parameters (for example, 'DQSCK) could have relaxed timings
(such as 'DQSCKDb) before the system is appropriately configured. While keeping CKE
HIGH, NOP commands must be issued for at least INIT3 = 200ps (Td).
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Embedded LPDDR2 SDRAM
Power-Up and Initialization

3. RESET Command

After 'INITS3 is satisfied, the MRW RESET command must be issued (Td). An optional
PRECHARGE ALL command can be issued prior to the MRW RESET command. Wait at
least 'INIT4 while keeping CKE asserted and issuing NOP commands.

4. MRRs and Device Auto Initialization (DAI) Polling

After 'INIT4 is satisfied (Te), only MRR commands and power-down entry/exit com-
mands are supported. After Te, CKE can go LOW in alignment with power-down entry
and exit specifications (see Power-Down).

The MRR command can be used to poll the DAI bit, which indicates when device auto
initialization is complete; otherwise, the controller must wait a minimum of ‘INIT5 or
until the DAI bit is set before proceeding.

Because the memory output buffers are not properly configured by Te, some AC param-
eters must use relaxed timing specifications before the system is appropriately config-
ured.

After the memory device sets the DAI bit (MRO, DAI) to zero, indicating DAI complete,
the device is in the idle state (Tf). DAI status can be determined by issuing the MRR
command to MRO.

The device sets the DAI bit no later than YINIT5 after the RESET command. The control-
ler must wait at least INIT5 or until the DAI bit is set before proceeding.

5.ZQ Calibration

After INIT5 (Tf), the MRW initialization calibration (ZQ calibration) command can be
issued to the memory (MR10).

This command is used to calibrate output impedance over process, voltage, and tem-
perature. In systems where more than one Mobile LPDDR2 device exists on the same
bus, the controller must not overlap MRW ZQ calibration commands. The device is
ready for normal operation after "ZQINIT.

6. Normal Operation

After (Tg), the MRW command must be used to properly configure the memory, includ-
ing, for example, output buffer drive strength, latencies,and so on. Specifically, MR1,
MR2, and MR3 must be set to configure the memory for the target frequency and mem-
ory configuration.

After the initialization sequence is complete, the device is ready for any valid command.
After Tg, the clock frequency can be changed using the procedure described in Input
Clock Frequency Changes and Stop Events.

X26PAQTWDSPK-13-10166
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Power-Off Sequence

Figure 8: Voltage Ramp and Initialization Sequence
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Note: 1. High-Z on the CA bus indicates valid NOP.

Table 7: Initialization Timing Parameters

Value
Parameter Min Max Unit Comment

YINITO - 20 ms Maximum voltage ramp time

YNIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
fINIT2 5 - tCK Minimum stable clock before first CKE HIGH

YNIT3 200 - us Minimum idle time after first CKE assertion

YINIT4 1 - Us Minimum idle time after RESET command

YUNITS - 10 s Maximum duration of device auto initialization
ZQINIT 1 - Us ZQ initial calibration (S4 devices only)

tCKb 18 100 ns Clock cycle time during boot

Note: 1. The YNITO maximum specification is not a tested limit and should be used as a general
guideline. For voltage ramp times exceeding INITO MAX, contact the factory.

Initialization After RESET (Without Voltage Ramp)

If the RESET command is issued before or after the power-up initialization sequence,
the reinitialization procedure must begin at Td.

Power-Off Sequence

While powering off, CKE must be held LOW (<0.2 x Vppy); all other inputs must be be-
tween Vi min and Vigmax. The device outputs remain at High-Z while CKE is held LOW.
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Mode Register Definition

DQ, DM, DQS_t, and DQS_c voltage levels must be between Vgsq and Vppg during the
power-off sequence to avoid latchup. CK_t, CK_c, CS_n, and CA input levels must be be-
tween Vgg and Vpp, during the power-off sequence to avoid latchup.

Tx is the point where any power supply drops below the minimum value specified in
the Recommended DC Operating Conditions table.

Tz is the point where all power supplies are below 300mV. After Tz, the device is pow-
ered off.

Required Power Supply Conditions Between Tx and Tz:

* Vpp; must be greater than Vpp; - 200mV
* Vpp; must be greater than Vppg - 200mV
* Vggr must always be less than all other supply voltages

The voltage difference between Vgg and Vggq must not exceed 100mV.

For supply and reference voltage operating conditions, see Recommended DC Operat-
ing Conditions table.

Uncontrolled Power-Off Sequence
When an uncontrolled power-off occurs, the following conditions must be met:

* At Tx, when the power supply drops below the minimum values specified in the Rec-
ommended DC Operating Conditions table, all power supplies must be turned off and
all power-supply current capacity must be at zero, except for any static charge re-
maining in the system.

¢ After Tz, the point at which all power supplies first reach 300mYV, the device must pow-
er off. The time between Tx and Tz must not exceed ‘POFE During this period, the rel-
ative voltage between power supplies is uncontrolled. Vpp; and Vpp, must decrease
with a slope lower than 0.5 V/us between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of
the device.

Table 8: Power-Off Timing

Parameter Symbol Min Max Unit

Maximum power-off ramp time tPOFF - 2 sec

Mode Register Definition

The LPDDR2 device contains a set of mode registers used for programming device op-
erating parameters, reading device information and status, and for initiating special op-
erations such as DQ calibration, ZQ calibration, and device reset.

Mode Register Assignments and Definitions

The MRR command is used to read from a register. The MRW command is used to write
to aregister. An “R” in the access column of the mode register assignment table indi-
cates read-only; a “W” indicates write-only; “R/W” indicates read or write capable or
enabled.
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Table 9: Mode Register Assignments

Embedded LPDDR2 SDRAM
Mode Register Definition

Notes 1-5 apply to all parameters and conditions
MR# | MA[7:0] Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
0 00h Device info R RFU RzQl RFU DI DAI [go to MRO
1 01h Device feature 1 w nWR (for AP) WC BT BL go to MR1
2 02h Device feature 2 W RFU RL and WL go to MR2
3 03h I/0 config-1 w RFU DS go to MR3
4 04h SDRAM refresh R TUF RFU Refresh rate go to MR4
rate
5 05h Basic config-1 R LPDDR2 Manufacturer ID go to MR5
6 06h Basic config-2 R Revision ID1 go to MR6
7 07h Basic config-3 R Revision 1D2 go to MR7
8 08h Basic config-4 R I/0 width Density Type go to MR8
9 09h Test mode w Vendor-specific test mode go to MR9
10 0Ah I/0 calibration W Calibration code go to MR10
11-15 | O0Bh = OFh Reserved - RFU go to MR11
16 10h PASR_Bank w Bank mask go to MR16
17 11h PASR_Seg w Segment mask go to MR17
18-31 12h-1Fh Reserved - RFU go to MR18
32 20h DQ calibration R See Data Calibration Pattern Description table go to MR32
pattern A
33-39 21h-27h Do not use go to MR33
40 28h DQ calibration R See Data Calibration Pattern Description table go to MR40
pattern B
41-47 29h-2Fh Do not use go to MR41
48-62 30h-3Eh Reserved - RFU go to MR48
63 3Fh RESET w X go to MR63
64-126 | 40h-7Eh Reserved - RFU go to MR64
127 7Fh Do not use go to MR127
128-190 | 80h-BEh Reserved for vendor use RVU go to MR128
191 BFh Do notuse | go to MR191
192-254 | COh-FEh Reserved for vendor use RVU go to MR192
255 FFh Do notuse | go to MR255
Notes: 1. RFU bits must be set to 0 during MRW.

2. RFU bits must be read as 0 during MRR.

3. For READs to a write-only or RFU register, DQS will be toggled and undefined data is
returned.

4. RFU mode registers must not be written.
5. WRITEs to read-only registers must have no impact on the functionality of the device.
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