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LOW POWER DOUBLE DATA RATE 2 (LPDDR2)

(From JEDEC Board ballot JCB-13-23, formulated under the cognizance of the JC-42.6 Subcommittee on
Low Power Memory.)

1 Scope

This document defines the LPDDR2 standard, including features, functionalities, AC and DC
characteristics, packages, and ball/signal assignments. This standard covers the following technologies:
LPDDR2-S2A, LPDDR2-S2B, LPDDR2-S4A, LPDDR2-S4B, LPDDR2-N-A, and LPDDR2-N-B. The
purpose of this standard is to define the minimum set of requirements for JEDEC compliant 64 Mb through
8 Gb for x8, x16, and x32 SDRAM devices as well as 64 Mb through 32 Gb for x8, x16, and x32 for NVM
devices. This document was created using aspects of the following standards: DDR2 (JESD79-2), DDR3
(JESD79-3), LPDDR (JESD209), and LPDDR-NVM (NO7-NV1A). Each aspect of the standard was
considered and approved by committee ballot(s). The accumulation of these ballots were then
incorporated to prepare the LPDDR2 Standard.
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2 Package ballout & addressing

2.1 LPDDR2 12x12 PoP 2-channel 2x32 package ballout

Channel b

Channel a

Power

Ground

Do Not Use

ZQ

N@TE=k 12x12 mm, 0.4mm pitch, 29 rows
NGTEZ 216 Ball Count
N@_ﬁ' E'83 Top View, Al in Top Left Corner
N@TEgSee JESD21-C, Section 3.12.2
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2.2 LPDDR2 14x14 PoP 2-channel 2x32 package ballout

Channel a

Channel b

Power

Ground

Do Not Use

2Q

Clock

NQ™'L 1: 14x14 mm, 0.5mm pitch, 27 rows

NgE =220 Ball Count
NGITE

Top View, Al in Top Left Corner

c .
NgTEm See JESD21-C, Section TBD
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2.3 LPDDR2 14x14 0.5 mm ball pitch Dualx32 Channel PoP ballout using variation VEEBDC for MO-273

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

VsSQ_b| vacc vsso_avssq_a VSS_alb

VSSQ_b 14x14mm, 0.5mm pitch, 27 rows

240 Ball Count

Top View, Al in Top Left Corner
VSSQ_b
DQS2_c

VSSQ_b Channel a

Channel b

VSSQ_b Power

Ground

Do Not Use

R DQSO_t DQSO_C‘ z0

T|vSSQ_b|vss_aib|
U |Vref(DQ)|VSS_alb|

VSSQEh VSSQ_b(VSS_alb VSS_a/b CK_t a
UNU |VSS_alb X VSSQ_b ZQ_a VSSCA_|Vref(CA)[VSSCA_|CK_c_a

N@—EG].4X14 mm, 0.5mm pitch, 27 rows

N@T E@ 240 Ball Count, internal row partially populated
NGT EQ Top View, Al in Top Left Corner

NGTEZ See JESD21-C, Section 3.12.2
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2.4

LPDDR2 12x12 PoP 1-channel x32 package ballout using MO-273

ADQ11
DAT6m

VSSmm

ADQ2
DAT5m

7 8 9 10 1 12
ADQ10 | ADQ9 ADQ8

DAT4m | DAT2m DATOm VEElY
ADQL ADQO

pATam | VSSMM | parim | VSS

D| ADQ12 ADQ4
Flash Memory (eMMC/MuxOneNand/NAND/AADMuxNOR)
E [aaeis ABeE IADD/CTRL
] -E e
G| ADQ14 ADQ6 LPDDR2 CA
H| ADQ15 | ADQ7 Power
OE_n/

K| WE_n RE_n Do Not Use

RP_n, AVD_n,
L RST_n, | ADV_n, Q
M| CE_n VSS Clock
N [ INTWP_n
P ZQ Vref(CA)
R VSS
U CA7
W| CA5
AA|  VSS
AB| DNU DNU CS0_n CS1.n CAl VSSCA CA3 CA4 VSS
é DNU DNU CKEO CKE1 VSS CAO CA2 VSSmm VACC VSSQ
NOTE 1: 12x12 mm, 0.5mm pitch, 23 rows
N%T . 168 Ball Count
NOTES: Top View, Al in Top Left Corner

NéTEﬂ: See JESD21-C, Section 3.12.2

qgnH Buueys jua
sjusuin

14 15 16 17 18 19 20 21 22 23
VSSQ VSSQ | DQS3 c VSS DNU DNU
DQS3_t DM3
Ball Mux Raw [ ADD-Mux
Location |oneNand| MMC | NanD | NOR Comment
RDY /
A3 WAIT n CMDm R/B_n WAIT
A4 CLK CLKm NC CLK
K1 WE_n NC WE_n WE_n
K2 OE_n NC RE_n OE_n
RST_n RST_n/ | DPD must be config-
L RP_n (v4.4) CLE DPD ured active high via
L2 AVD_n NC ALE ADV_n
N1 INT NC WP_n | WP_n

VSsS

DNU

G abed
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25 LPDDR2 10x10 PoP 1-channel x32 package ballout using variation VAABCB for MO-273A

A| DNU DNU VSS

B| DNU DNU VSS

c|l zQ
D[ CA9 CA8

E| VSSCA

F| CA7 CA6 LPDDR2 DQ DQS1_t(DQS1_c|
G| CA5 LPDDR2 CA

H ref(CA) Power

J| VSs Ground

K| CK_t CK_c Do Not Use

L| VSS [VSSCA ZQ

M| CKEl | CKEO Clock

N[ CS1_n | CSO_n

P| CA3 CA4 DQSO0_t(DQSO_c|

R CA2
T| CAl |[VSSCA

U| CAO0

V| DNU | VACC | VSS

W| DNU DNU VSS

NOTE 1: 10x10 mm, 0.5mm pitch, 19 rows
NOTE 2: 136 Ball Count

NOTE 3: Top View, Al in Top Left Corner
NOTE 4: See JESD21-C, Section 3.12.2
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2.6 79-ball x16 LPDDR2 0.5mm pitch package ballout (Discrete/MCP)
1 2 3 4 5 6 7 8 9
LPDDR2 DQ
LPDDR2 CA
Power
Ground

Do Not Use/No
Connect

ZQ
Clock

NOTE 1: 0.5mm pitch, 11 rows
NOTE 2: 79 Ball Count
NOTE 3: Top View, Al in Top Left Corner

NOTE 4: The ZQ-ball used when operating above 200 MHz is limited to a 5pF load (typically 2 die using CKEO,1
and CS0,1)

NOTE 5: See JESD21-C, Section 3.12.1
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2.7 134-ball x16/x32 LPDDR2 package ballout (Discrete/MCP)

Ball Definition
where 2 labels are
present

1stRow | Xx32
VY 2nd Row| device
x16
DQSSt DQS3 q ..
DM3

CA7 VSSQ
Vref(CA) DQS1_c
CK_c DM1
CK_t VSSQ Vref(DQ)
DMO NB LPDDR2 DQ
DQSO_c LPDDR2 CA
VSSQ Power

gg”Not Use/NC/No
-
- Clock

NOTE 1: 0.5mm (x32) or 0.65mm pitch (x32, x16), 17 rows
NOTE 2: 134 Ball Count

NOTE 3: Top View, Al in Top Left Corner

NOTE 4: See JESD21-C, Section 3.12.1
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2.8 162-ball x16/x32 LPDDR2 and SDR-Flash package ballout

1 2 3 4 5 6 7 8 9 10
WP_n CLE 104 107
A DNU DNU WP_n CLE DQ4 DQ7 DNU DNU
DATO DAT6 DAT5 DAT3
1011 ALE RE_n 105 1014 1015
B| DNU DQS ALE RE_n DQ5 NC NC VSS DNU
DAT1 DAT7 | CLKm | DAT4 DAT2 | VCCQm
1010 101 103 WE n | R/B_n 106
c NC DQ1 DQ3 WE_n | RB_n DQ6 NB NB NB NB
RST_n NC VSSQm NC CMD NC
108 100 102 CE_n 1012 1013
D NC DQO DQ2 CE_n NC NC NB NB NB NB
NC NC NC NC NC NC
109
E| Vss NC VACC NB DNU
NC
F NB VSS VSSQ VSSQ
DQS3_t | DQS3_c
G NB e NG VSSQ
DM3
H NB NG VSSQ
J NB VSSQ
K Vref(CA) NB | DQS1_c | DQS1_t VSSQ
L VSS CK_c NB DM1 NB NB NB NB
Mf vsscA NC CK_t NB VSSQ VSS | Vvref(DQ)| NB
NJ CkEO CKE1 CKE2 NB DMO NB NB NB NB
PJ cson | csin | CS2.n NB DQSO0_c | DQSO_t VSSQ
R ca4 CA3 CA2 NB VSSQ
DM2
NB NG VSSQ
DQS2_t | DQS2_c
NB e NG VSSQ
NB VSS VSSQ VSSQ
wfl DNU NC NC NB DNU
vyl DNU DNU NB NB NB NB NB NB DNU DNU

NOTE 1: 0.5mm (x32, x16) or 0.65mm pitch (x32, x16), 20 rows
NOTE 2: 162 Ball Count
NOTE 3: Top View, Al in Top Left Corner
NOTE 4: See JESD21-C, Section 3.12.1
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SDR NVM Ball
Definition where 3
labels are present

1st Row [NVM device|
2nd Row ONFI
3rd Row device

LPDDR2 Ball
Definition where 2
labels are present

1st Row |[x32 device
2nd Row | x16 device

Flash Memory
(eMMC/NVM/ONFI) ADD/CTRL

LPDDR2 DQ

LPDDR2 CA

.PUWer

Ground

Do Not Use/NC/No
Ball

ZQ

Clock

Documents
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2.9 180-ball x16/x32 LPDDR2, SDR-Flash, and e-MMC package ballout

1 2 3 4 5 6 7 8 9 10
104 107
Al DNU DNU WP_n CLE - Q4 bO7 - DNU DNU
1011 105 1014 1015
B| DNU DOS ALE RE_n D05 N e vss DNU
1010 101 103 106 SDR NVM Ball Definition
c NG s D03 WE_n | R/B_n DOB NB NB NB NB where 2 Iabelts are pres-
en
108 100 102 1012 1013 1stRow [NVM device
Pl nc DQO DQ2 G=m NC NC B N3 B N 2ndRow | ONFI
device
109 LPDDR2 Ball Definition
E VSSs NC VACC NB DNU where 2 labels are pres-
ent
1st Row | x32 device
e Ve VSSQ VSSQ 2nd Row | x16 device
DQS3_t | DQS3_c
NB e = VSSQ
DM3
NB e VSSQ
NB VSSQ
Vref(CA) NB DQS1_c | DQS1_t VSSQ
Vss CK_c NB DM1 NB NB NB NB
Ml vsscA NC CK_t NB VSSQ VSS | Vref(DQ) NB
NJ ckeo CKE1 CKE2 NB DMO NB NB NB NB
Pl cson | csin | cs2n NB | DQSO ¢ | DQSO.t VSS Flash Memory
- — — DR QSO Q (eMMC/NVM/ONFI) ADD/CTRL
Rl cas4 cA3 cA2 NB VSSQ -LPDDR2 DQ
DM2
TQ vssca cal NB e VSSQ LPDDR2 CA
DQS2_t | DQS2_c
ull vss cAo NB Sz =4 VSSQ -Power
v Vss VACC NB vss VSSQ VSSQ Ground
w NC NB DNU Do Not Use/NC/No
Ball
v| wvss DAT2 CMD DAT6 DAT1 NB NB NB NB NB zQ
AAl - DNU DAT4 CLKm DATO NB NB NB DNU Clock
AB| DNU DNU DAT3 DAT5 DAT7 RST_n Vss DNU DNU
NOTE 1: 0.5mm (x32, x16) or 0.65mm pitch (x32, x16), 22 rows
NOTE 2: 180 Ball Count
NOTE 3: Top View, Al in Top Left Corner Documents
NOTE 4: See JESD21-C, Section 3.12.1 Document Sharing Hub
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SDR NVM Ball Definition
where 3 labels are present

1st Row
2nd Row
3rd Row

eMMC (e)
OneNAND (o) / AAD Nor (f)
Raw NAND (n) / ONFI2 (i)

Flash Memory
(eMMC/Raw NAND/One-
NAND)

LPDDR2 DQ

Power

LPDDR2 CA

Ground

Do Not Use/NC/No Ball

ZQ

Clock

2.10 121-ball x16 LPDDR2, SDR Flash-NVM, and e-MMC package ballout
1 2 3 4 5 6 7 8 9 10 11
DAT2 DAT5
A NC NC ADQ9 ADQ2 VSS NC NC
DQ2 DQ5
DAT3 DAT6 DAT7
B NC VSSx ADQ1 ADQ11 ADQ3 VSSx VSSQ NC
DQ3 DQ6 DQ7
DATO DAT4 CLK e CMDe |RST ne,f
[ ADQ8 | ADQ10 CLKof | RDYo | RP_no
DQO DQ4 DQSi | WAITf | CLEn,i
DAT1
D ADQO VSSQ
DQ1
E VSS ZQ CA9
WE_n
F - CA8 . VSSX T DQS1_t | VSSQ
- OE_no,f
G| vsscA CA7 CA6 ADQ12 |RE nnji| CE.n DQS1_c
DQ12 | WR_ni
H CA5 ADQ13 | ADQ6 | ADQ4 Vref(DQ)
DQ13 | DQi1 DQY
J Vref(CA) VSS ADQ14 | ADQ7 | ADQ5 DQSO0_c
DQ14 | DQ10 DQ8
K| cK_t CK_c ADQ15 | VSSx DQSO_t
DQ15
L| cson | csin | cs2n VSSQ
M CA4 CA3
AVD_n o -
N| VDDCA CA2 CAl CKEO | ADV_nf INT o VSSQ
ALE n,i [WP_nfn,i
P NC VSSCA CAO0 CKE2 CKE1 \G\PCPC VSSQ NC
R NC NC VSS VSS VSS NC NC
OneNAND (0) NAND
Ball eMMC (e) AAD NOR (f) NAND (n) DDR (i)
- DAT[7:0] ADQ[15:0] DQI[15:0] DQI15:0]
c5 CLK CLK - DQS
C6 CMD RDY / WAIT R/B_n R/B_n
c7 RST_n RP_n/RST_n CLE CLE
F7 - WE_n WE_n WE_n, CLK
G6 OE_n RE_n RE_n, W/IR_n
G7 CE_n CE_n CE_n
N6 AVD_n/AVD_n ALE ALE
N7 INT/WP_n WP_n WP_n

NOTE 1: 0.5mm pitch, 15 rows
NOTE 2: 121 Ball Count

VSSx/VCCx represents common Flash VSS/VCC

NOTE 3: Top View, Al in Top Left Corner
NOTE 4: See JESD21-C, Section 3.12.2

Full document details: JEDEC JESD209-2F-2013
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2.11 LPDDR2 Pad Sequence
Table 1 — LPDDR2 Pad Sequence

CA Pad Sequence DQ Pad Sequence
x32 x16 x8
S4 |S2A|S2B | N-A | N-B S4 |S2A |S2B N-B | S4 [S2A|S2B S2A |S2B[N-A |N

VSS [VSS | VSS [ VSS | VSS | VSS [ VSS | VSS | VSS | VSS | VSS | VSS | VSS | VSS
VSS | VSS | VSS | VSS | VSS | VSST | VSST [ VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST [ VSST |
VDD1 | VDD1 | VDD1 | VDD1 | VDD VDD1 | VDD1 | VDD1 | VDD1 | VDD1 | VDD1 | VDD1 | VDD1 | VDD | VDDIi | VDD1 | VDDL | VDDL | VDDL

VDDQ [VDDQT[VDDQ™[VDDQ™[VDDQ™

DQ31 | DQ3l | DQ3l | DQ3l | DQ3l

DQ30 | DQ30 | DQ30 | DQ30 | DQ30

VDDQ | VDDQ [ VDDQ | VDDQ | VDDQ

DQ29 | DQ29 | DQ29 | DQ29 | DQ29

DQ28 | DQ28 | DQ28 | DQ28 | DQ28
[VSSQ[vssq [vssQ [vssq Jvssa |

DQ27 | DQ27 | DQ27 | DQ27 | DQ27

DQ26 | DQ26 | DQ26 | DQ26 | DQ26

VDDQ | VDDQ | VDDQ | VDDQ | VDDQ

DQ25 | DQ25 | DQ25 | DQ25 | DQ25

DQ24 | DQ24 | DQ24 | DQ24 | DQ24
[[VSSQ [ vesq | vSsQ [ VSsq | VSSa |

DQS3_t | DQS3_t | DQS3_t | DQS3_t | DQS3_t

DQS3_c| DQS3_c| DQS3_¢|DQS3_¢|DQS3_c

VDDQ | VDDQ | VDDQ [ VDDQ | VDDQ

DM3 | DM3 | DM3 | DM3 | DM3
[V [y | [ VAT | [ Ve ][l | [ Ve | [VES | [V | VeS| [V |
DQ15 | DQI5 | DQI5 | DQI5 | DQI5 | DQI5 | DQI5 | DQ15 | DQ15 | DQL5
DQI4 | DQI4 | DQI4 | DQI4 | DQI4 | DQI4 | DQI4 | DQI4 | DQI4 | DQLA
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
DQ13 | DQI3 | DQI3 | DQI3 | DQI3 | DQI3 | DQI3 | DQI3 | DQI3 | DQI3
DQ12 | DQ12 | DQI12 | DQI12 | DQ12 | DQ12 | DQ12 | DQ12 | DQ12 | bQ12
[V [y | [ VAT | [ Ve | [ty | [ Ve | [VES | [V | VeS| [V |
DQI1 | DQI1 | DQIL | DQIL | DQIl | DQIL | DQIL | DQIl | DQIL | DQLL
DQI0 | DQI0 | DQI0 | DQI0 | DQI0 | DQI0 | DQI0 | DQI0 | DQI0 | DQI0
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ

7Q 7Q 7Q DQ9 | DQ9 | DQ9 | DQ9 | DQ9 | DQY | DQI | DQY | DQI | DQI
CA9 | CA9 | CA9 | CA9 | CA9 DQ8 | DQ8 | DQ8 | DQ8 | DQ8 | DQ8 | DQ8 | DQ8 | DQ8 | DQ8

_ DQS1_t|DQS1_t|DQSI_t| DQSI_t| DQSI_t|DQSL t|DQS1 t|DQS1_t|DQSI_t | DQSI_t
VDDCA | VDDCA | VDDCA | VDDCA | VDDCA DQSL_c|DQSL_c|DQSI_c|DQSI_c|DQSL_c|DQSI_c|DQSL c|DQSI_c|DQSI_¢|DQSI ¢
CA7 | CA7 | CA7 | CA7 | CA7 VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
CA6 | CA6 | CA6 | CA6 | CA6 DML | DML | DML | DML | DML | DML | DML | DML | DML | DMI
CAS CAS CA5 CAS. CAS VSSQT[VSSQT[VSSQT[VSSQ VSSQ T [VSSQT[VSSQT[VSSQ T

VDDL VDDL VDDQ [VDDQ™[VDDQ™[VDDQ™[VDDQ™ [ VDDQ [VDDQ ™ [VDDQ ™ [VDDQ ™ [VDDQ™

[[vobz | [wobz [ [wbb2 | VDD1 VDD1 VDD1 VDD1 VDDL VDDL

Vref(CA) [Vref(CA) | Vref(CA) [Vref(CA) | Vref(CA)

| VSS | VSS | VSsS | VsS | VsS | VSS | VSS | VSS | VSST | VSS VSS | VSS | VSS | VSST | VSS VSS_| Vss [ VSS VSs
VDDCA | VDDCA | VDDCA | VDDCA | VDDCA Vref(DQ)| Vref(DQ) | Vref(DQ) | Vref(DQ) | Vref(DQ) | Vref(DQ) | Vref(DQ) | Vref(DQ) | Vref(DQ) [ Vref(DQ) [ Vref(DQ) | Vref(DQ) [Vref(DQ) [ Vref(DQ),
CKc | CKc | CKc | CKc | CKc
CK_t | CKt | CKt | CKt | CKt

[[VSSCA VSSCA | VSSCA | VSSCA | VSSCA | | VSS | VSS | VSS | VSS | VSS | VSS | VSS | VSS | VSS | VSS | VSS | vSS | vSS | VSS |
CKE | CKE | CKE | CKE | CKE EH:- VDD2' [vbb2 | VDD2'
CSN [ CSN [ CSN [ CSN | CSN VDD1 VDDT VDD1 VDDT™ VDDL VDDT™
CA4 CA4 CA4 CA4 CA4 VDDQ |VvDDQT|VDDQ™|VDDQT|VDDQT| VDDQ |VDDQ T |[VDDQ ™ |VDDQ*|VDDQ *|VDDQ T [VDDQ *|VDDQ | VDDQ*
CA3 CA3 CA3 CA3 CA3 HW"WSQTWSQT VSSQ VSSQ T [VSSQT[VSSQT [VSSQT [VSSQT [VSSQT [VSSQT [VSSQT |
CA2 | CA2 | CAz | CAz | CAZ DMO | DMO | DMO | DMO | DMO | DMO | DMO | DMO | DMO | DMO | DMO
VDDCA | VDDCA | VDDCA | VDDCA | VDDCA VDDQ | VDDQ | VDDQ | VDDQ VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
CAL | CAL | CAL | CAL | CAL | DQS0_t| DQSO_t | DQS0_t | DQSO_t | DQSO_t | DQSO_t | DQS0_t | DQSO_t | DQSO_t | DQSO_t | DQSO_t | DQSO_t | DQSO_t | DQSO_t |

DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7 | DQ7
DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6 | DQ6
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5 | DQ5
DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQ4 | DQA

DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3 | DQ3
DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQ2 | DQZ
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL | DQL
DQ0 | DQ0 | DQ0 | DQ0 | DQ0 | DQ0 | DQO | DQ0 | DQO | DQO | DQ0 | DQO | DQO | DQO

DM2 DM2 DM2 DM2 DM2
VDDQ | VDDQ | VDbQ | VDDQ | VDbQ
[DQS2_c|DQS2_c[DQS2_c|DQS2_c[DQS2_¢
[DQS2_t| DQS2_t | DQS2_t | DQS2_t| DQS2_t

DQ23 | DQ23 | DQ23 | DQ23 | DQ23
| DQ22 | DQ22 | DQ22 | DQ22 | DQ22
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
DQ21 | DQ21 | DQ21 | DQ21 | DQ2l
| DQ20 | DQ20 | DQ20 | DQ20 | DQ20

DQ19 | DQ19 | DQI9 | DQI9 | DQI9
DQI8 | DQI8 | DQI8 | DQI8 | DQI8
VDDQ | VDDQ | VDDQ | VDDQ | VDDQ
DQ17 | DQI7 | DQL7 | DQL7 | DQIL7
DQ16 | DQI6 | DQI6 | DQI6 | DQI6

VSs Vss Vss VDDQ [VvDDQ ™ [VvDDQ ™ [VDDQ * [VDDQ
VACC | VACC VACC | VACC VACC | VACC
VvDD1 | vDD1 | VDD1 | VDD1 | VDD1 vbD1 | vDD1 | vDD1 | VvDD1 | VvDD1 | VDD1 | VvDD1 | VDD1 | VvDD1 | VDD1 | VvDD1 | VDD1 | VDD1 | VDD1

VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST | VSST
VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS

NOTE 1 Pads with (*1) are optional.
NOTE 2 Ordering of DQ bits shall be maintained in the system, including within the package and on the PCB.
DQ byte swapping and DQ bit Swapping are not allowed in the system.

NOTE 3 CA pads and DQ pads shall be separated on opposite sides of die from top of silicon view.
Documents

Document Sharing Hub

Full document details: JEDEC JESD209-2F-2013


http://www.avadocuments.com/doc/jedec-jesd209-2f-2013
http://www.avadocuments.com/doc/jedec-jesd209-2f-2013

JEDEC Standard No. 209-2F
Page 13

2.12  Input/output functional description

2.12.1 Pad Definition and Description

Table 2 — Pad Definition and Description

Name Type |Description

CK_t, CK_c |Input |Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA
inputs are sampled on both positive and negative edge of CK_t. Single Data Rate (SDR)
inputs, CS_n and CKE, are sampled at the positive Clock edge.

Clock is defined as the differential pair, CK_t and CK_c. The positive Clock edge is
defined by the crosspoint of a rising CK_t and a falling CK_c. The negative Clock edge is
defined by the crosspoint of a falling CK_t and a rising CK_c.

CKE Input | Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
therefore device input buffers and output drivers. Power savings modes are entered and
exited through CKE transitions.

CKE is considered part of the command code. See Table 60 for command code
descriptions.
CKE is sampled at the positive Clock edge.

CS_n Input | Chip Select: CS_nis considered part of the command code. See Table 60 for command
code descriptions.

CS_n is sampled at the positive Clock edge.

CAO-CA9 |Input |DDR Command/Address Inputs: Uni-directional command/address bus inputs.

CA is considered part of the command code. See Table 60 for command code
descriptions.

DQO0-DQ7 I/0 Data Inputs/Output: Bi-directional data bus

(x8)

DQO - DQ15

(x16)

DQO - DQ31

(x32)

DQSO _t, I/O Data Strobe (Bi-directional, Differential): The data strobe is bi-directional (used for

DQSO0 ¢ read and write data) and differential (DQS_t and DQS_c). It is output with read data and

(x8) input with write data. DQS_t is edge-aligned to read data and centered with write data.

DQSO_t,

DQSO_c, For x8, DQSO0_t and DQSO_c correspond to the data on DQO - DQ?7.

DQS1 t, For x16, DQSO0_t and DQSO0_c correspond to the data on DQO - DQ7; DQS1_t and

DQS1_c DQS1_c to the data on DQS8 - DQ15.

(x16) For x32 DQSO0_t and DQSO0_c correspond to the data on DQO - DQ7, DQS1_t and

DQSO t- DQS1_ctothe data on DQ8 - DQ15, DQS2_tand DQS2_c to the data on DQ16 - DQ23,

DQS3 t, DQS3_t and DQS3_c to the data on DQ24 - DQ31.

DQSO_c -

DQS3 ¢

(x32)

DMO Input | Input Data Mask: For LPDDR2 devices that do not support the DNV feature, DM is the

(x8) input mask signal for write data. Input data is masked when DM is sampled HIGH

DMO-DM1 coincident with that input data during a Write access. DM is sampled on both edges of

(x16) DQS_t. Although DM is for input only, the DM loading shall match the DQ and DQS_t (or

DMO - DM3 DQS_c).

(x32)

DMO is the input data mask signal for the data on DQO-7.

For x16 and x32 devices, DM1 is the input data mask signal for the data on DQ8-15.
For x32 devices, DM2 is the input data mask signal for the data on DQ16-23 and DM3 is
the input data mask signal for the data on DQ24-31.
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Name Type |Description

DMO/DNVO |1/0 Input Data Mask/Data Not Valid: For LPDDR?2 devices that support the DNV feature,

(x8) DM/DNV is bidirectional (used for write and read data). It is output with read data, input

DMO/DNVO- with write data. DM/DNV is the input mask signal for write data and is an output signal

DM1/DNV1 validating a read burst.

(x16)

DMO/DNVO - For data write accesses:

DM3/DNV3 Input data is masked when DM/DNV is sampled HIGH coincident with DQ input data

(x32) during a WRITE access.

DMO is the input data mask signal for the data on DQO-7.

For x16 and x32 devices, DM1 is the input data mask signal for the data on DQ8-15.
For x32 devices, DM2 is the input data mask signal for the data on DQ16-23 and DM3 is
the input data mask signal for the data on DQ24-31.

For data read accesses:

See 5.4.2 for detailed description of DNV functionality.

DNVO, DNV1, DNV2, and DNV3 are driven coincident with output read data. DNVO,
DNV1, DNV2, and DNV3 are driven with the same value and shall be sampled with
DQSO0, DQS1, DQS2, and DQS3 respectively.

The DM/DNV loading shall match the DQ and DQS_t (or DQS_c) loading.

Vpp1 Supply | Core Power Supply 1: Core power supply for LPDDR2-N and LPDDR2-SX devices.

Vpp2 Supply | Core Power Supply 2: Core power supply for LPDDR2-S2B, LPDDR2-S4 and
LPDDR2-N-B devices.

Vbbea Supply | Input Receiver Power Supply: Power supply for CA0-9, CKE, CS_n, CK_t, and CK_c
input buffers.

Vbbpo Supply | /O Power Supply: Power supply for Data input/output buffers.

Vace Supply | NVM Acceleration Supply: NVM device specific embedded operation acceleration.
Vacc enables some NVM device specific functionality. When not used for NVM device
specific functionality, Vacc shall be driven to a level of Vpp;.

VREF(CA) Supply | Reference Voltage for CA Command and Control Input Receiver: Reference voltage
for all CA0-9, CKE, CS_n, CK_t, and CK_c input buffers.

VREF(DQ) Supply | Reference Voltage for DQ Input Receiver: Reference voltage for all Data input buffers.

Vss Supply | Ground

Vssca Supply | Ground for Input Receivers

Vsso Supply | /O Ground

ZQ I/1O Reference Pin for Output Drive Strength Calibration

NOTE 1 Data includes DQ and DM.
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2.13 LPDDR2 SDRAM Addressing
Table 3 — LPDDR2 SDRAM Addressing
Items 64Mb | 128Mb | 256Mb | 512Mb 1Gb 2Gb 4Gb 6Gb 8Gb
Device Type S2/S4 | S2/S4 | S2/S4 | S2/S4 S2 S4 S2 S4 S2/S4 | S2/S4 | S2/S4
Number of Banks 4 4 8 4 8 8
Bank Addresses BAO-BAL BAO-BA1|BAO-BA2|BAO-BAL|BA0-BA2 BAO-BA2
trer(US) 2 156 | 15.6 7.8 7.8 7.8 7.8 3.9 3.9 3.9 3.9 3.9
@ Row Addresses RO-R11|R0-R11|R0O-R12 |R0O-R12| R0O-R13 | RO-R12 | R0-R14 | R0O-R13 |R0-R13|R(-R144|RO-R14
Column Addresses™ | C0-C8 | C0-C9 | CO-C9 |C0-C10| C0-C10 | CO-C10 | CO-C10 | CO-C10 |CO-C11| CO-C1l |CO-C11
16 Row Addresses RO-R11|R0-R11|R0-R12 |R0O-R12| R0O-R13 | RO-R12 | R0-R14 | R0-R13 |R0-R13|Ro-R14*4|RO-R14
Column Addresses™ | C0-C7 | C0O-C8 | CO-C8 | CO-C9 | CO-C9 | CO-C9 | CO-C9 | CO-C9 [CO-Cl0| CO-C10 |CO-C10
32 Row Addresses RO-R11|R0-R11|R0-R12|R0O-R12| R0O-R13 | RO-R12 | R0-R14 | R0-R13 |R0-R13|Ro-R144|RO-R14
Column Addresses™ | C0-C6 | C0-C7 | CO-C7 | CO-C8 | CO-C8 | CO-C8 | CO-C8 | CO-C8 | CO0-C9| CO-C9 | CO-C9

NOTE 1 The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.
NOTE 2 tggg values for all bank refresh is Tc = -25~85 °C, Tc means Operating Case Temperature

NOTE 3 Row and Column Address values on the CA bus that are not used are “don’t care.”

NOTE 4 No memory present at addresses with R13=R14=HIGH. ACT command with R13=R14=HIGH is
ignored (NOP). Write to R13=R14=HIGH is ignored (NOP).

2.14 LPDDR2 NVM Addressing

2.14.1 Three-Phase Addressing

The memory controller delivers an array address to the memory in three phases (See Figure 1 and Figure 2). The
Table 60 defines the required assignment of logical address bits to CA pins. Scrambling of the logical address bits in
any order different than those described in the Command truth table is prohibited.

During a Preactive command, part of a row address (driven on the CA input pins) is stored in a Row Address Buffer
(RAB) selected by BA2-BAO.

During an Activate command, BA2-BAO select an RAB to retrieve the first part of the row address. Meanwhile, the
remainder of the row address is driven on the CA input pins. These two parts of the row address select one row from
the memory array. Activate also causes internal sensing circuits to transfer that memory content into a Row Data
Buffer (RDB) also selected by BA2-BAO.

An {RAB, RDB} pair selected by BA2-BAO is referred to as a Row Buffer (RB). BA2-BAO do not address any
portion of the array and only select an RAB into which address is placed and/or an RDB into which data is placed.
The controller may use any value of BA2-BAO for any array location.

During a Read or Write command BA2-BAO selects an RDB, and the column address is driven on the CA input pins
to choose the starting address of the read or write burst.

The Preactive command is optional when the desired RAB already contains the desired partial row address. The
Activate command is optional when the desired RDB already contains the desired memory content.

Upon completion of Device Auto-Initialization, all Row Buffers are in the Idle state, and RABs contain 0x0000 and
all RDBs contain indeterminate values.

Documents

Document Sharing Hub

Full document details: JEDEC JESD209-2F-2013


http://www.avadocuments.com/doc/jedec-jesd209-2f-2013
http://www.avadocuments.com/doc/jedec-jesd209-2f-2013

JEDEC Standard No. 209-2F
Page 16

2.5.1 Three-Phase Addressing (cont'd)

NVM
RAB #0 > Activate Phase
Preactive Phase RAB #1 g .
a[19:x
a[max:20] —» 222 zi lj: —l [19:X]
* - I_RTBW - = ]—b 7
JdOr Upper Row Address | Lower Row Address
BA[2:0] |
BA[2:0] l
Read Phase BA[2:0] | Row Decoder
Cly:1] i ¢ i\
RDB #0 l— X ¢
RDB #1 || =
DQ | Output RDB #2 £l
<+—| State |[¢— SoB 3 < s Memory Array
Machine . 8
—— o — 8
[ _ _RDB# _ &

Figure 1 — LPDDR2-N: Three-Phase Address Read

NOTE 1 In the Preactive phase, afmax] is dependent on the density of the NVM device.

NOTE 2 Inthe Activate phase, the lower order row address bit a[x] is dependent on the size of the Row Data Buffer

(RDB).
NOTE 3 Inthe Read phase, column address bit C[y] is dependent on the size of the Row Data Buffer (RDB) and the
data bus width.

NOTE 4 An {RAB, RDB} pair selected by BA[2:0] is referred to as a Row Buffer (RB).
NOTE 5 The least significant column address CO is implied to be zero and is not transmitted on the CA bus.

NOTE 6 An{RAB, RDB} pair can be associated with any portion of the memory array.
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RAB #0 > Activate Phase
Preactive Phase RAB #1 = .
a[max:20] —» RAB #2 > a[19:x]
RAB #3 g
* 7 T RAB#7 - = ]—b i
O T T T T T 2 Upper Row Address | Lower Row Address
BA[2:0] |
BA[2:0] l
Write Phase  BA[2:0] | SEEEE
Cly:1] 14 i\
RDB #0 le— X e
DQ ! RDB #1 || E—L
—>»| State |—» Ak < < Memory Array
Machine __RDB#3 8
' o o]
[ _ _RDB#7 e ?
Figure 2 — LPDDR2-N: Three-Phase Address Write
NOTE 1 In the Preactive phase, afmax] is dependent on the density of the NVM device.

NOTE 2 Inthe Activate phase, the lower order row address bit a[x] is dependent on the size of the Row Data Buffer
(RDB).
NOTE 3 In the Write phase, column address bit C[y] is dependent on the size of the Row Data Buffer (RDB) and

the data bus width.

NOTE 4 An {RAB, RDB} pair selected by BA[2:0] is referred to as a Row Buffer (RB).
NOTE 5 The least significant column address CO is implied to be zero and is not transmitted on the CA bus.

Table 4 — 64 Mb Addressing

Configuration 8 Mb x 8 4 Mb x 16 2 Mb x 32
# of Row Buffers™3 4 4 4
Upper Row Address (PREACTIVE) a22-a20 a22-a20 a22-a20
Lower Row Address (ACTIVE)? al9-A5 al9-a5 al9-a5

Column Address (READ/WRITE)14

ad-al (C4-Cl)

ad-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size™! 32 Bytes 32 Bytes 32 Bytes
Table 5 — 128 Mb Addressing
Configuration 16 Mb x 8 8 Mb x 16 4 Mb x 32
# of Row Buffers™>3 4 4 4
Upper Row Address (PREACTIVE) a23-a20 a23-a20 a23-a20
Lower Row Address (ACTIVE)? al9-a5 al9-a5 al9-a5

Column Address (READ/WRITE)14

ad-al (C4-Cl)

ad-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size™l

32 Bytes

32 Bytes

32 Bytes
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2.5.1 Three-Phase Addressing (cont'd)

Table 6 — 256 Mb addressing

Configuration 32Mb x 8 16 Mb x 16 8 Mb x 32
# of Row Buffers™3 4 4 4
Upper Row Address (PREACTIVE) a24-a20 a24-a20 a24-a20
Lower Row Address (ACTIVE)? al9-a5 al9-a5 al9-as
Column Address (READ/WRITE)1#4 | a4-al (C4-C1) | ad4-a2 (C3-C1) | ad4-a3 (C2-Cl)
RDB size™! 32 Bytes 32 Bytes 32 Bytes

Table 7 — 512 Mb addressing

Configuration 64 Mb x 8 32 Mb x 16 16 Mb x 32
# of Row Buffers%3 4 4 4
Upper Row Address (PREACTIVE) a25-a20 a25-a20 a25-a20
Lower Row Address (ACTIVE)? al9-a5 alo-as al9-as

Column Address (READ/WRITE)14

a4-al (C4-Cl)

a4-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size 1 32 Bytes 32 Bytes 32 Bytes
Table 8 — 1 Gb addressing
Configuration 128 Mb x 8 64 Mb x 16 32 Mb x 32
# of Row Buffers™®3 4 4 4
Upper Row Address (PREACTIVE) a26-a20 a26-a20 a26-a20
Lower Row Address (ACTIVE)™? al9-a5 al9-a5 al9-a5

Column Address (READ/WRITE)14

ad-al (C4-Cl)

ad-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size "1 32 Bytes 32 Bytes 32 Bytes
Table 9 — 2 Gb addressing
Configuration 256 Mb x 8 128 Mb x 16 64 Mb x 32
# of Row Buffers™®3 4 4 4
Upper Row Address (PREACTIVE) a27-a20 a27-a20 a27-a20
Lower Row Address (ACTIVE)™ al9-a5 al9-a5 al9-a5

Column Address (READ/WRITE)14

ad-al (C4-Cl)

ad-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size "1 32 Bytes 32 Bytes 32 Bytes
Table 10 — 4 Gb addressing

Configuration 512 Mb x 8 256 Mb x 16 128 Mb x 32
# of Row Buffers™?3 4 4 4
Upper Row Address (PREACTIVE) a28-a20 a28-a20 a28-a20
Lower Row Address (ACTIVE)? al9-a5 al9-a5 al9-a5
Column Address (READ/WRITE)14 | a4-al (C4-Cl) | a4-a2 (C3-Cl) | a4-a3 (CZ-Cl)[
RDB size ™! 32 Bytes 32 Bytes 22 Rvies
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2.5.1 Three-Phase Addressing (cont'd)

Table 11 — 8 Gb addressing

Configuration 1Gbx8 512 Mb x 16 256 Mb x 32
# of Row Buffers™3 4 4 4
Upper Row Address (PREACTIVE) a29-a20 a29-a20 a29-a20
Lower Row Address (ACTIVE)? al9-a5 al9-a5 al9-as
Column Address (READ/WRITE)1#4 | a4-al (C4-C1) | ad4-a2 (C3-C1) | ad4-a3 (C2-Cl)
RDB size 1 32 Bytes 32 Bytes 32 Bytes

Table 12 — 16 Gb addressing

Configuration 2Gbx8 1Gbx 16 512 Mb x 32
# of Row Buffers™3 4 4 4
Upper Row Address (PREACTIVE) a30-a20 a30-a20 a30-a20
Lower Row Address (ACTIVE)? al9-a5 alo-as alo-as

Column Address (READ/WRITE)14

a4-al (C4-C1)

a4-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size 1 32 Bytes 32 Bytes 32 Bytes
Table 13 — 32 Gb addressing
Configuration 4Gbx8 2Gb x 16 1Gb x 32
# of Row Buffers™?3 4 4 4
Upper Row Address (PREACTIVE) a31l-a20 a31-a20 a31l-a20
Lower Row Address (ACTIVE)? al9-a5 al9-a5 al9-as

Column Address (READ/WRITE)14

ad-al (C4-C1)

ad-a2 (C3-C1)

a4-a3 (C2-C1)

RDB size 1

32 Bytes

32 Bytes

32 Bytes

Notes for Tables 4-13

NOTE 1 All tables above show examples using minimum 32 Byte RDB Size, see Table 14 for other RDB

sizes.

NOTE 2 The number of Row Buffers can be 4 or 8. A controller may use a smaller number of Row Buffers
provided that the appropriate most significant BA addresses are driven to “0”.

NOTE 3 One Row Buffer consists of a pair of one Row Address Buffer (RAB) and one Row Data Buffer

(RDB), selected by Buffer Address, BAO-BA2 (CA7r-CA9r).

NOTE 4 The least significant column address CO is implied to be zero and is not transmitted on the CA bus.

NOTE 5 Row and Column Address values on the CA bus that are not used are “don’t care.”
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25.1

Three-Phase Addressing (cont’'d)

Table 14 — Addressing Dependent on RDB Size

RDB Size

Configuration

x8

x16

x32

32 Byte

Lower Row Address

al9-ab

al9-ab

al9-ab

Column Address

a4-al(C4-Cl)

a4-a2(C3-C1)

a4-a3(C2-C1)

64 Byte

Lower Row Address

al9-a6

al9-a6

al9-ab

Column Address

a5-a1(C5-C1)

a5-a2(C4-Cl)

a5-a3(C3-Cl1)

128 Byte

Lower Row Address

al9-a7

al9-a7

al9-a7

Column Address

a6-a1(C6-C1)

a6-a2(C5-C1)

a6-a3(C4-C1)

256 Byte

Lower Row Address

al9-a8

al9-a8

al9-a8

Column Address

a7-al(C7-C1)

a7-a2(C6-C1)

a7-a3(C5-C1)

512 Byte

Lower Row Address

al9-a9

al9-a9

al9-a9

Column Address

a8-al1(C8-C1)

a8-a2(C7-Cl)

a8-a3(C6-Cl)

1KB

Lower Row Address

al9-alo

al9-al0

al9-al0

Column Address

a9-a1(C9-C1)

a9-a2(C8-C1)

a9-a3(C7-Cl1)

2 KB

Lower Row Address

al9-all

al9-all

al9-all

Column Address

al0-al(C10-C1)

al0-a2(C9-C1)

al0-a3(C8-C1)

4 KB

Lower Row Address

al9-al2

al9-alz2

al9-al2

Column Address

all-al(C11-C1)

all-a2(C10-C1)

all-a3(C9-C1)

NOTE 1 The least significant column address CO is implied to be zero and is not transmitted on the CA bus.
NOTE 2 Row and Column Address values on the CA bus that are not used are “don’t care.”
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3 Functional description

LPDDR2-S is a high-speed SDRAM device internally configured as a 4 or 8-Bank memory.
LPDDR2-N is a high-speed Non-Volatile Memory device, internally configured to have 4 or 8 Row Buffers.
These devices contain the following number of bits:

64 Mb has 67,108,864 bits
128 Mb has 134,217,728 bits
256 Mb has 268,435,456 bits
512 Mb has 536,870,912 bits
1 Gb has 1,073,741,824 bits
2 Gb has 2,147,483,648 bits
4 Gb has 4,294,967,296 bits
6 Gb has 6,442,450,944 bits
8 Gb has 8,589,934,592 bits

The following densities apply to LPDDR2-NVM devices only:
16 Gb has 17,179,869,184 bits
32 Gb has 34,359,738,368 bits

All LPDDR?2 devices use a double data rate archiecture on the Command/Address (CA) bus to reduce the number of
input pins in the system. The 10-bit CA bus contains command, address, and Bank/Row Buffer information. Each
command uses one clock cycle, during which command information is transferred on both the positive and negative
edge of the clock.

LPDDR2-S2 also uses a double data rate architecture on the DQ pins to achieve high speed operation. The double
data rate architecture is essentially a 2n prefetch architecture with an interface designed to transfer two data bits per
DQ every clock cycle at the I/O pins. A single read or write access for the LPDDR2-S2 effectively consists of a single
2n-bit wide, one clock cycle data transfer at the internal SDRAM core and two corresponding n-bit wide, one-half-
clock-cycle data transfers at the 1/O pins.

LPDDR2-S4 and LPDDR2-N also use a double data rate architecture on the DQ pins to achieve high speed operation.
The double data rate architecture is essentially a 4n prefetch architecture with an interface designed to transfer two
data bits per DQ every clock cycle at the 1/0 pins. A single read or write access for the LPDDR2-S4 and LPDDR2-N
effectively consists of a single 4n-bit wide, one clock cycle data transfer at the internal SDRAM/NVM core and four
corresponding n-bit wide, one-half-clock-cycle data transfers at the 1/0 pins.

Read and write accesses to the LPDDR?2 are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence.

For LPDDR2-SX devices, accesses begin with the registration of an Activate command, which is then followed by a
Read or Write command. The address and BA bits registered coincident with the Activate command are used to select
the row and the Bank to be accessed. The address bits registered coincident with the Read or Write command are used
to select the Bank and the starting column location for the burst access.

For LPDDR2-N devices, accesses begin with the registration of an Preactive command, followed by an Activate
command, which is then followed by a Read or Write command. The address and BA bits registered coincident with
the Preactive and Activate commands are used to select the row and the Row Buffer to be accessed. The address bits
registered coincident with the Read or Write command are used to select the Row Buffer and the starting column
location for the burst access.

For LPDDR2-NVM devices, operations other than “array reads” are performed by accessing an overlay window that
is mapped over the array space of the memory. The Overlay Window Base Address (OWBA) is programmed using
the Mode Registers. The overlay window is enabled and disabled by using the Mode Register. When the overlay
window is disabled, all array accesses map to the memory array. When the overlay window is enabled, reads and
writes to Overlay Window within the array memory space access the Overlay Window.

Prior to normal operation, the LPDDR2 must be initialized. The following section provides detailed information
covering device initialization, register definition, command description and device operation. DOCU ments
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3.1 Simplified LPDDR2 Bus Interface State Diagram

The simplified LPDDR2 bus interface 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 tables 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.

For the command definition, see clause 5.
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3.1 Simplified LPDDR2 Bus Interface State Diagram (cont’d)

Power
Applied

Reading Self

Refreshing

Resetting

Active
Power

Down Reading

Active™

WR

Reading

RDA" |
WRA"? RDA"

PR, PRA™

Reading
with
Autoprecharge

Writing
with
Autoprecharge

PR(A) = Precharge” (All)

ACT = Activate
WR(A) = Write (with Autoprecharge?) i
RD(A) = Read (with Autoprecharge?) Precharging

BST = Burst Terminate <
Reset = Reset is achieved through MRW command
MRW = Mode Register Write

MRR = Mode Register Read

PD = Enter Power Down

PDX = Exit Power Down

SREF = Enter Self Refresh™

SREFX = Exit Self Refresh"

DPD = Enter Deep Power Down"?

DPDX = Exit Deep Power Down 2

REF = Refresh™?

Figure 3 — LPDDR2: Simplified Bus Interface State Diagram

NOTE 1 These transitions apply for LPDDR2-N devices only.
NOTE 2 These transitions apply for LPDDR2-SX devices only.
NOTE 3 For LPDDR2-SDRAM in the Idle state, all banks are precharged.

Page 23

—) ALtOMAatic Sequence
—— > Command Sequence

PR, PRA™

SDRAM only"?

NVM + SDRAM

NOTE 4 For LPDDR2-NVM in the Active state, one or more Row Buffers have been activated.
NOTE 5 Use caution with this diagram. It is intented to provide a floorplan of the possible state transitions
and commands to control them, not all details. In particular, situations involving more than one Bank/Row

Buffer are not captured in full detail.

NOTE 6 Resetting duration is variable. Poll DAI status bit to detect state transition to Idle.

NOTE 7 Reset command sets all Row Address Buffers to 0x0000.
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3.2 Simplified LPDDR2-SX State Diagram

LPDDR2-SDRAM 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 tables 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.

For the command definition, see clause 5.
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3.2 Simplified LPDDR2-SX State Diagram (cont’d)

—) AUtOMatic Sequence
—— Command Sequence

Reset

Resetting

Reading Self

Refreshing

» Refreshing

Active

Power . PR, PRA

Down Reading !

BST Active™®
WR
4 Reading
I RDA I
WRA RDA
Writing PR, PRA Reading
with with
Autoprecharge Autoprecharge
PR(A) = Precharge (All)
ACT = Activate
WR(A) = Write (with Autoprecharge)
RD(A) = Read (with Autoprecharge) ;
BST = Burst Terminate Precharging T
Reset = Reset is achieved through MRW command
MRW = Mode Register Write
MRR = Mode Register Read
PD = Enter Power Down
PDX = Exit Power Down
SREF = Enter Self Refresh
SREFX = Exit Self Refresh
DPD = Enter Deep Power Down
DPDX = Exit Deep Power Down
REF = Refresh
Figure 4 — LPDDR2-S: Simplified Bus Interface State Diagram
NOTE 1 For LPDDR2-SDRAM in the Idle state, all banks are precharged.
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3.3 Simplified LPDDR2-N Simplified Bus State Diagram

LPDDR2-NVM simplified bus interface state diagram provides a simplified illustration of allowed bus interface state
transitions and the related commands to control them. For a more detalied definition of the device bus interface, the
information provided by the state diagram should be integrated with the truth tables and timing specification.

For the command definition see clause 5

LPDDR2-NVM has two types of states: stable states, which are entered and exited with a command, and transitory
states, which are entered with a command and exited automatically.

LPDDR2-NVM stable states are: Power-on, Idle, Active, Resetting Power Down, Idle Power Down, and Active
Power Down.

LPDDR2-NVM transitory states are: Resetting, Resetting MR Reading, Idle MR Reading, MR Writing, Active MR
Reading, Reading, Writing and Preactivating.

LPDDR2-NVM state diagram is shown in Figure 5, where each state transition, due to a command, is represented
with a numbered arc.

Follows the description of all the allowed commands for any given state. The arc number of each transition is
included in the description in parenthesis.

3.3.1 Power On and Resetting states

(1) After power up, the device goes in the Power On state.

(2) The Reset command is the only command allowed in this state, and when issued, it brings all Row Buffers (RB)
into the Resetting state after t;y 14

(3) Mode Register Read (MRR) command can be issued from the Resetting state. MRR allows retrieving useful
information such as: memory type, memory characteristics, or the Resetting status through the DAL bit. The device
enters in Resetting Mode Register Reading state when MRR command is registered, and goes back automatically to
Resetting state after tyrg.

(4) Enter Power Down command brings all Row Buffers into the Resetting Power Down state. For the complete
description of Power Down entry, see 5.14.

(5) Exit Power Down command brings all Row Buffers from the Resetting Power Down state back to the Resetting
state after typ. For the complete description of Power Down exit, see 5.14.

The duration of Resetting, tj1s, is device specific and it is not defined in this document. The memory controller

shall poll DAI bit to determine the completion of the device initialization. Upon completion of device initialization,
all Row Buffers are in the Idle state and all RABs have a default value of 0x0000.

3.3.2 Idle state

From the Idle state, the following commands are allowed: Reset, Mode Register Write, Mode Register Read,
Preactive, Activate and Enter Power Down.

(6) Reset command brings all Row Buffers into the Resetting state after t;n 14

(7) Mode Register Write command brings all Row Buffers to the MR Writing state. All Row Buffers return to the Idle
state after tyrwy-

(8) Mode Register Read command brings the Row Buffer to the Idle MR Reading state. The Row Buffer goes
automatically back to the Idle state after ty,gg.

(9) Preactive command brings the Row Buffer to the Preactivating state. The Row Buffer goes automatically back to
the Idle state after tgp. Documents
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3.3.2 Idle state (cont'd)

(10) Activate command brings the Row Buffer from the Idle state to the Row Activating state, which is not explicitly
shown in the state diagram. The Row Buffer goes automatically from the Row Activating state to the Active state
after tRCD'

(11) Enter Power Down command brings the Row Buffer into the Idle Power Down state. For the complete
description of power down entry see 5.14.

(12) Exit Power Down command brings the Row Buffer from the Idle Power Down state back to the Idle state after
txp. For the complete description of power down exit see 5.14.

3.3.3 Active state

From the Active state, the following commands are allowed: Reset, Mode Register Write, Mode Register Read,
Preactive, Activate, Read, Write and Enter Power Down.

(13) Reset command brings all Row Buffers into the Resetting state after tn;74-

(14) Mode Register Write command brings all Row Buffers to the MR Writing state. All Row Buffers return to the
Idle state after typryy.

(15) Mode Register Read command brings the Row Buffer to the Active MR Reading state. The Row Buffer goes
automatically back to the Active state after ty,ggr.

(16) Preactive command brings the Row Buffer to the Preactivating state. The Row Buffer goes automatically to the
Idle state after tgp.

(17) Activate command brings the Row Buffer from the Active state to the Row Activating state, which is not
explicitly shown in the state diagram. The Row Buffer goes automatically back to the Active state after tgcp.

(18) Read command moves the Row Buffer to the Reading state. The Row Buffer goes automatically back to the Row
Active state after BL/2 clock cycles, or after a Burst Terminate command. See 5.4 for timing restrictions to apply
between the Read command and a following Read, Write, Mode Register Write, Mode Register Read, Preactive,
Activate or Enter Power Down commands that might occur. If a new Read command is issued within BL/2 clock
cycles, the Row Buffer remains in the Reading state.

(19) Write command moves the Row Buffer to the Writing state. The Row Buffer goes automatically back to the Row
Active state after BL/2 clock cycles, or after a Burst Terminate command. See 5.5 for timing restrictions to apply
between the Write command and the following Write, Read, Mode Register Write, Mode Register Read, Preactive,
Activate or Enter Power Down commands that might occur. If a new Write command is issued within BL/2 clock
cycles, the Row buffer remains in the Writing state.

(20) Enter Power Down command brings the Row Buffer into the Active Power Down state. For the complete
description of power down entry see 5.14.

(21) Exit Power Down command brings the Row Buffer from the Active Power Down state back to the Row Active
state after typ. For the complete description of power down exit see 5.14.
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3.3.3 Active state (cont’d)

— AUtOMAatIC Sequence
——» Command Sequence

Active
Power
Down

PREACT

BST Active

WR

Reading

PREACT

PREACT = Preactive

ACT = Activate

WR = Write

RD = Read

BST = Burst Terminate

Reset = Reset is achieved through MRW command
MRW = Mode Register Write

MRR = Mode Register Read

PD = Enter Power Down

PDX = Exit Power Down

A 4

~

Preactivating
<

Figure 5 — LPDDR2-N: Simplified Bus Interface State Diagram

NOTE 1 For LPDDR2-NVM in the Active state, one or more Row Buffers have been activated.

NOTE 2 Use caution with this diagram. It is intented to provide a floorplan of the possible state transitions
and commands to control them, not all details. In particular, situations involving more than one Row
Buffer are not captured in full detail.

NOTE 3 Resetting duration is variable. Poll DAI status bit to detect state transition to Idle.

NOTE 4 Reset command sets all Row Address Buffers to 0x0000.
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3.4 Power-up, Initialization, and Power-Off

LPDDR2 Devices must be powered up and initialized in a predefined manner. Operational procedures other than
those specified may result in undefined operation.

3.4.1 Power Ramp and Device Initialization

The following sequence shall be used to power up an LPDDR?2 device. Unless specified otherwise, these steps are
mandatory and apply to S2, S4 and N devices.

1. Power Ramp

While applying power (after Ta), CKE shall be held at a logic low level (=< 0.2 x VDDCA), all other inputs shall
be between VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high impedance
state while CKE is held low.

On or before the completion of the power ramp (Th) CKE must be held low.

DQ, DM, DQS_tand DQS_c voltage levels must be between VSSQ and VDDQ during voltage ramp to avoid
latch-up. CK_t, CK_c¢, CS_n, and CA input levels must be between VSSCA and VDDCA during voltage ramp to
avoid latch-up.

The following conditions apply:

Ta is the point where any power supply first reaches 300 mV.

After Ta is reached, VDD1 must be greater than VDD2 - 200 mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDCA - 200 mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDQ - 200 mV.

After Ta is reached, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pins may not exceed 100 mV.
The above conditions apply between Ta and power-off (controlled or uncontrolled).

Tb is the point when all supply voltages are within their respective min/max operating conditions. Reference
voltages shall be within their respective min/max operating conditions a minimum of 5 clocks before CKE goes
high.

For supply and reference voltage operating conditions, see Table 69, Table 70, and Table 71.

Power ramp duration tn;o (Th - Ta) must be no greater than 20 ms.

NOTE VDD?2 is not present in some systems. Rules related to VDD2 in those cases do not apply.

2. CKE and clock:
Beginning at Th, CKE must remain low for at least t;;11 = 100 ns, after which it may be asserted high. Clock
must be stable at least t;1> = 5 x tCK prior to the first low to high transition of CKE (Tc). CKE, CS_n and CA

inputs must observe setup and hold time (tIS, tIH) requirements with respect to the first rising clock edge (as well
as to the subsequent falling and rising edges).

The clock period shall be within the range defined for tcky, (18 ns to 100 ns), if any Mode Register Reads are per-

formed. Mode Register Writes can be sent at normal clock operating frequencies so long as all AC Timings are
met. Furthermore, some AC parameters (€.9. tpgsck) may have relaxed timings (e.9. tpgsckp) before the system
is appropriately configured.

While keeping CKE high, issue NOP commands for at least t;y 3 = 200 us. (Td).

3. Reset command:
After tyn 73 is satisfied, a MRW(Reset) command shall be issued (Td). The memory controller may optionally
issue a Precharge-All command (for LPDDR2-SX) or Preactive (for LPDDR2-N) prior to the MRW Reset com-
mand. For LPDDR2-N devices, the subsequent MRW Reset command will set each Row Address Buffers (RAB)
to 0x0000 overwriting the value stored by the previous preactive command. Wait for at least t:n4 Dwﬂments

keeping CKE asserted and issuing NOP commands. Document Sharing Hub
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3.4.1 Power Ramp and Device Initialization (cont’d)

4. Mode Registers Reads and Device Auto-Initialization (DAI) polling:
After t;n 74 is satisfied (Te) only MRR commands and power-down entry/exit commands are allowed.
Therefore, after Te, CKE may go low in accordance to Power-Down entry and exit specification (see 5.14).

The MRR command may be used to poll the DAI-bit to acknowledge when Device Auto-Initialization is complete
or the memory controller shall wait a minimum of tINIT5 before proceeding.

As the memory output buffers are not properly configured yet, some AC parameters may have relaxed timings
before the system is appropriately configured.

After the DAI-bit (MRO, “DAI”) is set to zero “DAI complete” by the memory device, the device is in idle state
(Tf). The state of the DAI status bit can be determined by an MRR command to MRO.

All SDRAM devices will set the DAI-bit no later than t;y15 (10 us) after the Reset command. The memory
controller shall wait a minimum of tINIT5 or until the DAI-bit is set before proceeding.

For NVM devices, repetitive polling of the DAI-BIt is required to determine when this bit has internally been set
to zero “DAI complete” by the memory device. A Value for t;y 15 value is not defined for NVMs in this document

because it is device dependent. The only way to determine when Device Auto-Initialization is complete is to poll
DAL. To obtain the shortest boot up time and ensure compatibility with any future NVM device it is recommended
to not rely on any predetermined t;y; 15 value.

After the DAI-Bit is set, it is recommended to determine the device type and other device characteristics by
issuing MRR commands (MRO “Device Information” etc.).

5. ZQ Calibration:
After tn 75 (T1), an MRW ZQ Initialization Calibration command may be issued to the memory (MR10). For

LPDDR?2 devices which do not support the ZQ Calibration command, this command shall be ignored. This com-
mand is used to calibrate the LPDDR?2 output drivers (RON) over process, voltage, and temperature. Optionally,
the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connection. In systems in
which more than one LPDDR?2 device exists on the same bus, the controller must not overlap ZQ Calibration
commands. The device is ready for normal operation after tZQINIT.

6. Normal Operation:
After tzoniT (Tg), MRW commands shall be used to properly configure the memory, for example the output buf-

fer driver strength, latencies etc. Specifically, MR1, MR2, and MR3 shall be set to configure the memory for the
target frequency and memory configuration.

To support simple boot from the NVM, some Mode Registers are reset to default values during Device Auto-Ini-
tialization. See the Mode Register section of this specification for default values.

The LPDDR?2 device will now be in IDLE state and ready for any valid command.

After Tg, the clock frequency may be changed according to the clock frequency change procedure described in
5.16.

Documents

Document Sharing Hub

Full document details: JEDEC JESD209-2F-2013


http://www.avadocuments.com/doc/jedec-jesd209-2f-2013
http://www.avadocuments.com/doc/jedec-jesd209-2f-2013

JEDEC Standard No. 209-2F

Page 31
3.4.1 Power Ramp and Device Initialization (cont’'d)
Table 15 — Timing Parameters for initialization
Symbol - Value Unit Comment
min max
tiniTo 20 ms Maximum Power Ramp Time
tNTL 100 ns Minimum CKE low time after completion of power ramp
tiNnT2 5 tCK Minimum stable clock before first CKE high
tiNT3 200 us Minimum Idle time after first CKE assertion
tiNT2 1 us Minimum Idle time after Reset command
s S:10 us Maximum duration of
N: vendor us Device Auto-Initialization
tromi 1 us iQ _Initial Calibration for LPDDR2-S4 and LPDDR2-N
evices

tckp 18 100 ns Clock cycle time during boot

Ta Tb Tc Td Te Tf Tg

* tiniT2 = 5 tek (Min)
oo I T

HiNimo = 20 ms (max) —>

supplies Y ) ) ) IR N N

— t|N|T3 =200 us (mln) >

tiniTL = 100 ns (m|n)

CKE | ) W | Hieefy

|

[ liscke tiNiTs
tzoniT ]

tinT4 = 1 Us (min)

<RESET>—“—< MRR %S—\V ZQC HH Valid
S T

* Midlevel on CA bus means: valid NOP

0

>

*
)

o
O

Figure 6 — Power Ramp and Initialization Sequence

3.4.2 Initialization after Reset (without Power ramp)

If the RESET command is issued outside the power up initialization sequence, the reinitialization procedure shall
begin with step 3 (Td).
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3.4.3 Power-off Sequence

The following sequence shall be used to power off the LPDDR2 device. Unless specified otherwise, these steps are
mandatory and apply to S2, S4 and N devices.

While removing power, CKE shall be held at a logic low level (=< 0.2 x VDDCA), all other inputs shall be between
VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high impedance state while CKE
is held low.

For LPDDR2-N devices, all embedded operations must be finished or aborted and the device must be in the ready
state (Status Register, bit 7 = “1”) prior to Power-off.

DQ, DM, DQS _t, and DQS_c voltage levels must be between VSSQ and VDDQ during power off sequence to avoid
latch-up. CK_t, CK_c, CS_n, and CA input levels must be between VSSCA and VDDCA during power off sequence
to avoid latch-up.

Tx is the point where any power supply decreases under its minimum value specified in the DC operating condition
table, see 7.1.

Tz is the point where all power supplies are below 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (tpopg) shall be less than 2s.

The following conditions apply:

Between Tx and Tz, VDD1 must be greater than VDD2 - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDCA - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDQ - 200 mV.

Between Tx and Tz, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pins may not exceed 100 mV.
For supply and reference voltage operating conditions, see Table 69, Table 70, and Table 71.

NOTE VDD2 is not present in some systems. Rules related to VDD?2 in those cases do not apply.

Table 16 — Timing Parameters Power-Off

Value )
Symbol - Unit Comment
min max

tPOFE - 2 S Maximum Power-Off ramp time

3.4.4 Uncontrolled Power-Off Sequence

The following sequence shall be used to power off the LPDDR2 device under uncontrolled condition. Unless
specified otherwise, these steps are mandatory and apply to S2, S4 and N devices.

Tx is the point where any power supply decreases under its minimum value specified in the DC operating condition
table. After turning off all power supplies, any power supply current capacity must be zero, except for any static
charge remaining in the system.

Tz is the point where all power supply first reaches 300 mV. After Tz, the device is powered off.

The time between Tx and Tz (tporg) shall be less than 2s. The relative level between supply voltages are uncontrolled
during this period.

VDD1 and VDD?2 shall decrease with a slope lower than 0.5 V/usec between Tx and Tz.

Uncontrolled power off sequence can be applied only up to 400 times in the life of the device.
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Table 17 shows the 16 common mode registers for LPDDR2 SDRAM and NVM. Table 18 shows only LPDDR2
SDRAM mode registers and Table 19 shows only LPDDR2 NVM maode registers. Additionally Table 20 shows
RFU mode registers and Reset Command.

Each register is denoted as “R” if it can be read but not written, “W” if it can be written but not read, and “R/W” if it

can be read and written.

Mode Register Read command shall be used to read a register. Mode Register Write command shall be used to write

a register.
Table 17 — Mode Register Assignment in LPDDR2 SDRAM/NVM(Common part)
MA
MR# <7:0> Function Access| OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
. RZQI
0 00y Device Info. R (RFU) - DNVI| DI | DAI | goto MRO
(optional)
1 01y Device Feature 1| W nWR (for AP) wWC | BT BL go to MR1
2 02y Device Feature 2| W (RFU) RL & WL go to MR2
3 03y I/O Config-1 w (RFU) DS go to MR3
SDRAM Refr. R. R TUF (RFU) Refresh Rate
4 04y go to MR4
NVM Temp. Alert R TUF (RFU) NVM Temp. Alert
5 05y Basic Config-1 R LPDDR2 Manufacturer ID go to MR5
6 06H Basic Config-2 R Revision ID1 go to MR6
7 07y Basic Config-3 R Revision ID2 go to MR7
8 08y Basic Config-4 R 1/0 width Density Type go to MR8
9 09y Test Mode W Vendor-Specific Test Mode go to MR9
10 O0AYL IO Calibration W Calibration Code go to MR10
11:15 | 0By~0Fy (reserved) (RFU) go to MR11
Table 18 — Mode Register Assignment in LPDDR2 SDRAM/NVM (SDRAM part)
MA
MR# <7:0> Function access| OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
PASR_Bank (S4) Bank Mask
16 10y go to MR16
PASR_Bank (S2) (RFU) \ PASR
17 114 PASR_Seg Segment Mask (S4 SDRAM only) go to MR17
18-19 | 124-13y4 (Reserved) (RFU) go to MR18
Documents
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

Table 19 — Mode Register Assignment in LPDDR2 SDRAM/NVM (NVM part)

MA
MR# <7:0> Function access| OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
tRCD RB .
14

20 H NVM Geometry R (RFU) De-Rating [Numbe RDB size go to MR20

21 154 NVM tRCD R tRCD Value (2nd order) tRCD Value (1st order) |go to MR21
22-23 | 16417y (Reserved) (RFU) go to MR22

24 18, | Overlay Window | oy (RFU) OWD | OWE | go to MR24

Enable
25 194 OW Base-Addr 1 | R/W OW base-addr 31 (al9 ~ a13) 0
26 1AL OW Base-Addr 2 | R/W OW base-addr 2 (a27 ~ a20) 9o to MR25
OW base-addr 3
1B -

27 H OW Base-Addr 3 | R/W (RFU) (a31 ~ a28)

28 1Cy (Reserved) (RFU) go to MR28

29 1Dy DNV Long Delay R tDNV Value (2nd order) tDNV Value (1st order) |go to MR29
30-31 | 1E4-1Fy4 (Reserved) (RFU) go to MR30

Table 20 — Mode Register Assignment in LPDDR2 SDRAM/NVM
(DQ Calibration and Reset Command)
MA
MR# <7-0> Function access| OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
DQ Calibration L
20 “ "

32 H Pattern A R See “DQ Calibration” on page 131 go to MR32

33:39 | 214~274 (Do Not Use) go to MR33
DQ Calibration . .
28 “ ”

40 H Pattern B R See “DQ Calibration” on page 131 go to MR40
41:47 | 294~2Fy | (Do Not Use) go to MR41
48:62 | 304~3Ey (Reserved) (RFU) go to MR48

63 3Fy Reset w X go to MR63
64:126 | 404~7Ey (Reserved) (RFU) go to MR64

127 TFy (Do Not Use) go to MR127

Reserved for
: 804~BE (
128:190 80y~BEy | | =~ Use) (RFU) go to MR128

191 BFy (Do Not Use) go to MR191

Reserved for
254 COu~FEy | ¢
192:254 COL~FEy | | 0 Use) (RFU) go to MR192
255 FFy (Do Not Use) go to MR255

The following notes apply to Tables 17-20:

NOTE 1 RFU bits shall be set to ‘0’ during Mode Register writes.

NOTE 2 RFU bits shall be read as ‘0’ during Mode Register reads.

NOTE 3 All Mode Registers that are specified as RFU or write-only shall return undefined data when read and DQS t,

DQS_c shall be toggled.

NOTE 4 All Mode Registers that are specified as RFU shall not be written.

NOTE 5 See Vendor Device Datasheets for details on Vendor Specific Mode Registers.

NOTE 6 Writes to read-only registers shall have no impact on the functionality of the device. Docu ments
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)
MRO_Device Information (MA<7:0> = 00y):

oP7 \ OP6 \ OP5 | OP4 \ oP3 | opP2 | opP1 | oPo
RZQI
(optional)

(RFU) DNVI| DI | DA

Og: DAI complete

1g: DAI still in progress
Og: S2 or S4 SDRAM
1g: NVM

DAl (Device Auto-Initialization Status) | Read-only {OPO

DI (Device Information) Read-only |[OP1

0p: DNV not supported
15: DNV supported

00g: RZQ self test not
supported

01g: ZQ-pin may con-
nect to VDDCA or float
o 10g: ZQ-pin may short
RZQI (B_Lult in Self Test for RZQ Read-only |OP4:0P3 |10 GND 3
Information) 11g: ZQ-pin self test
completed, no error
condition detected (ZQ-
pin may not connect to
VDDCA or float nor
short to GND)

DNVI (Data Not Valid Information) | Read-only |OP2 1,2

NOTE 1 LPDDR2 SDRAM will not implement DNV functionality.
NOTE 2 If DNV functionality is not implemented, the device shall not drive the DM/DNV signals.
NOTE 3 RZQI, if supported, will be set upon completion of the MRW ZQ Initialization Calibration command.

NOTE 4 If ZQ is connected to VDDCA to set default calibration, OP[4:3] shall be set to 01. If ZQ is not connected to
VDDCA, either OP[4:3]=01 or OP[4:3]=10 might indicate a ZQ-pin assembly error. It is recommended that the
assembly error is corrected.

NOTE 5 In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 per NOTE 4), the LPDDR?2 device
will default to factory trim settings for RON, and will ignore ZQ calibration commands. In either case, the system
may not function as intended.

NOTE 6 In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a
resistor connection to the ZQ pin. However, this result cannot be used to validate the ZQ resistor value or that the ZQ
resistor tolerance meets the specified limits (i.e., 240-ohm +/-1%).
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MRI1_Device Feature 1 (MA<7:0>=01y):

OW‘CPG‘O%

OP4

oP3 opz\ opl\ OPO

nWR (for AP)

wC

BT

BL

BL

Write-only

OP<2:0>

010g: BL4 (default)

011

100g: BL16

: BL8

All others: reserved

BT

Write-only

OP<3>

Og: Sequential (default)

1g: Interleaved (allowed for SDRAM only)

wcC

Write-only

OP<4>

Og: Wrap (default)

1g: No wrap (allowed for SDRAM BL4 only)

Write-only

OP<7:5>

001g

010g:
011g:
100g:
101p:
110g:

: NWR=3 (default)

nWR=4
nWR=5
nWR=6
nWR=7
nWR=8

All others: reserved

NOTE 1 BL 16, interleaved is not an official combination to be supported.

NOTE 2 Programmed value in nWR register is the number of clock cycles which determines when to start internal

precharge operation for a write burst with AP enabled. It is determined by RU(tWR/tCK).

NOTE 3 BL16 is not supported by LPDDR2-NVM with Row Data Buffer size equal to 32-Byte and Data Bus

Width equal to 32-bit.

NOTE 4 OP7:0P5 are reserved for LPDDR2-NVM.
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)
Table 21 — Burst Sequence by BL, BT, and WC

Burst Cycle Number and Burst Address Sequence
C3|C2|C1|CO0| WC | BT |BL
12 |3|4|56|7/8{9/10/11/12|13|14|15|16
X | X [0g|0g 0|1]2]3
wrap | any
X 15| 0g 412]13|0)1
X | X | X|0g| nw |any y |y+1|y+2|y+3
X |0g|0g |0g 0|1|2]|3|4|5|6|7
X |0g |15 |Og 2|1 3|4|5|6|7(0|1
seq
X |1g | Og | Og 4 |5 |6 |7(0/1|2|3
X |15 |15 |0g 6|70/ 12|3|4|5
wrap 8
X | Og | Og | Og 0|12 |3|4|5|6|7
X |0g |15 |Og . 213|0]1|6|7|4]|5
int
X |1g | Og [Og 4|5|6|7]|0[1]23
X |1g |15 |Og 6| 7|45 |2|3(0]|1
X | X |X|0g| nw |any illegal (not allowed)
0g [0g [0g |0 0|1]2]|3]|4|5/6|7|8/9|A|B|C|D|E|F
0g |0g |15 |0g 213|4|5|6|7|8|/9|A|B|C|D|E|F|0]|1
0g |15 |0g | 0g 4|5|6|7]|8l9|AlB|C|D|E|F|O0|1]|2]3
0g |1 |15 |0g 6| 7|8|9|A|B|CIDIE|F|0|1|2]|3]|4]|5
seq
1g|0g | Og | Og |wrap 689ABCDEF01234567
1
15|0g |15 |0g A|B|C|D|E|F|0|1]|2]|3|4|5|6|7[8]9
15|15 |0g | Og C|D|E|F|0|1|2|3|4|5|6|7|8|9|A|B
15|15 |15 |0g E|F|0|1]|2|3|4|5|6|7|8|9|A|B|C|D
X | X | X |0g int illegal (not allowed)
X | X |X|0g| nw |any illegal (not allowed)

OB~ wWwDN -

. CO input is not present on CA bus. It is implied zero.

. For BL=4, the burst address represents C1 - CO.

. For BL=8, the burst address represents C2 - CO.

. For BL=16, the burst address represents C3 - CO.

. For no-wrap (nw), BL4, the burst shall not cross the page boundary and shall not cross sub-page bound-

ary. The variable y may start at any address with CO equal to 0 and may not start at any address in
Table 22 for the respective density and bus width combinations.
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

Table 22 — LPDDR2-SX Non Wrap Restrictions

64Mb

128Mb/256Mb

512Mb/1Gb/2Gb \

4Gb/6Gb/8Gb

Not across full page boundary

x8 1FE, 1FF, 000, 001 |3FE, 3FF, 000, 001|7FE, 7FF, 000, 001| FFE, FFF, 000, 001
x16 FE, FF, 00, 01 1FE, 1FF, 000, 001 | 3FE, 3FF, 000, 001| 7FE, 7FF, 000, 001
x32 7E, 7F, 00, 01 FE, FF, 00,01 |1FE, 1FF, 000,001 | 3FE, 3FF, 000, 001
Not across sub page boundary
07E, 07F, 080, 081 |OFE, OFF, 100, 101 |1FE, 1FF, 200, 201| 3FE, 3FF, 400, 401
x8 OFE, OFF, 100, 101 |1FE, 1FF, 200, 201 |3FE, 3FF, 400, 401| 7FE, 7FF, 800, 801
17E, 17F, 180, 181 | 2FE, 2FF, 300, 301|5FE, 5FF, 600, 601 | BFE, BFF, C00, C01
x16 7E, 7F, 80, 81 OFE, OFF, 100, 101 | 1FE, 1FF, 200, 201| 3FE, 3FF, 400, 401
x32 None None None None
NOTE 1 Non-wrap BL=4 data-orders shown above are prohibited.
MR2_Device Feature 2 (MA<7:0> = 02y):
OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
(RFU) RL & WL
0001g: RL =3 /WL = 1 (default)
0010g: RL=4/WL =2
0011g: RL=5/WL =2
RL & WL Write-only |OP<3:0> 0100g: RL=6/WL =3
0101g: RL=7/WL=4
0110g: RL=8/WL =4
All others: reserved
MR3_1/O Configuration 1 (MA<7:0> = 03y):
op7 | oP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
(RFU) DS
0000g: reserved
0001g: 34.3-ohm typical
0010g: 40-ohm typical (default)
0011g: 48-ohm typical
DS Write-only |OP<3:0> 0100g: 60-ohm typical
0101g: reserved for 68.6-ohm typical
0110g: 80-ohm typical
01115: 120-ohm typical (optional)
All others: reserved
Documents
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)
MR4_Device Temperature (MA<7:0> = 04y)

oP7 | OP6 \ oP5 \ OP4 \ oP3 | OP2 \ OP1 \ OPO

TUF

(RFU) SDRAM Refresh Rate

TUF

(RFU) NVM Temperature Alert

SDRAM

Refresh Rate

Read-only [OP<2:0>

000g:
001p:
010g:
011p:
100g
1015:
110g:
1115:

SDRAM Low temperature operating limit exceeded

AXReFI, 4X TREFIpD, 4X IREFW

2X tRerI, 2X tREFIph, 2X tREFW

IX treF, 1X tReFipb, 1X tReFw (<=85°C)

Reserved

0.25X trery, 0.25X treFiph, 0.25X trerw, do not de-rate SDRAM AC timing
0.25X trery, 0.25X treFipp, 0.25X trerw, de-rate SDRAM AC timing
SDRAM High temperature operating limit exceeded

NVM

Temperature | Read-only |OP<2:0>

Alert

000g:
001g:
010g:
011g:
100g
101g:
110g:
1115:

NVM Low temperature operating limit exceeded

Reserved

Reserved

Temperature Alert not active, do not de-rate NVM AC timing (<=85°C)
Temperature Alert not active, de-rate NVM AC timing

Temperature Alert active, do not de-rate NVM AC timing

Temperature Alert active, de-rate NVM AC timings

NVM High temperature operating limit exceeded

Temperature

Update
Flag
(TUF)

Read-only | OP<7>

Og: OP<2:0> value has not changed since last read of MR4.
1g: OP<2:0> value has changed since last read of MR4.

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6
NOTE 7

A Mode Register Read from MR4 will reset OP7 to “‘0’.

OPT7 is reset to ‘0’ at power-up. OP<2:0> bits are undefined after power-up.

If OP2 equals “1’, the device temperature is greater than 85°C.
OP7 issetto ‘1’ if OP2:0P0 has changed at any time since the last read of MR4.
LPDDR2 might not operate properly when OP[2:0] = 000g or 111g

For specified operating temperature range and maximum operating temperature refer to Table 72.

LPDDR2-SX devices shall be de-rated by adding 1.875 ns to the following core timing parameters:
tRCD, tRC, tRAS, tRP, and tRRD. tDQSCK shall be de-rated according to the tDQSCK de-rating in Table 103.
Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.

NOTE 8 LPDDR2-NVM devices shall be de-rated by adding the value found at location OP5:0P4 in MR20 to
the following core timing parameters: tRCD, tRC, tRAS, and tRRD. tDQSCK shall be de-rated according to the
tDQSCK de-rating in Table 103. Prevailing clock frequency spec and related setup and hold timings remain

unchanged.

NOTE 9 See 5.12.1 for information on the recommended frequency of reading MR4.
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

MRS_Basic Configuration 1 (MA<7:0> = 05y):

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ oP1 \ OPO
LPDDR2 Manufacturer ID

0000 0000B : Reserved
0000 0001B : Samsung
0000 0010B : Qimonda
0000 0011B : Elpida
0000 0100B : Etron
0000 0101B : Nanya
0000 0110B : Hynix
0000 0111B : Mosel
0000 1000B : Winbond
0000 1001B : ESMT
0000 1010B : Reserved
0000 1011B : Spansion
0000 1100B : SST

0000 1101B : ZMOS
0000 1110B : Intel
1111 1110B : Numonyx
1111 1111B : Micron
All Others : Reserved

LPDDR2 Manufacturer ID Read-only |OP<7:0>

MR6_Basic Configuration 2 (MA<7:0> = 06y):

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ oP1 \ OPO
Revision ID1

Revision ID1 ‘ Read-only ‘OP<7:0> ‘OOOOOOOOB: A-version

NOTE 1 MR6 is Vendor Specific.

MR?7_Basic Configuration 3 (MA<7:0> = 07y):

oP7 \ OP6 \ oP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OPO
Revision ID2

Revision ID2 ‘ Read-only ‘OP<7:O> ‘OOOOOOOOB: A-version

NOTE 1 MR7 is Vendor Specific.
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Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

OP7 OP6

OP5 \ OP4 \ oP3 \ oP2

OP1 \ OPO

I/0 width

Density

Type

00g: S4 SDRAM
0l1g: S2 SDRAM
10g: N NVM
11g: Reserved

Read-only |OP<1:0>

Type

Density

Read-only |OP<5:2>

0000g:
0001g:
0010g:
0011g:
0100g:
0101g:
0110g:
1110g:
0111g:

64Mb
128Mb
256Mb
512Mb
1Gb
2Gb
4Gb
6Gb
8Gh

1000g: 16Gb
1001g: 32Gb

all others: reserved
00g: x32

01p: x16

10g: x8

11g: not used

1/0O width Read-only |OP<7:6>

MR9_Test Mode (MA<7:0> = 09y):

op7 | ope | ops | op4 | oP3 | oP2 | OP1L | OPO
Vendor-specific Test Mode

MR10_Calibration (MA<7:0> = 0Ap):

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ oP1 \ OPO

Calibration Code

OxFF: Calibration command after initialization
O0xAB: Long calibration

OP<7:0>|0x56: Short calibration

0xC3: ZQ Reset

others: Reserved

Calibration

Code Write-only

NOTE 1 Host processor shall not write MR10 with “Reserved” values

NOTE 2 LPDDR?2 devices shall ignore calibration command when a “Reserved” value is written into MR10.

NOTE 3 See AC timing table for the calibration latency.

NOTE 4 If ZQ is connected to Vgsca through Rzq, either the ZQ calibration function (see 5.13.4) or default calibration (through

the ZQreset command) is supported. If ZQ is connected to Vppca, the device operates with default calibration, and ZQ calibration

commands are ignored. In both cases, the ZQ connection shall not change after power is applied to the device.

NOTE 5 LPDDR?2 devices that do not support calibration shall ignore the ZQ Calibration command. Documents
NOTE 6 Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZ.Q {/in conngstion. ment Sharing Hub
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3.5.1

MRI11:15 (Reserved) (MA<7:0> = OBﬂ-O_Fﬂ)_:

MR16_PASR_Bank Mask (MA<7:0> = 010y): S2 and S4 SDRAM only

Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

op7 | ops | ops | op4 | oP3 | oP2 | oP1 | OPO
S2 SDRAM (RFU) PASR
S4 SDRAM Bank Mask (4-bank or 8-bank)
S2 SDRAM:
00g: Full array (default)
01g: 1/2 array - BA1=0 for 4-banks, BA2=0 for 8-banks
PASR Map Write-only |OP<1:0> 10g: 1/4 array - BA1=BA0=0 for 4-banks, BA2=BA1=0 for
8-banks
11g: 1/8 array - Not used for 4-banks, BA2=BA1=BA0=0
for 8-banks
S4 SDRAM:
Og: refresh enable to the bank (=unmasked, default)
Bank <7:0> Mask | Write-only |OP<7:0> 1

1g: refresh blocked (=masked)

1. For 4-bank S4 SDRAM, only OP<3:0> are used.

OP | Bank Mask | 4-Bank S4 SDRAM | 8-Bank S4 SDRAM
0 XXXXXXX1 Bank O Bank 0
1 XXXXXXLX Bank 1 Bank 1
2 XXXXXIXX Bank 2 Bank 2
3 XXXXIXXX Bank 3 Bank 3
4 XXXIXXXX - Bank 4
5 XXIXXXXX - Bank 5
6 XIXXXXXX - Bank 6
7 IXXXXXXX - Bank 7

Full document details: JEDEC JESD209-2F-2013
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

MR17_PASR_Segment Mask (MA<7:0> = Ollﬂ): 1Gb ~8Gb S4 SDRAM only

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OPO
Segment Mask

Segment <7:0> Write-only |OP<7:0> Og: refresh enable to the segment (=unmasked, default)
Mask 1g: refresh blocked (=masked)
2Gb,4Gb
1Gb 6Gb 8Gb
Segment OP Segment Mask | R12:10 R13:11 R14:12
0 0 XXXXXXX1 000g
1 1 XXXXXX1X 001g
2 2 XXXXXIXX 010g
3 3 XXXXIXXX 011p
4 4 XXXIXXXX 1005
5 5 XXIXXXXX 101g
6 6 XIXXXXXX 110g
7 7 IXXXXXXX 111p

NOTE This table indicates the range of row addresses in each masked segment. X is do not care for a particular segment

MR18-19_Reserved (MA<7:0> = 012y - 013):

MR20_NVM Geometry (MA<7:0> = 014y): NVM only

oP7 \ orp6 | ops | opa | opP3 | oP2 \ oP1 \ OPO

tRCD RB .
(RFU) De-Rating Number RDB size

000g: 32B
001g: 64B

010g: 128B
011g: 256B

100g: 512B
101g: 1024B
110g: 2048B
111g: 4096B

Og: 4 Row Buffers

1g: 8 Row Buffers

00g: 0 ns

tRCD De-rating Read-only |OP<5:4> 01g:1.875ns
eac-ony ' 10g: 3.75 ns

11g: 7.5 ns D nts

Document Sharing Hub

RDB Size Read-only |OP<2:0>

RB Number Read-only |OP<3>

(tNVMDERATING)
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3.5.1 Mode Register Assignment and Definition in LPDDR2 SDRAM and NVM (cont’d)

MR21_NVM tRCD (MA<7:0> = 15): NVM only

oP7 \ OP6 \ OP5 \ OP4

oP3 \ oP2 \ oP1 \ OPO

trep Value (2nd order)

trep Value (1st order)

0000g: Ons 0001g: 1ns
0010g: 2ns 0011g: 3ns
0100g: 4ns 0101g: 5ns
trep Value o lopegigs 011081603 0111g: 7ns
S\lst order = value | Read-only JOP<3:0> 1,54 . gng 1001g: 9ns
1010g: 10ns 1011g: 11ns
1100g: 12ns 1101g: 13ns
1110g: 14ns 11115: 15ns
0000g: Ons 0001g: 16ns
0010g: 32ns 0011g: 48ns
0100g: 64ns 0101g: 80ns
trep Value _ 0110g: 96ns 0111g: 112ns
\(/irl‘:e‘)’(rld:;s:) Read-only |OP<7:4> 11 000g: 128ns 1001g: 144ns
1010g: 160ns 1011g: 176ns
1100g: 192ns 1101g: 208ns
1110g: 224ns 11115: 240ns

NOTE 1 trcp value is obtained adding 1st order value to the 2nd order value

MR22:23_(Reserved) (MA<7:0>=16y:17y):
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