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LOW POWER DOUBLE DATA RATE 3 SDRAM (LPDDR3)

From JEDEC Board Ballot JCB-15-12, formulated under the cognizance of the JC-42.6 Subcommittee on Low Power
Memory.)

1 Scope

This document defines the LPDDR3 standard, including features, functionalities, AC and DC characteristics,
packages, and ball/signal assignments. The purpose of this standard is to define the minimum set of requirements for
JEDEC compliant 1 Gb through 32 Gb for x16 and x32 SDRAM devices. This standard was created using aspects of
the following documents: DDR2 (JESD79-2), DDR3 (JESD79-3), LPDDR (JESD209), and LPDDR2 (JESD209-2).
Each aspect of the standard was considered and approved by committee ballot(s). The accumulation of these ballots
was then incorporated to prepare the LPDDR3 standard.
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2 Package ballout & Pin Definition

2.1 POP FBGA Ball-outs
211 216-ball 12 mm x 12 mm, 0.4 mm Pitch Dual-Channel POP FBGA (top view) Using Variation VCCCDB for MO-273

Das2_ta |pas2_c.a
NOTE 1 12x12 mm, 0.4mm pitch, 29 rows
NOTE 2 216 Ball Count

cremete NOTE 3 Top View, Al in Top Left Corner

NOTE 4 See JESD21-C, 3.12.2

o NOTE 5 ODT pin is NOT supported. ODT die pads are connected to Vgg inside the package.

NOTE 6 ZQ a(ZQ_b)is connected to rank 0 DRAM and rank 1 DRAM (if second rank is present) of
channel a (channel b).

Ground

Do Not Use

ce -




2.1.2

216-ball 12 mm x 12 mm, 0.4 mm Pitch Single Channel A POP FBGA (top view) Using Variation VCCCDB for MO-273

Al DNU vss
B Vvss NC
c NC
D| NC

E NC NC
F Vvss NC
G| NC

H NC

J Vvss

K NC

L NC NC
M NC Vvss
N NC

P Vvss Vvss
R NC
T

u NC
\ NC Vvss
w| Ne NC

H

NC

NC

AB| NC

AC]

AD| NC

:

Vvss

NC

NC

AE| NC

Vvss

[Channel

[Power

(Ground

Do Not Use

r4e}

Clock

NC

8 9

Vvss

10

DQs3_c

DQS3_t

1

Vvss

NOTE 1 12x12 mm, 0.4 mm pitch, 29 rows
NOTE 2 216 Ball Count

NOTE 3 Top View, Al in Top Left Corner

DQS1_t

DQS1_c

Vvss

23 2
DQS0_t

Dasoc | vss

NOTE 4 See JESD21-C, 3.12.2 (MO-273, Issue: C, Item: 11-841, Variation: VCCCDB)

NOTE 5 ODT pin is NOT supported. ODT die pads are connected to Vg inside the package

NOTE 6 For Channel using x32 DRAM
- ZQO is connected to rank 0 DRAM and rank 1 DRAM (if present).

-ZQlisNC

NOTE 7 For Channel using x16 DRAM

- ZQO is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).

- ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).

NOTE 8 Consult manufacturer for guidance concerning Single Channel A and Single Channel B ballout support availability.

NC

NC
NC NC

NC

25
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29

Vvss

NC

Vvss

Das2_t

Vvss

Vvss

NC

Vvss

Das2_c

Vvss

NC

NC

NC

Vvss

NC

NC

NC

NC

NC

Vvss

NC
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21.3 216-ball 12 mm x 12 mm, 0.4 mm Pitch Single Channel B POP FBGA (top view) Using Variation VCCCDB for MO-273

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
A DNU Vvss NC NC VSsSs NC NC Vvss NC VSss NC NC vss NC NC NC NC NC NC NC NC NC NC Vvss DNU
B Vvss NC NC NC NC NC NC NC NC Vvss NC NC NC NC Vvss NC NC Vvss NC NC NC Vvss
c
D NC

m
<
3

H
S

F vss NC

e NOTE 1 12x12 mm, 0.4 mm pitch, 29 rows (e c
" NOTE 2 216 Ball Count VsS Ne
Vs NOTE 3 Top View, Al in Top Left Corner -I
| CE=A0 || EEead NOTE 4 See JESD21-C, 3.12.2 (MO-273, Issue: C, Item: 11-841, Variation: VCCCDB) (e c
t (Channel NOTE 5 ODT pin is NOT supported. ODT die pads are connected to Vgg inside the package. Ne Vss
" VoS Fover NOTE 6 For Channel using x32 DRAM

N (Ground - ZQO is connected to rank 0 DRAM and rank 1 DRAM (if present).

P vss Vvss Do Not Use - ZQ] IS NC

R Vref(DQ) za NOTE 7 For Channel using x16 DRAM

T Clock - ZQO is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).

v NG - ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).

v po— NOTE 8 Consult manufacturer for guidance concerning Single Channel A and Single Channel B ballout support availability.

AA| DQSO_t | D@SO_c

AB| Vvss

AC]

AD| D@S1c | DQsi_t

AE| Vvss

AF

AG|

AH| Vvss vss DQS3_t Vvss NC NC Vvss NC NC NC NC NC NC
AJ DNU Vvss Vvss DQS3_c Vvss Vvss NC NC NC Vvss NC NC NC
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21.4 256-ball 14 mm x 14 mm, 0.4 mm Pitch Dual-Channel POP FBGA (top view) Using Variation VEECDB for MO-273

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

VDD2 | DQ30_a DQ28_a DQ27_a DQ24_a DQS3_t_a VDD2 | DQ1i5_a DQ12.a DQ11_a DQ8_a DQSI_ta GDT_a [Vref(DQ)_] DQS0_ca DQ7_a DQ4 a DQ3 a DQ0_a VDD2  [WDNU:

VDD1 | DQ31_a DQ29.a VSS DQ26.a DQ25a VSS DQS3ca DM3a VSS DQi4a DQI3a VSS DQi0.a DQ9a VSS DQSica DMia VSS DMOa DQSOta VSS DQ6a DQ5a VSS DQza DQla VSS DM2a | VDD

VSs  DQ20_a
DQ18.a DQ19_a
DQ16_.a DQ17_a

- -

VDD1 VDD2

NOTE 1 14 mm x 14 mm, 0.4 mm pitch, 34 rows x 34 columns

NOTE 2 256 ball count

NOTE 3 Top View, Al in Top Left Corner

NOTE 4 ODT_A (ODT_B) will be connected to rank 0 of channel A (channel B). The ODT inputs to rank 1 (if 2nd rank is present) will be connected to Vgg in the

VDD2

package.
NOTE 5 For channel A (channel B) using x32 DRAM VDDCA
-ZQ0_A (ZQO_B) is connected to rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).
-ZQ1_A (ZQ1_B)isNC.
NOTE 6 For Channel A (channel B) using x16 DRAM
-ZQ0_A (ZQO_B) is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).
-ZQ1_A (ZQ1_B) is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).

VSS | VDD1 GEUMECUEN CA8a VSS CA6a  VSS UCIOVENGWIEN VSS CKEla CSina CAda VSS CA2a CA0a  VSS

- VDD2 CA9_a [WWDDCA" CA7_a CA5_a [WDDCA VDD2 VDDCA" CKEO_a CSO_n_a CA3_a VDD2 CA1_a [WVDDCA Vvss

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
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2.1.5 256-ball 14 mm x 14 mm, 0.4 mm Pitch Single Channel-A POP FBGA (top view) Using Variation VEECDB for MO-273

2 eS8 <S<cHXTVZErXxcIOTMmMOUO®>

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

DNU VDD2 DQ30 DQ28 DQ27 DQ24 DQsS3_t VDD2 DQ15 DQ12 pQ11 DQ8 DQs1_t VDD2 DQs0_c DQ7 DQO VDD2 DNU

Vvss VDD1 DQ31 DQ29 Vvss DQ26 DQ25 Vvss DQsS3_c DM3 Vvss DQ14 DQ13 Vss DQ10 DQ9 vss DQs1_c DM1 vss DMO DQsS0_t vss DQ6 DQ5 2 Vss DM2 VDD1 Vss

VDD1 DQS2 ¢

NC Vss DQs2_t

NC DQ22 DQ23

DQ21

Vss DQ20

DQ18 DQ19

DQ16 DQ17

Vss

VDD1 VDD2

Vss Vvss

NC VDDCA

NC NC

- =

NC

NOTE 1 14 mm x 14 mm, 0.4mm pitch, 34 rows x 34 columns e

NOTE 2 256 ball count VDDCA
NOTE 3 Top View, Al in Top Left Corner
NOTE 4 ODT will be connected to rank 0. The ODT inputs to rank 1 (if 2nd rank is present) will be connected to Vg in the package.
NOTE 5 Using x32 DRAM
-ZQO is connected to rank 0 DRAM and rank 1 DRAM (if 2nd rank is present). VDDCA
-ZQl1 is NC.
NOTE 6 Using x16 DRAM
-ZQO0 is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present).
-ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present).

NC

VDD2

2o 88858 <S<cHXTVZErXxcIOTMmMOUO®>

Vvss VDD1 RFU CA8 VSss CA6 vss Vref(CA) [ CK_c vss CKE1 CS1_n CA4 vss CA2 CAO vss VDD1 A N

- VDD2 CA9 VDDCA CA7 CAS VDDCA VDD2 CK_t VDDCA CKEO CS0_n CA3 VDD2 CA1 VDDCA Vss VDD2 AP

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
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21.6 168-ball 12 mm x 12 mm, 0.5 mm pitch single channel x32 PoP with optional eeMMC using

Variation VCCBCB for MO-273

DQ31

DQ30 | DQ29 DQ26

pa28 | pa@27

DQ24 | DQS3_t

(3Vor 1.8V
depending VSSmm
on echnology)

(inchudes VDD

x32LPDDR3 DQs

vss

24

AC

LPDDDR3 C MD/Address

LPDDR3ZQ

eMMC ADQ/ICTRL

eMMC VSF

Power

Ground

DQ16

pa1s DQ20

DpQ17 | DQ19 DQ21

DQ22 | DQS2t

DQ23

NOTE 1 body 12mm x 12 mm, 0.5 mm pitch, 23 rows

NOTE 2 168 Ball Count
NOTE 3 Top View, Al in Top Left Corner
NOTE 4 See JESD21-C, 3.12.2 (MO-273)

NOTE 5 ODT pin is NOT supported. ODT die pads are connected to VSS inside the package

NOTE 6 For Channel using x32 DRAM

- 7ZQO0 is connected to rank 0 DRAM and rank 1 DRAM (if present).

-ZQ1is NC
NOTE 7 For Channel using x16 DRAM

- ZQO is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).

- ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).
NOTE 8 For DRAM-only configurations, VSSm balls may be either NC or connected to VSS
NOTE 9 Vendor specific function (VSF) - this terminal should not have any external electrical connections, but it
may have an internal connection. The terminal may be routed to provide accessibility and may be used for general

purpose vendor specific operations.
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2.1.7

NOTE 1

NOTE 4 ODT_A and ODT B will be connected to rank 0. The ODT inputs to rank 1 (if 2nd rank is present) will be connected to VSS in the package.
NOTE 5 Using x32 DRAM, ZQ0_A and ZQO B balls are connected to rank 0 DRAM and rank 1 DRAM (if 2nd rank is present).

A

[}

c

E

£

G

H

J

AB

AC

AD

AE

AF

AG

AH

AK

AL

AM

AN

P

AR

AT

1

2

8

9

10

12

13

14

16

17

18

19

21

23

26

27

28

29

272-ball 15 mm x 15 mm, 0.4 mm pitch, Dual-Channel POP FBGA (top view) Using Variation VFFCDB for MO-273

2

5

8

9

15 mm x 15 mm, 0.4 mm ball pitch
NOTE 2 272 ball count, 36 rows
NOTE 3 Top View, Al in top left corner

10

12

18

14

16

17

18

19

DQ26 Al
0 21 2

DQS3_(
A
2 23 2

2

26

27

28

29

0 31 32 33 3

3 4 5 6 7 31 32 33 34
DNU Vss W DQ31_8} VOD2 | 0Q29 8] DOM3 B DQ26_ B8] VSS |DQ24 8JDQ158 pastc. DQ11_8) VDD2 J0Q10_Bf VOD2 | DQ8 B Vvss DNU
Vss VDD2 | CAB A VSS | CABAL VSS NC VSS JDQ30Bj VSS Vss DQSBS’T VSS JDQ278) VSS J0Q25 Bj VDD2 VSS JoQi4Bf VSS JDQi2Bf VSS VSsS JOMi1Bf VSS | DQIB| VSS NC VSs | CA9 AL VSS JCSON_Al VDD2 vss
CAS A JCKCA NC NC
CKEOA] VssS PNU / NC Vss NC
CKEILAJ CA4A SS NC NC
VDD2 | CA3 A DD1 NC VDD2
CAZ A Vss DD2
CA1LA | CAOA 'DDQ / VDDCA
DQI7AL VSS [CKE/ CS
DQI9_AJDQIBA| M / 0DT
DM2A | ARU' DQ/VREF C
DQSAZ‘C Vss Q/CA
DQ20_A DQ%’T T
VD2 | 0Q23 B
DQIAY VSS VSS |DQ22 B
DQ2A
DQ3A DQ?{)'T‘ DQ20_B
IDQS0_C. vss. vss pQs2_Cf
A B
DQ4_A | DQSA DQ19_8JDQ18.B
DQEA | VSS VSS JDQ17_8]
NC ODTA NC Vm;m'
NC Vss VSss | caoB
VDD2 JCSI_N_H CA1_B | VDD2
NC JCSON_H CA2 B || CA3B
NC Vvss Vss | CKCB
CAS B NC CKED_B| CKE1_B
Vss VDD2 NC Vss NC =. @ NC VSS JDQIA| VSS Vss DOT . VSS JoQi2Aj VSS JDQI4A) VDD2 VSS JDQ25 A VSS |DQ27.AQ VSS DDT’T VSS JDQ28 A VSS JDQ30_AQ VSS CAB B Vss CAB B Vss CA4.B | VDD2 Vss
DNU Vss DQ8_A | VDD2 JDQ10_A| DQ11_A] DQI3A] VSS JDQI5AJDQ24A| DM3_A | VDD2 JDQ29 Af VDD2 J0Q31_A) VSS DNU
4 6

AK

AL

AM

AN

P

AR

AT
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136-ball 10 mm x 10 mm, 0.50 mm pitch POP (esMMC5.0 + LPDDR3) FBGA (top view), Using

Variation xAABCB for MO-273C

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

10 mm x 10 mm, 0.5 mm pitch
136 ball count, 19rows x 19 columns
Top View, Al in Top Left Corner
ODT pin is NOT supported, ODT die pads are connected to VSS inside the package.
ZQ is connected to rank0 and rankl DRAM (if present)
For DRAM-only configurations, VSSm balls may be either NC or connected to VSS.
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2.2 FBGA Package Ball-outs
2.21 253-Ball 0.5 mm Pitch Discrete Dual-Channel FBGA (top view) Using Variation EA for MO-276

Vref(CA)_a

DQ28 b | DQ29b | DQ30b | DQ3I b

DQ24b | DQ25b | DQ26b | DQ27 b

DQI5b | DM3b | DQS3cb | DQS3 tb

DQILb | DQI2b | DQI3b | DQI4b

INOTE1 ODT A (ODT_B) will be connected to rank 0 of channel DMI b DQ8 b DQY b DQI0_b
(channel B). The ODT inputs to rank 1 (if 2nd rank is present) will
be connected to Vg in the package. DQSL c b | DQSI t b
INOTE 2 For channel A (channel B) using x32 DRAM
- ZQO_ A (ZQO_B) is connected to rank 0 DRAM and rank 1 Vref(DQ) b
DRAM (if 2nd rank is present) of channel A (channel B).

Vef(CA)_b - ZQ1_A(ZQ1_B)isNC. .
INOTE 3 For Channel A (channel B) using x16 DRAM

ZQ0_A (ZQO0_B) is connected to Byte 0-1 of rank 0 DRAM
and rank 1 DRAM (if 2nd rank is present) of channel A (chan-
nel B).

ZQ1_A (ZQ1_B) is connected to Byte 2-3 of rank 0 DRAM
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2.2.2 178-Ball Discrete Single-Channel FBGA (top view) Using Variation AA for MO-311

VDDl VDDI

VDDl  VDDI

1 2 3 4

VDDI1

VDDI1

5

VDD1

VDDI

6

VDD1

DQ29  DQ28
NC NC

DQ25 DQ24
NC NC

DQS3_t DQS3 ¢
NC NC

DQ13 DQI2
DQ9  DQS

DQSI t DQSI ¢

DQS0_t DQSO ¢
DQ6  DQ7

DQ2  DQ3
DQS2 t DQS2 ¢
NC NC

DQ22 DQ23
NC NC

DQI18 DQI19
NC NC

VDD1

10 11 12 13

NOTE 1 When using the x16 configuration DQ16 through DQ31 become NC as indicated by the second row of signal names for

those signals in the ball-out diagram.

NOTE 2 0.8 mm pitch (X-axis), 0.65mm pitch (Y-axis), x16/x32, 17 rows

NOTE 3 Top View, Al in Top Left Corner

NOTE 4 See JESD21-C, 3.12.1

NOTE 5 ODT will be connected to rank 0. The ODT input to rank 1 (if 2nd rank is present) will be connected to Vgg in the

package.

NOTE 6 For Channel using x32 DRAM
- ZQO0 is connected to rank 0 DRAM and rank 1 DRAM (if present).

- ZQlisNC

NOTE 7 For Channel using x16 DRAM

- ZQO is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).
- ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).
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2.2.3 346-ball 0.5 mm Pitch Dual-Channel Multi-Chip Package (MCP) FBGA (top view) Using
Variation AP for MO-276

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21

>
z
o
z
o

NC

L Vref(:A)

"] - _b[DQ29_b|DQ30_b

N _b[DQ25_b|DQ26_b

DQS3_c

P Lt Lt _b| DM3_b

R _b|DQ12_b|DQ13_b

T DQ8_b | DQY_b

AB

AC

AD

AE

AF

AG NC NC

AH
AJ

NOTE 1 0.5mm ball pitch, 346 ball count
NOTE 2 Target package sizes : 12mm x 16mm and 14mm x 18mm
NOTE 3 Target package, size depends on Flash density.
NOTE 4 Top view, Al in top left corner
NOTE 5 ODT_A (ODT_B) will be connected to rank 0 of channel A (channel B). The ODT inputs to rank 1 (if 2nd rank is present) will be con-
nected to Vgg in the package.
NOTE 6 For channel A (channel B) using x32 DRAM
- ZQO0_A (ZQ0_B) is connected to rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).
- ZQl_A(ZQl_B)isNC.
NOTE 7 For Channel A (channel B) using x16 DRAM
- ZQO0_A (ZQO_B) is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).
- ZQl_A(ZQ1_B) is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if 2nd rank is present) of channel A (channel B).
NOTE 8 For flash ball-out, “n” ball assignments are used for NAND flash, and “m” ball assignments for e-MMC.
NOTE 9 Vendor specific function (VSF) - this terminal should not have any external electrical connections, but it may have an internal connec-
tion. The terminal may be routed to provide accessability and may be used for general purpose vendor specific operations.
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2.2.4 221-ball 0.5 mm Pitch Multi-Chip Package LPDDR3 x32+eMMC/NAND MCP (top view)
Using Variation EB for MO276

1 2 3 4 5 6 7 8 9 10 1" 12 13 14
DNU | VSF1 | VSSm | VCCQ | DAT6 | CMD |REUDS|VSSm | DATO | DAT5 | VDDI | VSSm | VSF2 | DNU
VSF3 | VSSm | VCC | DAT7 | DAT3 | VCCQ | VSSm | CLK |VCCQ | DAT1 | VSSm | VCC | VCC | VSF4
RST _n|VSSm | VCC | VSSm | DAT2 | VCCQ | VSSm | DAT4 | VSSm | VCCQ | VSSm | VSSm
VSF5 | VSF6 | VSF7 | VSF8 | VSF9 [ VSSm | VCC

C
Vs |

VSS

CKEO |CS1_n

VSS
x

VSS VSS VSS

FE T <SE<CHBIVZErXxXeIONMOOT>

DNU

NOTE 1 0.5mm ball pitch, 221 ball count
NOTE 2 Target package sizes : 11.5mm x 13mm and TBDmm x TBDmm
NOTE 3 Target package, size depends on Flash density.
NOTE 4 Top view, Al in top left corner
NOTE 5 ODT will be connected to rank 0. The ODT input to rank 1 (if 2nd rank is present) will be connected to VSS in the
package.
NOTE 6 For Channel using x32 DRAM
- ZQO is connected to rank 0 DRAM and rank 1 DRAM (if present).
- ZQlisNC
NOTE 7 For Channel using x16 DRAM
- ZQO0 is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).
- ZQ1 is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).
NOTE 8 The flash ball-out is based on eMMC.
NOTE 9 Vendor specific function (VSF) - this terminal should not have any external electrical connections, but it may have an
internal connection. The terminal may be routed to provide accessibility and may be used for general purpose vendor specific
operations.
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2.3 LPDDR3 Pad Sequence
Table 1 — LPDDR3 Pad Sequence

o DQ Pad
Seq Sequence
x32 x16
VSs VSS
[vssT | vesT |
VDD1 VDD1
vDDQ
[vssa | |
DQ31
DQ30
vDDQ
DQ29
DQ28
[vssa | |
DQ27
DQ26
vDDQ
DQ25
DQ24
[Cvssa 1 |
DQS3_t
DQS3_c
vDDQ
DM3
(IR SE | WSSO
DQ15 DQ15
DQ14 DQ14
vDDQ vDDQ
DQ13 DQ13
DQ12 DQ12
(IR SE | WSSO
DQ11 DQ11
DQ10 DQ10
vDDQ vDDQ
zQ DQ9 DQ9
CA9 DQ8 DQ8
DQST_t DQST_t
VDDCA DQS1_c | Dasic
CA7 vDDQ vDDQ
CA6 DM1 DM1
CAS5
[IRVEDQ VDD
I
Vref(CA) oDT oDT
—vss | vss | ves |
VDDCA Vref(DQ) | Vref(DQ)
CK_c
CK_t
vss | ves |
CKE
CSN |
CAd [ VDb | vDbQ |
CA3
CA2 DMO DMO
VDDCA vDDQ vDDQ
[Dasoc | pasooc |
CAT [Dasot | basot |
DQ7 DQ7
DQ6 DQ6
vDDQ vDDQ
DQ5 DQ5
DQ4 DQ4
[IREESE | WSSO
DQ3 DQ3
DQ2 DQ2
vDDQ vDDQ
DQ1 DQ1
DQO DQO
[IREESEN | WSSO
DM2
vDDQ
DQS2_c
DQS2_t
[vssa |
DQ23
DQ22
vDDQ
DQ21
DQ20
[vssa |
DQ19
DQ18
vDDQ
DQ17
DQ16
[vssa T ]
vDDQ
VDD1 VDD1
vssT | vesT |
VSs Vss

NOTE 1 Pads with (*1) are optional.

NOTE 2 Applications are recommended to follow bit/byte assignments. Bit or byte swapping at the application level requires
review of MR and calibration features assigned to specific data bits/bytes.

NOTE 3 CA pads and DQ pads shall be separated on opposite sides of die from top of silicon view.
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2.4 LPDDDR3 Pad Definition and Description

Table 2 — Pad Definition and Description

Name Type Description

CK t,CK ¢ |Input Clock: CK tand 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 Command Truth Table for command code
descriptions. CKE is sampled at the positive Clock edge.

CS n Input Chip Select: CS_n is considered part of the command code. See Command Truth Table for command
code descriptions.

CS_n is sampled at the positive Clock edge.

CAO0 - CA9 Input DDR Command/Address Inputs: Uni-directional command/address bus inputs.

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

DQO - DQI15 |1/0 Data Inputs/Qutput: Bi-directional data bus

(x16)

DQO - DQ31

(x32)

DQSO t, 1/0 Data Strobe (Bi-directional, Differential): The data strobe is bi-directional (used for read and write

DQSO c, data) and differential (DQS _t and DQS_c). It is output with read data and input with write data. DQS _t

DQSI t, is edge-aligned to read data and centered with write data.

DQS1 ¢

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

DQSO _t - on DQ8 - DQI5.

DQS3 t, For x32 DQSO0 _t and DQSO_c correspond to the data on DQO - DQ7, DQS1 tand DQSI1_c to the data

DQSO0 ¢ - on DQS - DQ15, DQS2 tand DQS2 _c to the data on DQ16 - DQ23, DQS3 _t and DQS3_c to the data

DQS3 ¢ on DQ24 - DQ31.

(x32)

DMO-DM1 Input Input Data Mask: DM is the input mask signal for write data. Input data is masked when DM is sampled

(x16) HIGH coincident with that input data during a Write access. DM is sampled on both edges of DQS t.

DMO - DM3 Although DM is for input only, the DM loading shall match the DQ and DQS _t (or DQS_c).

(x32)

For x16 and x32 devices, DMO is the input data mask signal for the data on DQO-7. DM1 is the input
data mask signal for the data on DQS8-15.

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.

ODT Input On-Die Termination: This signal enables and disables termination on the DRAM DQ bus according to
the specified mode register settings.

VbD1 Supply | Core Power Supply 1: Core power supply

Vbp2 Supply | Core Power Supply 2: Core power supply

Vbbpea Supply | Input Receiver Power Supply: Power supply for CA0-9, CKE, CS n, CK t, and CK c input buffers.

Vbpo Supply | I/O Power Supply: Power supply for data input/output buffers.

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 |I/0O Ground: Ground for data input/output buffers

ZQ /0 Reference Pin for Output Drive Strength Calibration

NOTE 1 Data includes DQ and DM.
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3 LPDDRS3 Functional Description

LPDDR3-SDRAM is a high-speed synchronous DRAM device internally configured as an 8-bank memory.
These devices contain the following number of 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
16 Gb has 17,179,869,184 bits
32 Gb has 34,359,738,368 bits

LPDDR3 devices use 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 contains command, address, and bank information. Each command uses
one clock cycle, during which command information is transferred on both the positive and negative edge of the
clock.

These devices also use a double data rate architecture on the DQ pins to achieve high speed operation. The double
data rate architecture is essentially an 8z 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 LPDDR3 SDRAM effectively consists of a
single 8n-bit wide, one clock cycle data transfer at the internal DRAM core and eight corresponding n-bit wide, one-
half-clock-cycle data transfers at the I/O pins.

Read and write accesses to the LPDDR3 SDRAMSs are burst oriented; accesses start at a selected location and
continue for a programmed number of locations in a programmed sequence. 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.

Prior to normal operation, the LPDDR3 SDRAM must be initialized. The following section provides detailed infor-
mation covering device initialization, register definition, command description and device operation.

3.1 LPDDR3 SDRAM Addressing
Table 3 — LPDDR3 SDRAM Addressing

Items 1Gb 2Gb 4Gb 6Gb 8Gb 12Gb 16Gb 32Gb

Number of Banks 8 8 8 8 8 8 8 TBD

Bank Addresses BA(O-BA2 |BAO-BA2| BAO-BA2 | BAO-BA2 | BAO-BA2 | BAO-BA2 | BAO-BA2 TBD
trep(Us)? 7.8 3.9 3.9 3.9 3.9 3.9 3.9 TBD

<16 Row Addresses RO-R12 | RO-R13 | RO-R13 | Rgo.R14% | RO-R14 | Rro-rR144 | RO-R14 TBD
Column Addresses! C0-c9 | co-co | co-cto | co-clo | co-clo | co-cli | co-Cli TBD

<32 Row Addresses RO-R12 | RO-R13 | RO-RI13 | Ro-r14* | RO-R14 | Ro-R14% | RO-R14 TBD
Column Addresses' co-c8 | co-cg | coco | coco | co-co | cocio | co-cio | TBD

NOTE 1 The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.

NOTE 2  tggpy value for all bank refresh is for 7c = -25~85 °C, Tc means Operating Case Temperature. Depending on MR4

settings a refresh multiplier RM applies to the actually required refresh interval tgpppg = RM X trgpy

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).




JEDEC Standard No. 209-3C
Page 17

3.2 Simplified LPDDR3 State Diagram

LPDDR3-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 4, LPDDR3 Command Definitions and Timing Diagrams.
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3.2 Simplified LPDDR3 State Diagram (cont’d)
Power —) Automatic Sequence
Applied ————» Command Sequence
Resetting
MR
Reading Self
Refreshing
» Refreshing
Reading PR, PRA
Active
RD3
Reading
RDA
| |
WRA3 \ RDA3
Writing PR, PRA Reading
with with
Autoprecharge Autoprecharge
A
Precharging s

ACT = Activate PD = Enter Power Down
PR(A) = Precharge (All) PDX = Exit Power Down
WR(A) = Write (with Autoprecharge) SREF = Enter Self Refresh
RD(A) = Read (with Autoprecharge) SREFX = Exit Self Refresh
MRW = Mode Register Write DPD = Enter Deep Power Down

MRR = Mode Register Read

DPDX = Exit Deep Power Down

Reset = Reset is achieved through MRW command REF = Refresh

NOTE 1

Figure 1 — LPDDR3: Simplified Bus Interface State Diagram

In the Idle state, all banks are precharged.
NOTE 2 In the case of MRW to enter CA Training mode or Write Leveling Mode, the state machine will not automatically return

to the Idle state. In these cases an additional MRW command is required to exit either operating mode and return to the Idle state.

See sections “CA Training” or “Write Leveling”.

NOTE 3 Terminated bursts are not allowed. For these state transitions, the burst operation must be completed before the transition

can occur.
NOTE 4 Use caution with this diagram. It is intended 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 are not captured in full detail.
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3.3 Power-up, Initialization, and Power-off

3.3.1 Voltage Ramp and Device Initialization
The following sequence must be used to power up the device. Unless specified otherwise, this procedure is
mandatory.

1. Voltage Ramp: While applying power (after Ta), CKE must be held LOW (< 0.2 x Vppca) and all other inputs
must be between Vi in and Vigmax. The device outputs remain at High-Z while CKE is held LOW.

Following the completion of the voltage ramp (Tb), CKE must be maintained LOW. DQ, DM, DQS t and DQS ¢
voltage levels must be between Vsgq and Vppg during voltage ramp to avoid latchup. CK_t, CK_c, CS_n, and CA
input levels must be between Vggca and Vppca during voltage ramp to avoid latch-up. Voltage ramp power supply
requirements are provided in Table 4.

Table 4 — Voltage Ramp Conditions

After... Applicable Conditions

Ta is reached Vppj must be greater than Vpp,—200 mV

Vbp1 and Vpp, must be greater than Vppcp—200 mV

Vpp1 and Vppy must be greater than Vppop—200 mV

VRer must always be less than all other supply voltages

NOTE 1 Tais the point when any power supply first reaches 300 mV.

NOTE 2 Noted conditions apply between Ta and power-off (controlled or uncontrolled).

NOTE 3 Tb is the point at which all supply and reference voltages are within their defined operating ranges.
NOTE 4 Power ramp duration ;1o (Tb - Ta) must not exceed 20 ms.

NOTE 5 The voltage difference between any of Vgg, Vsgq, and Vggca pins must not exceed 100 mV.

Beginning at Tb, CKE must remain LOW for at least 717, after which CKE can be asserted HIGH. The clock must
be stable at least 715 prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must
observe setup and hold requirements (¢, ;) With respect to the first rising clock edge (as well as to subsequent
falling and rising edges).

If any MRR commands are issued, the clock period must be within the range defined for 7. MRW commands can
be issued at normal clock frequencies as long as all AC timings are met. Some AC parameters (for example, pgsck)
could have relaxed timings (such as fpggckyp,) before the system is appropriately configured. While keeping CKE
HIGH, NOP commands must be issued for at least 13 (Td). The ODT input signal may be in undefined state until
tis before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal shall be statically held at

either LOW or HIGH. The ODT input signal remains static until the power up initialization sequence is finished,
including the expiration of f7gNi-

2. RESET Command: After 3 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 ¢4
while keeping CKE asserted and issuing NOP commands. Only NOP commands are allowed during time #;yr4.

3. MRRs and Device Auto Initialization (DAI) Polling: After 7114 is satisfied (Te), only MRR commands and
power-down entry/exit commands are supported. After Te, CKE can go LOW in alignment with power-down entry
and exit specifications. MRR commands are only valid at this time if the CA bus does not need to be trained. CA
Training may only begin after time Tf. User may issue MRR command to poll the DAI bit which will indicate if
device auto initialization is complete; once DAI bit indicates completion, SDRAM is in idle state. Device will also be
in idle state after t;\T5(max) has expired (whether or not DAI bit has been read by MRR command).As the memory

output buffers are not properly configured by Te, some AC parameters must have relaxed timings before the system is
appropriately configured.

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAI complete), the device is in the idle state (Tf).
DATI status can be determined by issuing the MRR command to MRO. The device sets the DAI bit no later than ¢
after the RESET command. The controller must wait at least #yrs(max) or until the DAI bit is set before proceeding.
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3.31

Voltage Ramp and Device Initialization (cont’d)

4. ZQ Calibration: If CA Training is not required, the MRW initialization calibration (ZQ_CAL) command can be
issued to the memory (MR10) after time Tf. If CA Training is required, the CA Training may begin at time Tf. See
“Mode Register Write - CA Training Mode” on page 66 for the CA Training command. No other CA commands
(other than RESET or NOP) may be issued prior to the completion of CA Training. At the completion of CA Training

(Tf”), the MRW initialization calibration (ZQ_CAL) command can be issued to the memory (MR10).

This command is used to calibrate output impedance over process, voltage, and temperature. In systems where more
than one LPDDR3 device exists on the same bus, the controller must not overlap MRW ZQ CAL commands. The
device is ready for normal operation after /7Nt

5. Normal Operation: After 77qyr (Tg), MRW commands must be used to properly configure the memory (for

example the output buffer drive strength, latencies, etc.). Specifically, MR1, MR2, and MR3 must be set to configure
the memory for the target frequency and memory 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 the LPDDR3 specification.

Ta

Tb

Tc

tinir2

Tf

Tf

t 2
L 17—

)

CKE

LYt D —

tinir1
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* tiscke
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—

s —————™

tinir4

/RESETHH MRR)‘,\—WT;Q“QHHZQC : (MVa

— tzanr

lid
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~———
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NN
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s

Static HIGH or LOW
)L |

)

)

ffion-§—

* Midlevel on CA bus ﬁeans: valid NOP

Figure 2 — Voltage Ramp and Initialization Sequence

NOTE 1

NOTE 2 For #jyt values, see Table 5.

High-Z on the CA bus indicates NOP.

NOTE 3 After RESET command (time Te), Rt is disabled until ODT function is enabled by MRW to MR11 fol-

lowing Tg.
NOTE 4 CA Training is optional.
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3.3 Power-up, Initialization, and Power-off (cont’d)

Table 5 — Initialization Timing Parameters

Value
Parameter Unit Comment
Min Max

tINITO - 20 ms Maximum voltage-ramp time

fNIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp

tNIT2 5 - tCK Minimum stable clock before first CKE HIGH

tNITS 200 - ps Minimum idle time after first CKE assertion

tINIT4 1 - us Minimum idle time after RESET command
toniTs - 10 us Maximum duration of device auto initialization
tzQINIT 1 - us ZQ initial calibration

texp 18 100 ns Clock cycle time during boot

NOTE 1 If DAI bit is not read via MRR, SDRAM will be in idle state after tINIT5(max) has expired.

3.3.1.1 Initialization After RESET (without voltage ramp):

If the RESET command is issued before or after the power-up initialization sequence, the re-initialization procedure

must begin at Td.
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3.3.2 Power-off Sequence
The following procedure is required to power off the device.

While powering off, CKE must be held LOW (< 0.2 x Vppca); all other inputs must be between Vip min and Vigmax-
The device outputs remain at High-Z while CKE is held LOW.

DQ, DM, DQS_t, and DQS_c voltage levels must be between Vggq and Vppq during the power-off sequence to
avoid latch-up. CK_t, CK_c, CS_n, and CA input levels must be between Vggca and Vppca during the power-off
sequence to avoid latch-up.

Tx is the point where any power supply drops below the minimum value specified.

Tz is the point where all power supplies are below 300mV. After Tz, the device is powered off (see Table 1).

Table 6 — Power Supply Conditions

Between... Applicable Conditions
Tx and Tz Vpp1 must be greater than Vpp,—200mV
Tx and Tz Vpp1 must be greater than Vppca—200mV
Tx and Tz Vpp1 must be greater than Vppo—200mV
Tx and Tz Vrer must always be less than all other supply voltages

The voltage difference between any of Vg, Vsgq, and Vggca pins must not exceed 100mV.

3.3.2.1 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, all power supplies must be turned off and
all power-supply current capacity must be at zero, except for any static charge remaining in the system.
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3.3 Power-up, Initialization, and Power-off (cont’d)

After Tz (the point at which all power supplies first reach 300mV), the device must power off. During this period, the
relative 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 7 — Timing Parameters Power-Off

Value
Symbol Unit Comment
min max

'POFF - 2 s Maximum Power-Off ramp time
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3.4 Mode Register Definition
3.41

Mode Register Assignment and Definition in LPDDR3 SDRAM

Table 8 shows the mode registers for LPDDR3 SDRAM. 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. A Mode Register Read
command is used to read a mode register. A Mode Register Write command is used to write a mode register.

Table 8 — Mode Register Assignment in LPDDR3 SDRAM

MR# <1‘\7/[:1;> Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
0 00y Device Info. R RL3 (8\2{[1;3) RFU) (Olljt%()QnIal) (RFU) DAI | go to MRO
1 01y Device Feature 1 W nWR (for AP) (RFU) BL go to MR1
2 02y Device Feature 2 w Xs S\exf:::t (RFU)|nWRE RL & WL go to MR2
3 03y 1/O Config-1 w (RFU) DS go to MR3
4 04y Refresh Rate R TUF (RFU) Refresh Rate go to MR4
5 05y Basic Config-1 R LPDDR3 Manufacturer ID go to MRS
6 06y 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 /O width Density Type go to MRS
9 09y Test Mode W Vendor-Specific Test Mode go to MR9
10 0Ay 10 Calibration W Calibration Code go to MR10
1 0By ODT Feature (RFU) CP’]f)L DQODT | go to MR11
12:15 | 0Cy~0Fy (reserved) (RFU) go to MR12
16 10y PASR_Bank Y PASR Bank Mask go to MR16
17 1y PASR Seg w PASR Segment Mask go to MR17
18-31 | 12y4-1Fy (Reserved) (RFU) go to MR18
32 204 DQP;?lﬁriion R See “DQ Calibration” on page 61 go to MR32
33:39 | 21yg~27 (Do Not Use) go to MR33
40 28y DQPSZiﬂ)mr?;ion R See “DQ Calibration” on page 61 go to MR40
41 29y CA Training 1 W |See “Mode Register Write - CA Training Mode” on page 66 go to MR41
42 2Ag CA Training 2 W [See “Mode Register Write - CA Training Mode” on page 66 go to MR42
43:47 | 2By~2Fy (Do Not Use) go to MR43
48 30y CA Training 3 W |See “Mode Register Write - CA Training Mode” on page 66 go to MR48
49:62 | 31y~3Ey (Reserved) (RFU) go to MR49
63 3Fy Reset w X go to MR63
64:255 | 40y~FFy (Reserved) (RFU) go to MR64

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.
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MRO_Device Information (MA<7:0> = 00y):
OP7 OP6 OP5 | OP4 | OP3 | OP2 | OP1 | OPO
RZQI
RL3 |WL (Set B) Support|(RFU) (optional) (RFU) DAI
DAI Read-only | OP<0> |0g: DAI complete
(Device Auto-Initialization Status) 1g: DAI still in progress
RZQI Read-only |OP<4:3>|00g: RZQ self test not supported 1-4
(Built in Self Test for RZQ 01g: ZQ-pin may connect to Vppca Or
Information) float
10g: ZQ-pin may short to GND
115: ZQ-pin self test completed, no error
condition detected (ZQ-pin may not
connect to Vppca or float nor short to
GND)
WL (Set B) Support Read-only | OP<6> (0g: DRAM does not support WL (Set B) |WL (Set B)
15: DRAM supports WL (SetB) Option
Support
RL3 Option Support Read-only | OP<7> |0g: DRAM does not support RL3 Option
RL=3, n\WR=3, WL=1 Support
15: DRAM supports
RL=3, nWR=3, WL=1
for frequencies < 166

NOTE 1 RZQ)], if supported, will be set upon completion of the MRW ZQ Initialization Calibration command.
NOTE 2 If ZQ is connected to Vppca to set default calibration, OP[4:3] shall be set to 01. If ZQ is not connected to
Vbpca, either OP[4:3]=01 or OP[4:3]=10 might indicate a ZQ-pin assembly error. It is recommended that the assem-

bly error is corrected.

NOTE 3 In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 per Note 4), the LPDDR3 device
will default to factory trim settings for Rgy;, and will ignore ZQ calibration commands. In either case, the system may

not function as intended.

NOTE 4 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-Q +1%).
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MRI1_Device Feature 1 (MA<7:0> = 01y):

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
nWR (for AP) (RFU) BL
. 011p: BL8 (default)
BL Write-only | OP<2:0>
All others: reserved
If "WRE (MR2 OP<4>) = 0:
001g: n"WR=3 (optional)
1005: "WR=6
110g: n"WR=8
1115 "'WR=9
) If "WRE (MR2 OP<4>) = 1:
nWR Write-only | OP<7:5> 0005: "WR=10 (default) 1
0015: nWR=11
0105: "WR=12
1005: nWR=14
1105: nWR=16

All others: reserved

NOTE 1 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).

Table 9 — Burst Sequence

Burst Cycle Number and Burst Address Sequence
C2 | C1|Co0|BL

1 2 3 4 5 6 7 8
Og | Og | Op 0 1 2 3 4 5 6 7
Og | 1g | Op g 2 3 4 5 6 7 0 1
Ig | Og | Og 4 5 6 7 0 1 2 3
Ig | 1s | O 6 7 0 1 2 | 3 | 4|5

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

2. The burst address represents C2 - C0.
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MR2_Device Feature 2 (MA<7:0> = 02y):

OP7 | OP6 | OP5 | OP4 | OP3 \ oP2 \ oP1 \ OP0

WR WL
Lev | Select

(RFU) | n"WRE RL & WL

If OP<6> =0 (WL Set A, default)

00015: RL=3/WL =1 (<166 MHz, optionall)
01005: RL =6/ WL =3 (<400 MHz)

01105: RL =8/ WL =4 (<533 MHz)

0111g: RL=9/ WL =5 (< 600 MHz)

1000g: RL =10/ WL = 6 (£ 667 MHz, default)
10015: RL=11/WL =6 (<733 MHz)

10105: RL =12/ WL =6 (< 800 MHz)

11005: RL =14/ WL = 8 (< 933 MHz)

11105: RL =16/ WL =8 (< 1066 MHz)

RL & WL Write-only |OP<3:0> | All others: reserved

If OP<6> =1 (WL Set B, optional?)

00015: RL=3/WL =1 (<166 MHz, optionall)
01005: RL =6/ WL = 3 (< 400 MHz)

0110p: RL=8/WL =4 (<533 MHz)

0111p: RL =9/ WL = 5 (< 600 MHz)

10005: RL =10/ WL = 8 (< 667 MHz, default)
10015: RL =11/ WL =9 (<733 MHz)

10105: RL = 12/ WL = 9 (< 800 MHz)

11005: RL =14/ WL =11 (£ 933 MHz)
11105: RL =16/ WL =13 (< 1066 MHz)

All others: reserved

WRE Wi v lop<a 0p: enable #WR programming < 9
- <4>

& rite-only 1g: enable "WR programming > 9 (default)
0p: Select WL Set A (default)

1p: Select WL Set B (optionalz)

WL Select Write-only |OP<6>

0Op: disabled (default)

. o <7>
WR Leveling Write-only |OP<7 1g: enabled

NOTE 1 See MRO, OP<7>
NOTE 2 See MRO, OP<6>
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MR3_I/O Configuration 1 (MA<7:0> = 03j):

oP7 \ OP6 \ oP5 \ OP4 | OP3 \ oP2 \ OP1 \ OoP0

(RFU)

DS

DS Write-only

OP<3:0>

00015:
00105:
0011g:
01005:
0110p:
10015:
1010p:
10115:

34.3Q typical pull-down/pull-up

40Q typical pull-down/pull-up (default)

48Q typical pull-down/pull-up

reserved for 60Q typical pull-down/pull-up
reserved for 80Q2 typical pull-down/pull-up
34.3Q typical pull-down, 40Q2 typical pull-up
40Q typical pull-down, 48Q typical pull-up
34.3Q typical pull-down, 48Q typical pull-up

All others: reserved
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MR4_Device Temperature (MA<7:0> = 04y)

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
TUF (RFU) SDRAM Refresh Rate
0005: SDRAM Low temperature operating limit exceeded
001g: RM = 4; tppriv = 4 X tREFI, tREFIMpb = 4 X tREFIpb, (REFWM = 4 X trepw010p:
RM =2; trermv = 2 X tREFL, t(REFIMpb = 2 X tREFIpb, (REFWM = 2 X tREFW
SDRAM 011p: RM = 1 tReFiM = tREFI, REFIMpb = tREFIpb, tREFWM = tREFW(<=85°C)
Refresh Rate, 1005: RM = 0.5; trepv = 0.5 X tRpr, tREFIMpb = 0-5 X tREFIp, tREFWM = 05 X
Refresh Read-only |OP<2:0> |trgpw, do not de-rate SDRAM AC timing
Multlpller IOIB: RM = 025, tREFIM =0.25x tREFI, tREFIMpb =0.25x tREFIpb, tREFWM =0.25x
(RM) trepw, do not de-rate SDRAM AC timing
1103: RM = 0.25, tREFlM =0.25x tREFl, tREFlMpb =0.25x tREFlpb, tREFWM =0.25x
trprw, de-rate SDRAM AC timing
1115: SDRAM High temperature operating limit exceeded
Temperature
Updat 0p: OP<2:0> value has not changed since last read of MR4.
paate Read-only | OP<7> B g'
Flag 1g: OP<2:0> value has changed since last read of MR4.
(TUF)

NOTE 1 A Mode Register Read from MR4 will reset OP7 to ‘0°.

NOTE 2 OP7 is reset to ‘0’ at power-up. OP<2:0> bits are undefined after power-up.

NOTE 3 If OP2 equals ‘1’, the device temperature is greater than 85°C.
NOTE 4 OP7 is setto ‘1’ if OP2:0P0 has changed at any time since the last read of MR4.
NOTE 5 SDRAM might not operate properly when OP[2:0] = 000g or 1115

NOTE 6 For specified operating temperature range and maximum operating temperature refer to Table 31 on

page 88.

NOTE 7 LPDDR3 devices shall be de-rated by adding 1.875 ns to the following core timing parameters: tgcp,
tres tRas tRp and trrp- tpgsck shall be de-rated according to the tpggck de-rating in Table 64 on page 123.

Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.

NOTE 8 See “Temperature Sensor” on page 59 for information on the recommended frequency of reading

MR4.
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

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

oP7 \ OP6 \ OP5 \ OP4 \ OP3 \ oP2 \ OP1 \ OP0

LPDDR3 Manufacturer ID

See JESD-TBD LPDDR3

LPDDR3 Manufacturer ID Read-only | OP<7:0> i
Manufacturer ID encodings

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

oP7 \ OoP6 \ oP5 \ OoP4 \ oP3 \ oP2 \ oP1 \ OP0

Revision ID1

Revision ID1 Read-only | OP<7:0> |00000000g: A-version

NOTE 1 MRG6 is vendor specific.

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

oP7 \ OP6 \ OoP5 \ OoP4 \ oP3 \ or2 \ oP1 \ OP0

Revision ID2

Revision ID2 Read-only | OP<7:0> 000000005: A-version

NOTE 1 MR?7 is vendor specific.
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MRS8_Basic Configuration 4 (MA<7:0> = 08By):

oP7 | oP6 | OP5 \ OoP4 \ oP3 \ or2 | ori \ OP0
I/O width Density Type

113: S8 SDRAM
all others: Reserved
0100g: 1Gb
0101g: 2Gb

0110g: 4Gb

11105: 6Gb
Density Read-only | OP<5:2> |0111p: 8Gb

1101g: 12Gb
10005: 16Gb
1001g: 32Gb

all others: reserved
00p: x32

I/O width Read-only | OP<7:6> |01p:x16

all others: reserved

Type Read-only | OP<I1:0>

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

oP7 \ OP6 \ OoP5 \ OoP4 \ oP3 \ or2 \ oP1 \ OP0

vendor-specific test mode

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

oP7 \ OP6 \ OP5 \ OoP4 \ oP3 \ oP2 \ oP1 \ OP0
Calibration Code

OxFF: Calibration command after initialization

0xAB: Long calibration

Write-only | OP<7:0> |0x56: Short calibration

0xC3: ZQ Reset

others: Reserved

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

NOTE 2 LPDDR3 devices shall ignore calibration command when a “Reserved” value is written into MR 10.

NOTE 3 See AC timing table for the calibration latency.

NOTE 4 If ZQ is connected to Vggca through Rz, either the ZQ calibration function (see “Mode Register Write ZQ

Calibration Command” on page 64) or default calibration (through the ZQRESET command) is supported. If ZQ is
connected to V'ppca., the device operates with default calibration, and ZQ calibration commands are ignored. In both

Calibration
Code

cases, the ZQ connection shall not change after power is applied to the device.
NOTE 5 LPDDR3 devices that do not support calibration shall ignore the ZQ Calibration command.

NOTE 6 Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connec-
tion.
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MR11_ODT Control (MA<7:0> = 0By:

oP7 \ OP6 \ OP5 \ OP4 \ oP3 | or2

OP1 \ OP0

RFU

PD CTL DQ ODT

00g: Disable (Default)
01p: R7q/4 (see Note 1)

ite- <1:0>
DQ ODT Write-only | OP<1:0 10y: Ryo)2
llB: RZQ/I
i 0p: ODT disabled by DRAM during power down (default)
PD Control Write-only |  OP<2>

1g: ODT enabled by DRAM during power down

NOTE 1 Ryz/4 shall be supported for LPDDR3-1866 and LPDDR3-2133 devices. Rzq/4 support is optional for
LPDDR3-1333 and LPDDR3-1600 devices. Consult manufacturer specifications for Rzq/4 support for LPDDR3-
1333 and LPDDR3-1600.

MR12:15_(Reserved) (MA<7:0> = 0CH-0Fy):

MR16_PASR Bank Mask (MA<7:0> = 010y):

oP7 \ OP6 \ OoP5 \ OoP4 \ oP3 \ or2 \ oP1 \ OP0

Bank Mask

) 0Op: refresh enable to the bank (= unmasked, default)
Bank <7:0> Mask | Write-only |OP<7:0> 1: refresh blocked (= masked) 1
OP Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXXI1X Bank 1
2 XXXXX1XX Bank 2
3 XXXX1XXX Bank 3
4 XXX1IXXXX Bank 4
5 XXIXXXXX Bank 5
6 XIXXXXXX Bank 6
7 IXXXXXXX Bank 7
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MR17_PASR_Segment Mask (MA<7:0> = 011y):

oP7 \ OoP6 \ oP5 \ OoP4 \ oP3 \ oP2 \ oP1 \ OP0
Segment Mask

. 0p: refresh enable to the segment (=unmasked, default
Segment <7:0> Write-only |OP<7:0> B g ( )

Mask 1p: refresh blocked (=masked)
S— o S Wl 1Gb 2Gb 4Gb 6Gb2 8Gb | 12Gb> | 16Gb | 32Gb
R12:10 | R13:11 | R13:11 | R14:12 | R14:12 | R14:12 | R14:12 TBD
0 0 XXXXXXX1 0005
1 1 XXXXXX1X 001y
2 2 XXXXX1XX 010g
3 3 XXXXIXXX 011
4 4 XXX1XXXX 1005
5 5 XXIXXXXX 101
6 6 XIXXXXXX 1104
7 7 IXXXXXXX 111

NOTE 1 This table indicates the range of row addresses in each masked segment. X is do not care for a particular
segment.

NOTE 2 No memory present at addresses with R13=R14=HIGH. Segment masks 6 and 7 are ignored.

MR18-31_Reserved (MA<7:0>= 012y - 01Fy):

MR32_DQ Calibration Pattern A (MA<7:0>=20y):

Reads to MR32 return DQ Calibration Pattern “A”. See “DQ Calibration” on page 61.

MR33:39 (Do Not Use) (MA<7:0> = 21ﬂ-2_7ﬂ)_:

MR40_DQ Calibration Pattern B (MA<7:0> = 28}):

Reads to MR40 return DQ Calibration Pattern “B”. See “DQ Calibration” on page 61.

MR41_CA Training_1 (MA<7:0>=29y):

Writes to MR41 enables CA Training. See Mode Register Write - CA Training Mode on page 66

MR42_CA Training_2 (MA<7:0> = 2Ap):
Writes to MR42 exits CA Training. See Mode Register Write - CA Training Mode on page 66.

MR43:47_(Do Not Use) (MA<7:0> = 2By-2Fy):
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MR48_CA_Training_3 (MA<7:0> = 30y):

Writes to MR48 enables CA Training. See Mode Register Write - CA Training Mode on page 66.

MR49:62_(Reserved) (MA<7:0>=31y-3Ey:

MR63_Reset (MA<7:0> = 3Fy): MRW only

oP7 \ OP6 \ oPs \ oP4 \ oP3 \ orP2 \ oP1 \ OPO

X or 0xFC!

NOTE 1 For additonal information on MRW RESET see “Mode Register Write” on page 62.

MR64:255_(Reserved) (MA<7:0> = 40y4-FFp):
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4 LPDDR3 Command Definitions and Timing Diagrams

4.1 Activate Command

The ACTIVATE command is issued by holding CS n LOW, CA0 LOW, and CA1 HIGH at the rising edge of the
clock. The bank addresses BAO to BA2 are used to select the desired bank. Row addresses are used to determine
which row to activate in the selected bank. The ACTIVATE command must be applied before any READ or WRITE
operation can be executed. The device can accept a READ or WRITE command at gy after the ACTIVATE

command is issued. After a bank has been activated it must be precharged before another ACTIVATE command can
be applied to the same bank. The bank active and precharge times are defined as g o and fgp, respectively. The

minimum time interval between successive ACTIVATE commands to the same bank is determined by the RAS cycle
time of the device (fg¢). The minimum time interval between ACTIVATE commands to different banks is tgrp (see

Figure 1).

Y v Al - Al - Y [V 1~ Al |~ Al I\ Y I\~ -

oo SV OO0,
w — - - - - w - - -
[ l (. (. [ . [

Bank A Bank B Bank A | BankA Bank A
CA0-9 Row Addr |\ Row Addr Row Addr [\ Row Addr |\ Col Addr /\ Col Ade Row Ad \ Row Addr

| troo | I |

I
| | treo | | |
o 1 L [

[Cmd] ‘< Activate >'< Nop >< Activate >'< Read > -- -<Precharge>-< Nop Nop >'< Activate >
T | ' |
|
i

|
Reald Begins

I
[
| Il
| I

[ [ | [ T [ [ | I [ I [

< — L —t > | |
tRC

| | T | T T T | | ] T |

Figure 3 — ACTIVATE Command

3. A PRECHARGE-all command uses fgpyy, timing, while a single-bank PRECHARGE command uses fgpy, timing.
In this figure, tzp is used to denote either an all-bank PRECHARGE or a single-bank PRECHARGE.

41.1 8-Bank Device Operation

Certain restrictions on operation of the 8-bank LPDDR3 devices must be observed. There are two rules: One rule
restricts the number of sequential ACTIVATE commands that can be issued; the other provides more time for RAS
precharge for a PRECHARGE ALL command. The rules are as follows:

The 8-Bank Device Sequential Bank Activation Restriction: No more than 4 banks may be activated (or refreshed,
in the case of REFpb) in a rolling fpayw window. The number of clocks in a fpayw period is dependent upon the clock

frequency, which may vary. If the clock frequency is not changed over this period, converting to clocks is done by
dividing tpaw[ns] by tck[ns], and rounding up to the next integer value. As an example of the rolling window, if

RU(#paw/tck) 1s 10 clocks, and an ACTIVATE command is issued in clock 7, no more than three further ACTIVATE

commands can be issued at or between clock #» + 1 and n + 9. REFpb also counts as bank activation for purposes of
traw- If the clock frequency is changed during the tpaw period, the rolling fpaw window may be calculated in clock

cycles by adding up the time spent in each clock period. The sy requirement is met when the previous n clock
cycles exceeds the fpay time.

The 8-Bank Device Precharge-All Allowance: tgp for a PRECHRGE ALL command must equal tgp,},, Which is
greater than fgppy,.
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4.1 Activate Command (cont’d)

Tn Tn+1
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CA0-9

[Cmd] ACT
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Figure 4 — LPDDR3 tpaw Timing

4.2 LPDDR3 Command Input Signal Timing Definition

S v — &
. .

tISCS tIHCS f|scs| tIHCS

I

I

I

I I ! I !

| I V. |
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I
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tIESCA i tIHCE;A fisca fiHca

. . | j . !
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CAO 9 éRI%% Fall rRiseé@ Fall %Rlse _Fallz Rise% Fall 2
| ' | '
[Cmd] < Nop ><Command>< Nop >—<Command>—
| Z | l I !

[] HIGH or LOW (but a defined Iogic level)

NOTE Setup and hold conditions also apply to the CKE pin. See section related to power down for timing
diagrams related to the CKE pin.

Figure 5 — LPDDR3: Command Input Setup and Hold Timing
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4.21 LPDDR3 CKE Input Setup and Hold Timing

T0 T1

[] HIGH or LOW (but a defined logic level)

NOTE 1: After CKE is registered LOW, CKE signal level shall be maintained below V' kg for kg specifica-
tion (LOW pulse width).
NOTE 2:  After CKE is registered HIGH, CKE signal level shall be maintained above Vyckg for fckg specifi-

cation (HIGH pulse width).
Figure 6 — LPDDR3: Command Input Setup and Hold Timing

4.3 Read and Write access modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting CS_n LOW,
CAO HIGH, and CA1 LOW at the rising edge of the clock. CA2 must also be defined at this time to determine
whether the access cycle is a read operation (CA2 HIGH) or a write operation (CA2 LOW).

The LPDDR3 SDRAM provides a fast column access operation. A single Read or Write Command will initiate a
burst read or write operation on successive clock cycles. Burst interrupts are not allowed.
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4.4 Burst Read Operation

The burst READ command is initiated with CS_n LOW, CA0 HIGH, CA1 LOW, and CA2 HIGH at the rising edge
of the clock. The command address bus inputs CA5Sr—CA6r and CA1f~CA9f determine the starting column address
for the burst. The read latency (RL) is defined from the rising edge of the clock on which the READ command is
issued to the rising edge of the clock from which the fpgck delay is measured. The first valid data is available RL x
fck T IpQsck T IpQsq after the rising edge of the clock when the READ command is issued. The data strobe output is

driven LOW 'RPRE before the first valid rising strobe edge. The first bit of the burst is synchronized with the first
rising edge of the data strobe. Each subsequent data-out appears on each DQ pin, edge-aligned with the data strobe.
The RL is programmed in the mode registers. Pin timings for the data strobe are measured relative to the crosspoint of

DQS _tand its complement, DQS c.

RL RL + BL/2
-/ - JR— S -——- R S R
Co A o L L
N - = ~_ = - —_- - - - — 4 | U | W —— A —— L
I
tbasck R < HZ(Das) .
47 N L
f {RPRE trpsT
zpas) | > 4
\ s - - - - - = i) r =" r =" r — A : — '_<
Bir Wi
faH foH
fbasamaxg, [€ Y 4_' D asamax
DQ 5 1 el
» &
P N < tzpq) >

tLz(pq)

I:I Transitioning data

Figure 7 — Read Output Timing
NOTE 1  ipqgsck can span multiple clock periods.
NOTE 2 An effective burst length of § is shown.
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4.4 Burst Read Operation (cont’d)

T0 TI T
e Ty T
CK_t C 2\ AT
}4 | RL=12 | |
| | | | |
Bank A
CA[9:0]< Col Addr >< Col Addr >< >< x ><

. iusseEeEsEeREEE
ovo {_reao H won Yoo )| ) oo ) mem ) mem H e H e )

T12 Ta-1 Ta Ta+1 Ta+2 Ta+3 Ta+4

I I
| |
| |
L 1 r
DQS_t
X |
out out t out D, t Dout
o0 %@o% mﬁ\ : %)(l)@ 3 W
I T

|:| Transmonmg data

v}
e}
@
O
=

Figure 8 — Burst Read: RL =12, BL = 8, fpgsck > fck

CK ¢
CK_t

Bank A
CA[9:0] <00|Addr><Co|Addr >< ><
CMD { READ >< Nop

DQS_c
DQS_t

| |
L L \ ) | |
DQ out Dout Dout)\// Dout\\/{ Pout\\// Dout
A2 A4 A5 A6 A7
| | | 1 T

|:] Transmonlng data

Figure 9 — Burst Read: RL =12, BL = 8, tpqsck < fcK
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4.4 Burst Read Operation (cont’d)

Tn Tn+1  Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

MWHﬂﬂﬂﬂﬂﬂﬂTﬂﬂﬂﬂﬂﬂﬂﬂﬂ

[Cmd] '(Readx Nop >( Nop >< Nop X Nop >< Nop X Nop >< Nop X Nop)’
pasc | ol bl L e
past LTy T d v T T T o T Tl il
DQs S Y Y O Y B N N B

|
\| 32msma><|mum: | |
T

tDQSCKDL = | tbasckn — tbasckm |

Figure 10 — LPDDR3: tpqgckpL timing
NOTE 1 #pgscKDLmax 18 defined as the maximum of ABS(fpgsckn - posckm) for any {fposckn
JpQsckm/ Ppair within any 32ms rolling window.

Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8

m Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

1.6us maximum

| |
I [ T -
tDQSCKDM = tDQSCKn - tDQSCKm |

Figure 11 — LPDDR3: tDQSCKDM timing
NOTE 1 fpgsckpMmax 18 defined as the maximum of ABS(fpqgsckn - fpgsckm) for any
{tpQsckn-fDQSckm/ Pair within any 1.6us rolling window.

Tn Tn+t+1  Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

CK_UCK ¢ H _\H —\H 1H 1” WH —\Z—\I\r TH 1{* H WH _‘H —\H 1“ —\Z—\I\r —\H _‘H WZ—_X

| | | | | . | .
tDQSCKDS = tDQSCKn - tbasckm |

CAO0-9

[Cmd] '< Read >< Nop x Nop >< Nop X Nop >< Nop X Nop X Nop >< Nop >
[ I N A —— ' =

DQS_c . . . . .

past LT 'RL'=5| : ' :

pas AT W

Figure 12 — LPDDR3: tpqsckps timing
NOTE 1 fpgsckDsmax is defined as the maximum of ABS(fpgsckn - fpgsckm) for any {fposckn
JfpQsckm/ pair for reads within a consecutive burst within any 160ns rolling window.
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4.4 Burst Read Operation (cont’d)

To T T, Ty Ta-1 Ta Tart Tarp Tz Towg Taws  Tare
Uonten A Vs T A A

_l
WL = 6
IIIII DDEX:)C](:X:)D
NOP >C }‘ WRITE NOP >< NOP x NOP x NOP >~< NOP NOP NOP

CA[0-9] [ ...

[Cmd] NOP NOP

! \ | I [ . !DQSCK. : | : . | . :
DQS_t / S R W S |

tDoslémm ! '

'
I':_\ 7

DQ

|:| Transitioning data

Figure 13 — Burst Read Followed By Burst Write:

The minimum time from the burst READ command to the burst WRITE command is defined by the read latency
(RL) and the burst length (BL). Minimum READ-to-WRITE latency is RL + RU(pgsckmaxy/fck) + BL/2 +1- WL

clock cycles.

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T10 T11  T12 T13 T14 T15
U U e [ VA Ve VT e 'V e Y A T VN

I f 1+ teem=4 ' ' ' L ' ' 1tecp=4 0 ! ' ' '

! Lo [ ! L f [E— S - — - — — — — — N — [ -
=4 r S\ Nrbt -8 ar ar '\ r ‘ar At '~ At Aar! A A

[Cmd]—( READ K NOP M NOP K NOP H READ M NOP K NOP K NOP K READ M NOP K NOP K NOP M READ X NOP K NOP K N
N

[ ] Transitioning data

Figure 14 — Seamless Burst Read:

The seamless burst READ operation is supported by enabling a READ command at every fourth clock cycle for BL =
8 operation. This operation is supported as long as the banks are activated, whether the accesses read the same or
different banks.
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4.5 Burst Write Operation

The burst WRITE command is initiated with CS_n LOW, CA0 HIGH, CA1 LOW, and CA2 LOW at the rising edge
of the clock. The command address bus inputs, CASr—CA6r and CA1f—CA9f, determine the starting column address
for the burst. Write latency (WL) is defined from the rising edge of the clock on which the WRITE command is

issued to the rising edge of the clock from which the fpgg delay is measured. The first valid data must be driven WL

x fck T Ipgss from the rising edge of the clock from which the WRITE command is issued. The data strobe signal
(DQS) must be driven for time typrg as shown in Figure 17 on page 43 prior to data input. The burst cycle data bits
must be applied to the DQ pins tpg prior to the associated edge of the DQS and held valid until #py after that edge.

Burst data is sampled on successive edges of the DQS until the 8-bit burst length is completed. After a burst WRITE
operation, tyg must be satisfied before a PRECHARGE command to the same bank can be issued. Pin input timings

are measured relative to the crosspoint of DQS t and its complement, DQS c.

fbasL fbasH L tbasL _
DQS_C /T T N/ N|/ T T XN/ ANl /™ ™
DQS_t %r__’\—L__JiL__J‘ /
twpRE " fwpsT |
DQ
DM
Figure 15 — Data input (write) timing
TO Ta Ta+1 Ta+5 Tx Tx+1
! Nalliiat Nl - il oA ot '
CK_t/CK_c ] ! \ ;
(IR v

| S |- AU . | S

i | | |

————> ! . ! ' . . ' - : . :
CA0-9 <CBoa\Td§rXCoI Addr>< >< >< >< >/ :X >< :X o >< >< :XRm\:erRowAder >< >
[Cmd] { Write >< Nop >< Nop > >< :><Precharge>< N :>< Actlvate Nop >

Case 1: with tD?SS (ma:x)

. 4 4
f DSS, DSS ‘Completi fB t Wit ! .
| DC:,)SSmax | @'/ 0mpe1> 1on O urs W|r| e I I | :
bas ¢ 20N
DQS t : C : Co ) . . . .
DQs %DIN% DINA, ‘] DINA; % DN A, %

Case 2: with ch1$s (min:) |

. | |
L |tDSH tDSH [
|

L
N/

l— _\

DQS_c
DQS_t

: \_ | —
DQs %@D\N%%DWM%DM W

F|gure 16 — LPDDR3 Burst Write



JEDEC Standard No. 209-3C
Page 43

4.5.1 typreCalculation
The method for calculating ¢ypgrg is shown in the following figure:

CK_t#

DQS t-DQS c

Resulting differential signal
relevant for 7., specification

Figure 17 — Method for Calculating tyyprg Transitions and Endpoints

452 typst Calculation
The method for calculating tywpgt is shown in the follwing figure:

CK ¢ ii---~

t\\’PST .
==V - -

DQSt-DQS c—————H—-———~—

T1
typsT begins

Resulting differential
signal relvant for fypgr
specification

T2
lypst €nds

T

Figure 18 — Method for Calculating typst Transitions and Endpoints
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4.5 Burst Write Operation (cont’d)

TO Tx Tx+1 Ty Ty+1 Ty+2 Ty+3 Ty+4
! ! it - . ' ' :

il et

CK_t/CK_c

S S | S—

CA0-9 <CE\aAnbd’fAXColAddrA>< | >< >< | >< >[
[Cmd] < Writel >< Nopl >< Nopl ><
T . ;
' ‘ : | : | : | ' I

s 7200 L

DQS_t o ! AW !

DQs %Dw%%w&% :%D\N&W
. : | .

OO

WTR

Figure 19 — LPDDR3: Burst Write Followed By Burst Read

NOTE 1 The minimum number of clock cycles from the burst write command to the burst read command for any bank
is [WL +1+BL/2+ RU( tWTR/tCK)]'

NOTE 2  tyg starts at the rising edge of the clock after the last valid input datum.

T10
A

T6 T7 T8 T9
o it it el et it !
CK_t/CK C/ ] !
\ _ \ /\_ _/.\ e J| \_ o |\_ ! |\_ - l\_ - I\_ -

WL =4

caoo <Csf:sdmxc°.m{ ) Xcs.a:sxaxm.mdmx T e )
[Cmd] < Write- >< Nop: >< IWrite: >< Nop: >< Nop: >< >< Write >< Nop: >< INop: >

T <
| tccp =4
| !

DQS _c
DQS_t

DQs

Flgure 20 — LPDDR3 Seamless burst wrlte WL 4 tCCD = 4

NOTE 1: The seamless burst write operation is supported by enabling a write command every four clocks for
BL = 8 operation. This operation is allowed for any activated bank.
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4.6 Write Data Mask

On LPDDR3 devices, one write data mask (DM) pin for each data byte (DQ) is supported, consistent with the
implementation on LPDDR2 SDRAM. Each DM can mask its respective DQ for any given cycle of the burst. Data
mask timings match data bit timing, but are inputs only. Internal data-mask loading is identical to data-bit loading to
ensure matched system timing. For data mask timing, see Figure 1.

DQS_c w -—— = _———— -
DQS_t ~ ~ - — — —
0 W QX >QAN

DM Viao) | Viu(eo) Vig@e) | Vin(do)
Vi (ac) V,(dc) Vi (ac) V,(dc)
<—>|<—> <> |<—>
tDS tDH tDS tDH

CK_c
CK_t /'

[CMD]

Case 1: min toass
DQS_c

<
A N/ A /A XY
—

=X SEEEEEEEEEM
- \ "

Case 2: max ftoass tDQSSriax .
DM | \ /—\

Figure 21 — Data Mask Timing
NOTE 1 For the data mask function, BL = 8 is shown; the second data bit is masked.

4.7 Precharge Operation

The PRECHARGE command is used to precharge or close a bank that has been activated. The PRECHARGE
command is initiated with CS_n LOW, CA0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising edge of the
clock. The PRECHARGE command can be used to precharge each bank independently or all banks simultaneously.
The AB flag and the bank address bits BAO, BA1, and BA2 are used to determine which bank(s) to precharge. The
precharged bank(s) will be available for subsequent row access fgp,y, after an all-bank PRECHARGE command is

issued, or fgppy, after a single-bank PRECHARGE command is issued.

To ensure that LPDDR3 devices can meet the instantaneous current demand required to operate, the row-precharge
time for an all-bank PRECHARGE (#gp,;,) Will be longer than the row PRECHARGE time for a single-bank
PRECHARGE (#gppp). Activate to Precharge timing is shown in Figure 4.1 on page 35.
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4.7 Precharge Operation (cont’d)

Table 10 — Bank selection for Precharge by address bits

AB (CAd4r) BA2 (CAYr) BA1 (CA8r) | BAO (CAT7r) Precharged Bank(s)

0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 | 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 | 0 Bank 6 only
0 1 | | Bank 7 only
1 DON’T CARE | DON’T CARE | DON’T CARE All Banks

4.7.1 Burst Read operation followed by Precharge
For the earliest possible precharge, the PRECHARGE command can be issued BL/2 clock cycles after a READ
command. A new bank ACTIVATE command can be issued to the same bank after the row PRECHARGE time (fgp)

has elapsed. A PRECHARGE command cannot be issued until after #g 5 is satisfied. The minimum READ-to-

PRECHARGE time must also satisfy a minimum analog time from the rising clock edge that initiates the last 8-bit
prefetch of a READ command. fpp begins BL/2 - 4 clock cycles after the READ command. For LPDDR3 READ-to-

PRECHARGE timings see Table 11 on page 49.

TO T1 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5

\ (2 e |I_ A

CK_t/CK ¢ |
(. 1 [ —h

e i o e e e e I e
CAO0-9 <C§IaAnld(d’fAXCol AddrAX X: >< X X X >< X >< RE)?I;dN(‘irX Row Ader >< >< X >
[Cmd] *< Readl >< Nop \ Nop | ><Prechargle>'< Nop >‘< >’< Activate >< Nop | >< Nop | >

| i — . | ! | ! | tep ! | , . | : | :
| : | : | : r R | N l o | oA

besc Ny T :/ |\ :/ |\ :/ X :/ |X

DQS_t | ! | ! | :\ : e |J o r : A u :

DQs i ; | ; | I : gDOUTAU%DOUTAW%DOUTAQ%DOUT&%DOUTN%DOUW%DOUW%DGUT&E—‘i
I | | | T T

Figure 22 — LPDDR3: Burst Read Followed by Precharge
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4.7.2 Burst Write followed by Precharge
For WRITE cycles, a WRITE recovery time (tyg) must be provided before a PRECHARGE command can be issued.

This delay is referenced from the last valid burst input data to the completion of the burst WRITE. A PRECHARGE
command must not be issued prior to the #tyg delay. For LPDDR3 Write-to-Precharge timings see Table 11 on

page 49.

LPDDR3 devices write data to the array in prefetch multiples(prefetch = 8). An internal WRITE operation can only
begin after a prefetch group has been completely latched, so fyp starts at prefetch boundaries. The minimum
WRITE-to-PRECHARGE time for commands to the same bank is WL + BL/2 + 1 + RU(twr/fck) clock cycles.

Tx+1 Tx+4 Tx+5 Ty
' - e
CK_t/CK cx K ‘/_\X\_/i
\_ —h | - | _h
we . | I .
! ! I ' L ' L ' ! '
B kA >< Bank A >< Bank A
CA0-9 Coallddr Col Addr >< >< >< Xi ]( : >< >< RowAderRowAder >< >
[Cmd] —< Write Nop >< }<Precharge>{ N{> K Activate >—< Nop >

Case 1: with tpqgs (max)

DQS_c
DQS_t

DQs

Case 2: with tpqgs (min)

DQS_c
DQS_t U

DQs

Figure 23 — LPDDR3: Burst Write Followed by Precharge

4.7.3 Auto Precharge operation

Before a new row can be opened in an active bank, the active bank must be precharged using either the
PRECHARGE command or the auto precharge function. When a READ or a WRITE command is issued to the
device, the AP bit (CAOf) can be set to enable the active bank to automatically begin precharge at the earliest possible
moment during the burst READ or WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, then normal READ or WRITE burst operation is
executed and the bank remains active at the completion of the burst.

If AP is HIGH when the READ or WRITE command is issued, the auto precharge function is engaged. This feature
enables the PRECHARGE operation to be partially or completely hidden during burst READ cycles (dependent upon
READ or WRITE latency) thus improving system performance for random data access.
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4.7.3.1 Burst Read with Auto-Precharge

If AP (CAOf) is HIGH when a READ command is issued, the READ with auto-precharge function is engaged.
LPDDR3 devices start an auto-precharge operation on the rising edge of the clock BL/2 or BL/2 - 4 + RU(¢grp/tck)
clock cycles later than the READ with auto precharge command, whichever is greater. For LPDDR3 auto-precharge
calculations see Table 11 on page 49. Following an auto-precharge operation, an ACTIVATE command can be issued
to the same bank if the following two conditions are satisfied simultaneously:

a) The RAS precharge time (fgp) has been satisfied from the clock at which the auto- precharge begins.

b) The RAS cycle time (fg¢) from the previous bank activation has been satisfied.

TO T1 Tx Tx+1 Tx+2 Tx+3

Tx+4 Tx+5
| | ) :

\ it -
CK_t/CK ¢ m
Y )
| o RL .

o @R Xl L LT B

X
[Cmd] *< Readl >< Nop‘ ><i Nop. >< Nop. >< Nopl >< Nopl >< Nop‘ ><Activate >‘< Nop. >

: | e ! Z . Z _ >trepy I . L ! | Z
st ———— = T T T S
DQS_t ' . ' . . : : i : : .

N T el e e
DQs i : i ' i . i . @DOUTAO%@DOUTA1%DOUTAQ%DOUTA3%DOUT&%DOUTAS%DOUW%DOUTA%—'7:

I | | | . [ . i . [ ) ) | .

Figure 24 — Burst Read with Auto Precharge

4.7.3.2 Burst write with Auto-Precharge

If AP (CAO0f) is HIGH when a WRITE command is issued, the WRITE with auto precharge function is engaged. The
device starts an auto precharge on the rising edge #ypg cycles after the completion of the burst WRITE.

Following a WRITE with auto precharge, an ACTIVATE command can be issued to the same bank if the following
two conditions are met:

The RAS precharge time (fgp) has been satisfied from the clock at which the auto-precharge begins.

The RAS cycle time (fg¢) from the previous bank activation has been satisfied.

TO Tx Tx+1 Tx+5 Tz Tz+1
| e e N/ it " oA el I
CK t/CK cf | A S T \
Y I N v v v

| WL | ' | tWR :

Col Addr

! 1
Bank A
Row Addr /\ Row Addr
K Activate>< Nop >

Bank A
CA0-9 < >< Col Add

\
[Cmd] { wite

e (17

DQS_c ~ | o \(
DQS_t » L - ;
DQs % DINAy % DINA; || DINA; % DINA; W \
. : | : | ; f . T

Figure 25 — Burst Write with Auto Precharge
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4.7.3 Auto-Precharge (cont’d)
Table 11 — Precharge & Auto Precharge clarification
From Minimum Delay between .
Command LD E LT “From Command” to “To Command” Unit| Notes
Read Precharge (to same Bank as Read) BL/2 + max(4, RU(frp/tck)) - 4 clks 1
Precharge All BL/2 + max(4, RU(tgp/tck)) - 4 clks 1
Precharge (to same Bank as Read w/AP) BL/2 + max(4, RU(tgrp/tck)) - 4 clks | 1,2
Precharge All BL/2 + max(4, RU(tgTp/tck)) - 4 clks 1
Activate (to same Bank as Read w/AP) + RU(tRppy/fck) clks
Read w/AP Write or Write w/AP (same bank) [llegal clks 3
. . . RL + BL/2
Write or Write w/AP (different bank) + RU(Ipgsckmax/ick) - WL + 1 clks 3
Read or Read w/AP (same bank) Illegal clks 3
Read or Read w/AP (different bank) BL/2 clks 3
Write Precharge (to same Bank as Write) WL + BL/2 + RU(¢wr/tck) + 1 clks 1
Precharge All WL + BL/2 + RU(¢wg/tck) * 1 clks 1
Precharge (to same Bank as Write w/AP) WL + BL/2 + RU(¢wg/tck) * 1 clks 1
Precharge All WL + BL/2 + RU(twr/tcg) + 1 clks 1
. . WL + BL/2 + RU(twr/tck)
Weite wiAD Activate (to same Bank as Write w/AP) + 1+ RU(trppb/icK) clks 1
it w Write or Write w/AP (same bank) Illegal clks | 3
Write or Write w/AP (different bank) BL2 clks 3
Read or Read w/AP (same bank) Illegal clks | 3
Read or Read w/AP (different bank) WL + BL/2 + RU(tw1Rr/tck) + 1 clks 3
1 clks 1
Precharge Precharge (to same Bank as Precharge)
Precharge All 1 clks 1
Precharge Precharge 1 clks 1
All Precharge All 1 clks 1
NOTE 1 For a given bank, the precharge period should be counted from the latest precharge command,
either one bank precharge or precharge all, issued to that bank. The precharge period is satisfied after
tgp depending on the latest precharge command issued to that bank.
NOTE 2 Any command issued during the minimum delay time as specified in Table 11 is illegal.
NOTE 3 After Read with AP, seamless read operations to different banks are supported. After Write with
AP, seamless write operations to different banks are supported. Read and Write operations may not be
truncated or interrupted.
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4.8 Refresh command

The REFRESH command is initiated with CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of
the clock. Per-bank REFRESH is initiated with CA3 LOW at the rising edge of the clock. All-bank REFRESH is
initiated with CA3 HIGH at the rising edge of the clock.

A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to the bank scheduled by the
bank counter in the memory device. The bank sequence for per-bank REFRESH is fixed to be a sequential round-
robin: 0-1-2-3-4-5-6-7-0-1-.... The bank count is synchronized between the controller and the SDRAM by resetting
the bank count to zero. Synchronization can occur upon issuing a RESET signal or at every exit from self refresh.
Bank addressing for the per-bank REFRESH count is the same as established for the single-bank PRECHARGE
command. A bank must be idle before it can be refreshed. The controller must track the bank being refreshed by the
per-bank REFRESH command.

The REFpb command must not be issued to the device until the following conditions are met (see Table 1):
- IRpcab has been satisfied after the prior REFab command
- IRpCpb has been satisfied after the prior REFpb command
- tgp has been satisfied after the prior PRECHARGE command to that bank

- tRrp has been satisfied after the prior ACTIVATE command (if applicable, for example after activating a
row in a different bank than the one affected by the REFpb command).

The target bank is inaccessible during per-bank REFRESH cycle time (frpcpp), however, other banks within the

device are accessible and can be addressed during the cycle. During the REFpb operation, any of the banks other than
the one being refreshed can be maintained in an active state or accessed by a READ or a WRITE command. When the
per-bank REFRESH cycle has completed, the affected bank will be in the idle state.

After issuing REFpb, these conditions must be met (see Table 1):
- IRFcpb Must be satisfied before issuing a REFab command
- IRpcpb Must be satisfied before issuing an ACTIVATE command to the same bank
- tgrp must be satisfied before issuing an ACTIVATE command to a different bank

- IRpcpb Must be satisfied before issuing another REFpb command.

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All banks must be idle when
REFab is issued (for instance, by issuing a PRECHARGE-all command prior to issuing an all-bank REFRESH
command). REFab also synchronizes the bank count between the controller and the SDRAM to zero. The REFab
command must not be issued to the device until the following conditions have been met (see Table 1):

- tRFcab has been satisfied following the prior REFab command
- IRFcpb has been satisfied following the prior REFpb command
- trp has been satisfied following the prior PRECHARGE commands.

When an all-bank refresh cycle has completed, all banks will be idle. After issuing REFab:
- IRFCab latency must be satisfied before issuing an ACTIVATE command

- IRpcab latency must be satisfied before issuing a REFab or REFpb command.
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4.8 Refresh command (cont’d)
Table 12 — REFRESH Command Scheduling Separation Requirements

Symbol ng‘g‘;zs& . To... Notes

REFab
'RFCab REFab ACTIVATE command to any bank

REFpb
REFab

IRFCpb REFpb ACTIVATE command to same bank as REFpb
REFpb

REFpb ACTIVATE command to a different bank than REFpb
fRRD REFpb 1
ACTIVATE ACTIVATE command to a different bank than the prior

ACTIVATE command

NOTE 1 A bank must be in the idle state before it is refreshed, so following an ACTIVATE command REFab is pro-
hibited; REFpb is supported only if it affects a bank that is in the idle state.

In general, an all bank refresh command needs to be issued to the LPDDR3 SDRAM regularly every tREFI (or more
precisely tREFIM = tREFI x RM, see MR4 setting) interval. To allow for improved efficiency in scheduling and
switching between tasks, some flexibility in the absolute refresh interval is provided for postponing and pulling-in
refresh command. A maximum of 8§ Refresh commands can be postponed during operation of the LPDDR3 SDRAM,
meaning that at no point in time more than a total of 8§ Refresh commands are allowed to be postponed. In case that 8
Refresh commands are postponed in a row, the resulting maximum interval between the surrounding Refresh
commands is limited to 9 x tREFI (9 x tREFIM =9 x RM x tREF]I) (see Figure 1). A maximum of 8 additional
Refresh commands can be issued in advance (“pulled in”) , with each one reducing the number of regular Refresh
commands required later by one. Note that pulling in more than 8, depending on Refresh mode, Refresh commands in
advance does not further reduce the number of regular Refresh commands required later, so that the resulting
maximum interval between two surrounding Refresh commands is limited to 9 x tREFI (9 x tREFIM =9 x RM x
tREFI). At any given time, a maximum of 16 REF commands can be issued within 2 x tREFI (2 x tREFIM =2 x RM
x tREFI)

And for per bank refresh, a maximum 8 x 8 per bank refresh commands can be postponed or pulled in for scheduling
efficiency. At any given time, a maximum of 2 x 8 x 8 per bank refresh commands can be issued within 2 x tREFI (2
x RM x tREFI)



JEDEC Standard No. 209-3C
Page 52

4.8 Refresh command (cont’d)

max interval = 9 x tREFIM (= 9 x RM x tREFI)

I

DRAM must be idle DRAM must be idle

Time Break Don't Care
NOTE : 1. Only NOP commands allowed after Refresh command registered untill tRFC(min) expires.

2. Time interval between two Refresh commands may be extended to
a maximum of 9 x tREFIM (= 9 x RM x tREFI).

Figure 26 — Refresh Command Timing

tREFIM ( = RM x tREFI)

NN

y

‘ ‘ 9 x tREFIM (= 9 x RM x tREFI ‘ ‘ ‘ ‘ ‘7?‘ ‘ ‘ ‘ ‘ ‘

I

8REF-Commands postponed

Figure 27 — Postponing Refresh Commands

tREFIM (= RM x tREFI)
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‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ )) ‘ ‘ 9 x tREFIM (= 9 x RM tREFI) ‘ ‘
>t

I

T

~

8 REF-Commands pulled-in

Figure 28 — Pulling-in Refresh Commands
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4.8.1 Refresh Requirements
a) Minimum number of REFRESH commands

LPDDR3 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh window
(tREFW =32 ms @ MR4[2:0] =011 or TC @ 85°C). Based on the settings in MR4 a refresh multiplier RM larger or
smaller than 1 may apply. The refresh window then becomes tREFWM = RM x tREFW and the refresh interval
beceomes tREFIM = RM x tREFI. ; refer to MR4 definition for details.

When using per-bank REFRESH, a REFab command can be replaced by a full cycle of eight REFpb commands.

b) REFRESH Requirements and SELF REFRESH

Self refresh mode may be entered with a maximum of eight refresh commands being postponed. After exiting self-
refresh mode with one or more refresh commands postponed, additional refresh commands may be postponed to the
extent that the total number of postponed refresh commands (before and after the self refresh) will never exceed
eight. During self-refresh mode, the number of postponed or pulled-in REF commands does not change.”

“The use of self refresh mode introduces the possibility that an internally timed refresh event can be missed when
CKE is raised for exit from self refresh mode. Upon exit from self refresh, the LPDDR3 SDRAM requires a mini-
mum of one extra refresh command before it is put back into self refresh mode.”

T0 T T2 T3 T4 Tx Tx+1 Ty Ty+1

\ il
CK_t/CK_c

it it it el e
T v o S \__/. \__/. .

oo ) FJ e

[Cmd] ~<Precharge>< Nop >< Nop ><REFab o N K REFab>< No
: : : : : :

| : ! >= tRPab ! : N >= IRFcab ' N >= tRFCab \1

| . | . | — . | . > . | gl . | .

I ' I ! I : I : | : I ' I I I

Figure 29 — All-Bank REFRESH Operation

TO Tx Tx+1 Tx+2 Ty Ty+1 Tz Tz+1
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CK_tICK_c

|\— —/: |\_ - |\_ i |\_
e (*) T ]

[Cmd] ~<Precharge
T T

Actlv?te command to Bank 1

1

I

L I
RefresI to Bank 1 |
I I

| I

|
|
I
I
I
|
Figure 30 — Per-Bank REFRESH Operation

NOTE 1 In the beginning of this example, the REFpb bank is pointing to bank 0.
NOTE 2 Operations to banks other than the bank being refreshed are supported during the tRFCpb period.
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4.9 Self Refresh operation

The Self Refresh command can be used to retain data in the LPDDR3 SDRAM, even if the rest of the system is
powered down. When in the Self Refresh mode, the SDRAM retains data without external clocking. The device has a
built-in timer to accommodate Self Refresh operation. The Self Refresh Command is defined by having CKE LOW,
CS_n LOW, CAO0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock. CKE must be HIGH during the
previous clock cycle. CKE must not go LOW while MRR, MRW, READ, or WRITE operations are in progress. To
ensure that there is enough time to account for internal delay on the CKE signal path, two NOP commands are
required after CKE is driven LOW, this timing period is defined as ¢cppgp. CKE LOW will result in deactivation of
input receivers after #cppgp has expired. Once the command is registered, CKE must be held LOW to keep the device

in Self Refresh mode.

LPDDR3 SDRAM devices can operate in Self Refresh in both the standard or elevated temperature ranges. LPDDR3
devices will also manage Self Refresh power consumption when the operating temperature changes, lower at low
temperatures and higher at high temperatures.

Once the SDRAM has entered Self Refresh mode, all of the external signals except CKE, are “don’t care”. For proper
self refresh operation, power supply pins (Vpp1, Vppa, and Vppca) must be at valid levels. Vppg may be turned off

during Self-Refresh. Prior to exiting Self-Refresh, Vppg must be within specified limits. Ve and Viegep may be at

any level within minimum and maximum levels (see Absolute Maximum DC Ratings). However prior to exiting Self-
Refresh, Viemq and Viepca must be within specified limits (see Recommended DC Operating Conditions). The

SDRAM initiates a minimum of one all-bank refresh command internally within f-gggg period once it enters Self

Refresh mode. The clock is internally disabled during Self Refresh Operation to save power. The minimum time that
the SDRAM must remain in Self Refresh mode is 7cgpsr min- The user may change the external clock frequency or

halt the external clock tCPDED after Self Refresh entry is registered; however, the clock must be restarted and stable
before the device can exit Self Refresh operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock shall be stable and within
specified limits for a minimum of 2 ¢k prior to the positive clock edge that registers CKE HIGH. Once Self Refresh

Exit is registered, a delay of at least txgg must be satisfied before a valid command can be issued to the device to
allow for any internal refresh in progress. CKE must remain HIGH for the entire Self Refresh exit period #xgr for

proper operation. NOP commands must be registered on each positive clock edge during the Self Refresh exit interval
txsr. For the description of ODT operation and specifications during self-refresh entry and exit, see section On-Die

Termination on page 69.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when
CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at least one REFRESH
command (8 per-bank or 1 all-bank) is issued before entry into a subsequent Self Refresh.
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4.9 Self Refresh operation (cont’d)

ﬂ 2 tck (min)

Input clock frequency may be changed tiHcke —» e

|
: S\ or stopped during Self-Refresh “: : ‘ .‘ o
| - o))
|
|

S
.
-
2
%

[CMD] ( )(Em,w)( H A_ﬂ » @g

I tCKESR(min)

txsR(min)

Enter Self-Refresh Exit Self—Refresj
Figure 31 — LPDDR3: Self-Refresh Operation

NOTE 1 Input clock frequency may be changed or can be stopped or floated during self-refresh, provided that upon exiting
self-refresh, the clock is stable and within specified limits for a minimum of 2 clocks of stable clock are provided and the clock
frequency is between the minimum and maximum frequency for the speed grade in use.

NOTE 2 Device must be in the “All banks idle” state prior to entering Self Refresh mode.

NOTE 3 txgp begins at the rising edge of the clock after CKE is driven HIGH.
NOTE 4 A valid command may be issued only after #ygp is satisfied. NOPs shall be issued during #ygg.

491 Partial Array Self-Refresh (PASR)
4.9.1.1 PASR Bank Masking

The LPDDR3 SDRAM has eight banks (additional banks may be required for higher densities). Each bank of an
LPDDR3 SDRAM can be independently configured whether a self refresh operation is taking place. One mode
register unit of 8 bits, accessible via MRW command, is assigned to program the bank masking status of each bank up
to 8 banks. For bank masking bit assignments, see Mode Register 16 as described on page 32.

The mask bit to the bank controls a refresh operation of entire memory within the bank. If a bank is masked via
MRW, a refresh operation to the entire bank is blocked and data retention by a bank is not guaranteed in self refresh
mode. To enable a refresh operation to a bank, a coupled mask bit has to be programmed, “unmasked”. When a bank
mask bit is unmasked, a refresh to a bank is determined by the programmed status of segment mask bits, which is
decribed in the following chapter.

4.9.1.2 PASR Segment Masking

A segment masking scheme may be used in lieu of or in combination with the bank masking scheme in LPDDR3
SDRAM. LPDDR3 devices utilize eight segments per bank. For segment masking bit assignments, see Mode
Register 17 as described on page 32.

For those refresh-enabled banks, a refresh operation to the address range which is represented by a segment is
blocked when the mask bit to this segment is programmed, “masked”. Programming of segment mask bits is similar
to the one of bank mask bits. Eight segments are used as listed in Mode Register 17 as described on page 32. One
mode register unit is used for the programming of segment mask bits up to 8 bits. One more mode register unit may
be reserved for future use. Programming of bits in the reserved registers has no effect on the device operation.
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4.9 Self Refresh operation (cont’d)
Table 13 — Example of Bank and Segment Masking use in LPDDR3 devices

Segment Mask § g, 1 ¢ | Bank 1| Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7
(MR17)

B?;}‘Rl‘l‘é‘;k 0 1 0 0 0 0 0 1

Segment 0 0 M M
Segment 1 0 M M
Segment 2 1 M M M M M M M M
Segment 3 0 M M
Segment 4 0 M M
Segment 5 0 M M
Segment 6 0 M M
Segment 7 1 M M M M M M M M

NOTE 1 This table illustrates an example of an 8-bank LPDDR3 device, when a refresh operation to bank 1
and bank 7, as well as segment 2 and segment 7 are masked.
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4.10 Mode Register Read (MRR) Command

The Mode Register Read (MRR) command is used to read configuration and status data from SDRAM mode
registers. The MRR command is initiated with CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the
rising edge of the clock. The mode register is selected by CA1f—~CAOf and CA9r—CA4r. The mode register contents
are available on the first data beat of DQ[7:0] after RL x #ck + ipgsck * posq following the rising edge of the clock
where MRR is issued. Subsequent data beats contain valid but undefined content, except in the case of the DQ
calibration function, where subsequent data beats contain valid content as described in the DQ Calibration
specification. All DQS are toggled for the duration of the mode register read burst.

The MRR command has a burst length of eight. MRR operation (consisting of the MRR command and the
corresponding data traffic) must not be interrupted.

TO e T4 T5 T6 T7 T8 T9 T10

; twrr= 4
) T
DQS_t I '
DQS_C k RL E= 8 :
DQ[0-7] i : :
| E
DQ[8-max] | . T
| f

| @@ cmpnotalowed |, -,

Figure 32 — Mode Register Read timing example: RL = 8

NOTE 1 MRRs to DQ calibration registers MR32 and MR40 are described in DQ calibration section.
NOTE 2 Only the NOP command is supported during #(rg-

NOTE 3 Mode register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain valid but undefined
data. DQ[MAX:8] contain valid but undefined data for the duration of the MRR burst.

NOTE 4 Minimum Mode Register Read to write latency is RL + RU(fpgsckmaX/fck) + 8/2 + 1 - WL clock cycles.
NOTE 5 Minimum Mode Register Read to Mode Register Write latency is RL + RU(fpgsckmax/fck) + 8/2 + 1elock
cycles.

NOTE 6 In this example, RL = 8 for illustration purposes only.

TO Tx Tx+1 Tx+5 Tz Tz+1
| A e A it " oA el i
CK t/CKcf | J{—\\_/—\L S U S !
" " T " T T Lo

| ! | tWR !

| :
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Bank A
Row Addr /\ Row Addr
K Activate>< Nop >

Bank A
CA0-9 < ColAdd >< ol Add

\
[Cmd] { wite

DQS ¢ — | RV armnts : \/— |
DQS t o \_'J\ oo i /%
DQs % DINA % DNA, || DNAG % DINA; W
T : ' : ' I f . T T . f

| ' .
Figure 33 — xREAD to MRR Timing

NOTE 1 Only the NOP command is supported during ‘MRR.
NOTE 2 The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.
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410 Mode Register Read Command (cont’d)

After a prior READ command, the MRR command must not be issued earlier than BL/2 clock cycles, or WL + 1 +
BL/2 + RU(twtr/fck) clock cycles after a prior WRITE command, as READ bursts and WRITE bursts must not be

truncated by MRR.

TO Tx Tx+1 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
| /et it e el oA it it it g
CK t/CK cf | . . . ! !
v v Y Y v v . N v
[ wL | . | - \ - | . | . | IRl | -

E—||™ ' I X X I X I : i l T X | X

oo e | OO0 iGN
cmdl { wie X X Hovais A meR N N )
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|
|
|

(:) CMD not aIIowed

;
L

S
]

! . [
Figure 34 — Burst Write Followed by MRR

NOTE 1 The minimum number of clock cycles from the burst WRITE command to the MRR command is [WL + 1 + BL/2 +

RU(twr/fck)]-
NOTE 2 Only the NOP command is supported during ¢y gg-

4.10.0.1 MRR Following Idle Power-Down State
Following the idle power-down state, an additional time, #ggy, is required prior to issuing the mode register read
(MRR) command. This additional time (equivalent to tgp) is required in order to be able to maximize power-down

current savings by allowing more power-up time for the MRR data path after exit from standby, idle power-down
mode.
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Notes:
1. Any valid command from the idle state except MRR
2. twmri = tred

Figure 35 — MRR Following Power-Down Idle State
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4.10.1 Temperature Sensor

LPDDR3 devices feature a temperature sensor whose status can be read from MR4. This sensor can be used to
determine an appropriate refresh rate, determine whether AC timing de-rating is required in the elevated temperature
range, and/or monitor the operating temperature. Either the temperature sensor or the device Topgg ( Table 32 on

page 88) may be used to determine whether operating temperature requirements are being met.

LPDDR3 devices shall monitor device temperature and update MR4 according to ¢rg;. Upon exiting self-refresh or
power-down, the device temperature status bits shall be no older than #¢1g;.

When using the temperature sensor, the actual device case temperature may be higher than the Tpgg specification (
Table 32 on page 88) that applies for the standard or elevated temperature ranges. For example, T-5gg may be above
85° C when MR4[2:0] equals 011B. LPDDR3 devices shall allow for 2° C temperature margin between the point at
which the device updates the MR4 value and the point at which the controller re-configures the system accordingly.
In the case of tight thermal coupling of the memory device to external hot spots, the maximum device temperature
might be higher than what is indicated by MR4.

To assure proper operation using the temperature sensor, applications should consider the following factors:

- TempGradient is the maximum temperature gradient experienced by the memory device at the temperature
of interest over a range of 2 °C.

- ReadlInterval is the time period between MR4 reads from the system.

- TempSensorInterval (tTSI) is maximum delay between internal updates of MR4.

- SysRespDelay is the maximum time between a read of MR4 and the response by the system.

In order to determine the required frequency of polling MR4, the system shall use the maximum TempGradient and
the maximum response time of the system using the following equation:

TempGradient X (ReadlInterval + tTSI+ SysRespDelay) <2C

Table 14 — Temperature Sensor

Parameter Symbol Max/Min Value Unit | Notes

System Temperature Gradient| TempGradient| Max |System Dependent|°C/s

MR4 Read Interval ReadInterval Max |System Dependent| ms

Temperature Sensor Interval trs Max 32 ms

System Response Delay SysRespDelay| Max |System Dependent| ms

Device Temperature Margin | TempMargin Max 2 °C

For example, if TempGradient is 10 °C/s and the SysRespDelay is 1 ms:

IOTC X (ReadlInterval +32ms + 1ms) <2C

In this case, Readlnterval shall be no greater than 167 ms.
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4.10.1 Temperature Sensor (cont’d)

Temp
A
P < (trs) + ReadInterval + SysRespDelay)
Device _—
I L —4
Temp 4
Margin //
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ad\e/
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MR4v__,K __________ S N A |
Trip Level | —4
trsi |
MR4 = 0x03 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x06 » Time
Temperature
Sensor
Update
P ReadInterval R SysRespDelay >
Host < »

MR4 Read MRR MR4 = 0x03 MRR MR4 = 0x86

Figure 36 — Temp Sensor Timing
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4.10.2 DQ Calibration

LPDDR3 devices feature a DQ Calibration function that outputs one of two predefined system timing calibration
patterns. A Mode Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the specified pattern on
DQ[0] and DQ[8] for x16 devices, and DQ[0], DQ[8], DQ[16], and DQ[24] for x32 devices. For x16 devices,
DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or may drive Ob during the MRR burst.
For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive the same information as
DQJ0] or may drive 0b during the MRR burst..

Table 15 — Data Calibration Pattern Description

Bit Time | Bit Time | Bit Time | Bit Time | Bit Time | Bit Time | Bit Time | Bit Time
0 1 2 3 4 5 6 7
Pattern “A” 1 0 1 0 1 0 1 0
(MR32)
Pattern “B” 0 0 1 1 0 0 1 1
(MR40)

tMRR=4

fffffffffffff

Das_t, = I
DGs c | RL=6 =
DQ[0]
DQ[7:1]
DQ[8]
DQ[15:9}
DQ[16]
DQ[23:17}
DQ[24]
DQ[31:25}

/

/ \

\

X32

Pattern A Pattern B

.CMD not allowed % Optionally driven the same as DQO or Ob

Figure 37 — DQ Calibration Timing
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4.11 Mode Register Write (MRW) Command

The Mode Register Write (MRW) command is used to write configuration data to mode registers. The MRW
command is initiated with CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the
clock. The mode register is selected by CA1{-CAOf, CA9r-CA4r. The data to be written to the mode register is
contained in CA9f-CA2f. The MRW command period is defined by #rw. Mode register WRITEs to read-only
registers have no impact on the functionality of the device.
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Figure 38 — Mode Register Write Timing
NOTE 1 At time Ty, the device is in the idle state.
NOTE 2 Only the NOP command is supported during #rw-

4.11.1 Mode Register Write

MRW can only be issued when all banks are in the idle precharge state. One method of ensuring that the banks are in
this state is to issue a PRECHARGE-ALL command.

4.11.1.1 MRW RESET

The MRW RESET command brings the device to the device auto-initialization (resetting) state in the power-on
initialization sequence. The MRW RESET command can be issued from the idle state. This command resets all mode
registers to their default values. After MRW RESET, boot timings must be observed until the device initialization
sequence is complete and the device is in the idle state. Array data is undefined after the MRW RESET command.

If the initialization is to be performed at-speed (greater than the recommended boot clock frequency), then CA
Training may be necessary to ensure setup and hold timings. Since the MRW RESET command is required prior to
CA Training it may be difficult to meet setup and hold requirements. User may however choose the OP code 0xFCh.
This encoding ensures that no transitions are required on the CA bus between rising and falling clock edge. Prior to
CA Training, it is recommended to hold the CA bus stable for one cycle prior to, and one cycle after, the issuance of
the MRW RESET command to ensure setup and hold timings on the CA bus.

Table 16 — Truth Table for Mode Register Read (MRR)
and Mode Register Write (MRW)

Current State Command Intermediate State Next State
All Banks Idle MRR Mode Register Reading All Banks Idle
(All Banks Idle)
MRW Mode Register Writing All Banks Idle
(All Banks Idle)
MRW (RESET) Resetting All Banks Idle
(Device Auto-Init)
Bank(s) Active MRR Mode Register Reading Bank(s) Active
(Bank(s) Active)
MRW Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
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4.11.1 Mode Register Write (cont’d)

CKE
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Figure 39 — Mode Register Write Timing for MRW RESET
NOTE 1 Optional MRW RESET command and optional CS_n assertion are allowed, When optional MRW RESET
command is used, T4 starts at T .
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4.11.2 Mode Register Write ZQ Calibration Command

The MRW command is used to initiate the ZQ calibration command. This command is used to calibrate the output
driver impedance and on-die termination across process, temperature, and voltage. LPDDR3 devices support ZQ
calibration.

There are four ZQ calibration commands and related timings: 7qNiT> #ZQRESET> zQcL» and tzqcs- fzqiNi 18 for
initialization calibration; f;qrgsgT 18 for resetting ZQ to the default output impedance; 7y, is for long
calibration(s); and #7qcg is for short calibration(s).

The initialization ZQ calibration (ZQINIT) must be performed for LPDDR3. ZQINIT provides an output impedance
accuracy of £15 percent. After initialization, the ZQ calibration long (ZQCL) can be used to recalibrate the system to
an output impedance accuracy of £15 percent. A ZQ calibration short (ZQCS) can be used periodically to compensate
for temperature and voltage drift in the system. The ZQ reset command (ZQRESET) resets the output impedance
calibration to a default accuracy of £30% across process, voltage, and temperature. This command is used to ensure
output impedance accuracy to £30% when ZQCS and ZQCL commands are not used.

One ZQCS command can effectively correct at least 1.5% (ZQCorrection) of output impedance errors within 77ocg
for all speed bins, assuming the maximum sensitivities specified are met. The appropriate interval between ZQCS
commands can be determined from using these tables and system-specific parameters.

LPDDR3 devices are subject to temperature drift rate (7, ifirate) and voltage drift rate (Vgpfirate) I Various

applications. To accommodate drift rates and calculate the necessary interval between ZQCS commands, apply the
following formula:

ZQCorrection
(TSens x Tdriftrate) + (VSens x Vdriftrate)

Where T = MAX (dRondT) and Ve, = MAX (dRondV) define temperature and voltage sensitivities.

For example, if Ty, = 0.75%/°C, Vions = 0.20%/mV, T grifirate = 1°C/sec, and
Visifirate = 15mV/sec, then the interval between ZQCS commands is calculated as:

1.5
(0.75x 1)+ (0.20 x 15)

= Calibrationlnterval

= 04s

A ZQ calibration command can only be issued when the device is in the idle state with all banks precharged. ODT
shall be disabled via the mode register or the ODT pin prior to issuing a ZQ calibration command. No other activities
can be performed on the data bus and the data bus shall be un-terminated during calibration periods (¢zomit zQcLs
or f7qcs)- The quiet time on the data bus helps to accurately calibrate output impedance. There is no required quiet
time after the ZQ RESET command. If multiple devices share a single ZQ resistor, only one device can be calibrating
at any given time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power consumption. In
systems sharing a ZQ resistor between devices, the controller must prevent /7o, fzQcs, and fzqcr, overlap
between the devices. ZQ RESET overlap is acceptable.

TO T1 T2 T3 T4 T5

Tx Tx+1 Tx+2
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I~ \ [ \ I \ I
|
I

() CMD not allowed | :

Figure 40 — ZQ Initialization Timing
NOTE 1 Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.
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4.11.2 Mode Register Write ZQ Calibration Command (cont’d)

CK_t/CK_c

v [ SN OO0
[(Cmd] ‘<MRW:>’< >< >< :>< W ANYI>'< X h

(U CMD not allowed | :

Figure 41 — ZQ Calibration Short Timing
NOTE I Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.
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Figure 42 — ZQ Calibration Long Timing
NOTE I Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.

TO T1 T2 T3 T4 T5

Tx Tx+1 Tx+2
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Figure 43 — ZQ Calibration Reset Timing
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NOTE 1 Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.
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4.11.2 Mode Register Write ZQ Calibration Command (cont’d)

4.11.2.1 ZQ External Resistor Value, Tolerance, and Capacitive Loading
To use the ZQ calibration function, an Rz £1% tolerance external resistor must be connected between the ZQ pin

and ground. A single resistor can be used for each device or one resistor can be shared between multiple devices if the
ZQ calibration timings for each device do not overlap. The total capacitive loading on the ZQ pin must be limited (see
Pin Capacitance table, Table 55 on page 110).

4.11.3 Mode Register Write - CA Training Mode
Because CA inputs operate as double data rate, it may be difficult for memory controller to satisfy CA input
setup/hold timings at higher frequency. A CA Training mechanism is provided.

4.11.3.1 CA Training Sequence
a) CA Training mode entry: Mode Register Write to MR41

b) CA Training session: Calibrate CAO, CA1, CA2, CA3, CAS, CA6, CA7 and CA8 (see !!! Table 19 on page 67)
¢) CA to DQ mapping change: Mode Register Write to MR48

d) Additional CA Training session: Calibrate remaining CA pins (CA4 and CA9) (see-!!! Table 21 on page 67)

e) CA Training mode exit: Mode Register Write to MR42

| ¢ [CAMRD > tADR < ADR )] tCACKEH | || tCAEXT W4 tMRZ ||
) L < P& < > |‘ e
I Vi
EVEN / CAx Chy
Das (7 R R

e’ C & [ >%

V17 imegular clock ) ’/
ZZ % period and Optional Optional 7 Don't Care
Lif duty cycle A

Figure 44 — CA Training Timing Chart
NOTE 1 Unused DQ must be valid HIGH or LOW during data output period. Unused DQ may transition at the same time as the
active DQ. DQS must remain static and not transition.
NOTE 2 CA to DQ mapping change via MR 48 omitted here for clarity of the timing diagram. Both MR41 and MR48 training
sequences must be completed before exiting the training mode (MR42). To enable a CA to DQ mapping change, CKE must be
driven HIGH prior to issuance of the MRW 48 command.
NOTE 3 Because data out control is asynchronous and will be an analog delay from when all the CA data is available, /4pg and
tMrz are defined from CK_t falling edge.
NOTE 4 1t is recommended to hold the CA bus stable for one cycle prior to and one cycle after the issuance of the MRW CA
training entry/exit command to ensure setup and hold timings on the CA bus.
NOTE 5 Clock phase may be adjusted in CA training mode while CS_n is high and CKE is low resulting in an irregular clock
with shorter/longer periods and pulse widths.
NOTE 6 Optional MRW 41, 48, 42 command and CA calibration command are allowed. To complement these optional com-
mands, optional CS_n assertions are also allowed. All timing must comprehend these optional CS_n assertions:
a) tapp starts at the falling clock edge after the last registered CS_n assertion.
b) fcacDs tCACKEL tcamrD Start with the rising clock edge of the last CS_n assertion.
¢) tcAENT fcagxT need to be met by the first CS_n assertion.
d) fyrz Will be met after the falling clock edge following the first CS_n assertion with exit (MRW#42) command.




4.11.3.1 CA Training Sequence (cont’d)
The LPDDR3 SDRAM may not properly recognize a Mode Register Write command at normal operation frequency
before CA Training is finished. Special encodings are provided for CA Training mode enable/disable. MR41 and
MR42 encodings are selected so that rising edge and falling edge values are the same. The LPDDR3 SDRAM will
recognize MR41 and MR42 at normal operation frequency even before CA timing adjustment is finished.
Calibration data will be output through DQ pins. CA to DQ mapping is described in Table 19.
After timing calibration with MR41 is finished, users will issue MRW to MR48 and calibrate remaining CA pins
(CA4 and CA9) using (DQ0/DQland DQ8/DQY) as calibration data output pins (see Table 21).

CA Training timing values are specified in the AC Timing Table on page 123.
Table 17 — CA Training mode enable ( MR41(29H, 0010 1001B), OP=A4H(1010 0100B) )
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CA0 CAl CA2 CA3 | CA4 | CA5 | CA6 | CA7T | CA8 | CA9
Rising Edge L L L L H L L H L H
Falling Edge L L L L H L L H L H
Table 18 — CA Training mode disable (MR42(2AH,0010 1010B),0P=A8H(1010 1000B) )
CAO0 CAl CA2 CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9
Rising Edge L L L L L H L H L H
Falling Edge L L L L L H L H L H
Table 19 — CA to DQ mapping (CA Training mode enabled with MR41)
CAO0 CA1 CA2 CA3 CAS5 CA6 CA7 CA8 Clock edge
DQO DQ2 DQ4 DQ6 DQ8 | DQI10 | DQ12 | DQ14 CK t rising edge
DQ1 DQ3 DQ5 DQ7 DQY9 | DQ11 | DQ13 | DQI15 CK t falling edge
Table 20 — CA Training mode enable ( MR48(30H, 0011 0000B), OP=COH(1100 0000B) )
CA0 | CAl CA2 | CA3 | CA4 | CAS | CA6 | CA7 | CA8 | CA9
Rising Edge L L L L L L L L H H
Falling Edge L L L L L L L L H H

Table 21 — CA to DQ mapping (CA Training mode is enabled with MR48)

CA4 CA9 Clock edge
DQO DQS8 CK t rising edge
DQ1 DQ9 CK t falling edge

NOTE 1 Other DQs must have valid output (either HIGH or LOW)




JEDEC Standard No. 209-3C
Page 68

4.11.4 Mode Register Write - WR Leveling Mode
In order to provide for improved signal integrity performance, the LPDDR3 SDRAM provides a write leveling
feature to compensate for timing skew, affecting timing parameters such as /pqgs, /pss, and fpgp-

The memory controller uses the write leveling feature to receive feedback from the SDRAM allowing it to adjust the
clock to data strobe signal relationship for each DQS_t/DQS_c signal pair. The memory controller performing the
leveling must have adjustable delay setting on DQS_t/DQS _c signal pair to align the rising edge of DQS signals with
that of the clock signal at the DRAM pin. The DRAM asynchronously feeds back CLK, sampled with the rising edge
of DQS signals. The controller repeatedly delays DQS signals until a transition from 0 to 1 is detected. The DQS
signals delay established through this exercise ensures the /pggg specification can be met.

All DQS signals may have to be leveled independantly. During Write Leveling operations each DQS signal latches
the clock with a rising strobe edge and drives the result on all DQ[#] of its respective byte.

The LPDDR3 SDRAM enters into write leveling mode when mode register MR2[7] is set HIGH. When entering
write leveling mode, the state of the DQ pins is undefined. During write leveling mode, only NOP commands are
allowed, or MRW command to exit write leveling operation. Upon completion of the write leveling operation, the
DRAM exits from write leveling mode when MR2[7] is reset LOW.
The controller will drive DQS_t LOW and DQS_c HIGH after a delay of fwy pgsgn- After time fyy mrp, the
controller provides DQS signal input which is used by the DRAM to sample the clock signal driven from the
controller. The delay time fw1 MRD(max) 18 controller dependent. The DRAM samples the clock input with the rising
edge of DQS and provides asynchronous feedback on all the DQ bits after time fy . The controller samples this
information and either increment or decrement the DQS _t and/or DQS_c delay settings and launches the next
DQS/DQS# pulse. The sample time and trigger time is controller dependent. Once the following DQS_t/DQS ¢
transition is sampled, the controller locks the strobe delay settings, and write leveling is achieved for the device.
Figure 45 describes the timing for the write leveling operation.

Figure 45 — Write Leveling Timing
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4.12 On-Die Termination

ODT (On-Die Termination) is a feature of the LPDDR3 SDRAM that allows the DRAM to turn on/off termination
resistance for each DQ, DQS t, DQS_c and DM via the ODT control pin. The ODT feature is designed to improve
signal integrity of the memory channel by allowing the DRAM controller to independently turn on/off termination
resistance for any or all DRAM devices. Unlike other command inputs, the ODT pin directly controls ODT operation
and is not sampled by the clock.

The ODT feature is turned off and not supported in Self-Refresh and Deep Power Down modes. ODT operation can
optionally be enabled during CKE Power Down via a mode register. Note that if ODT is enabled during Power Down
mode VDDQ may not be turned off during Power Down. The DRAM will also disable termination during read
operations.

A simple functional representation of the DRAM ODT feature is shown in Figure 46.

oot T T
To other | | Vbba |
circuitry | | R |
like | : A/\T/\TA__, |
RCV, ... | | [Switch |
L ' DQ, DQS, DM
I |
Lo |

Figure 46 — Functional Representation of ODT
The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other mode register
control information. The value of Ry is determined by the settings of Mode Register bits. The ODT pin will be

ignored if the Mode Register MR11 is programmed to disable ODT, in self-refresh, in deep power down, in CKE
power down (mode register option) and during read operations.

4.12.1 ODT Mode Register
The ODT Mode is enabled if MR11 OP<1:0> are non zero. In this case, the value of Ryt is determined by the settings
of those bits. The ODT Mode is disabled if MR11 OP<1:0> are zero.

MRI11 OP<2> determines whether ODT, if enabled through MR11 OP<1:0>, will operate during CKE power down.

412.2 Asynchronous ODT
The ODT feature is controlled asynchronously based on the status of the ODT pin, except ODT is off when:.

- ODT is disabled through MR11 OP<1:0>

- DRAM is performing a read operation (RD or MRR)

- DRAM is in CKE Power Down and MR11 OP<2> is zero

- DRAM is in Self-Refresh or Deep Power Down modes.

- DRAM is in CA Training Mode.
In asynchronous ODT mode, the following timing parameters apply when ODT operation is controlled by the ODT
pin: tODTOﬂ,min,max» tODTof‘f,min,max-
Minimum Ryt turn-on time (opron,min) 1S the point in time when the device termination circuit leaves high
impedance state and ODT resistance begins to turn on. Maximum Ry turn on time (opTonmax) 1S the point in time
when the ODT resistance is fully on. topton min @1d topTon max are measured from ODT pin high.

Minimum Ry turn-off time ({opToff,min) is the point in time when the device termination circuit starts to turn off the
ODT resistance. Maximum ODT turn off time (ZopToff,max) 1S the point in time when the on-die termination has
reached high impedance. foprofr,min 30d /0pToff.max ar¢ measured from ODT pin low.

4.12.3 ODT During Read Operations (RD or MRR)
During read operations, LPDDR3 SDRAM will disable termination and disable ODT control through the ODT pin.
After read operations are completed, ODT control is resumed through the ODT pin (if ODT Mode is enabled).
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412 On-Die Termination (cont’d)

4.12.4 ODT During Power Down

When MR11 OP<2> is zero, termination control through the ODT pin will be disabled when the DRAM enters CKE
power down. After a power down command is registered, termination will be disabled within a time window
specified by 10pTd,minmax- After a power down exit command is registered, termination will be enabled within a time
window specified by /opTe min,max-

Minimum Rt disable time (Zoptd,min) 18 the point in time when the device termination circuit will no longer be
controlled by the ODT pin. Maximum ODT disable time (fopTd max) 18 the point in time when the on-die termination
will be in high impedance.

Minimum Ryt enable time (fopre min) is the point in time when the device termination circuit will no longer be in
high impedance. The ODT pin shall control the device termination circuit after maximum ODT enable time
(10DTe,max) 18 satisfied.

When MR11 OP<2> is enabled and MR 11 OP<1:0> are non zero, ODT operation is supported during CKE power
down with ODT control through the ODT pin.

4.12.5 ODT During Self Refresh

LPDDR3 SDRAM disables the ODT function during self refresh. After a self refresh command is registered,
termination will be disabled within a time window specified by fopTd,min,max- After a self refresh exit command is
registered, termination will be enabled within a time window specified by fopTe min max-

4.12.6 ODT During Deep Power Down
LPDDR3 SDRAM disables the ODT function during deep power down. After a deep power down command is
registered, termination will be disabled within a time window specified by #opTd min,max-

4.12.7 ODT During CA Training and Write Leveling

During CA Training Mode, LPDDR3 SDRAM will disable on-die termination and ignore the state of the ODT
control pin. For ODT operation during Write Leveling mode, refer to the DRAM Termination Function In Write
Leveling Mode Table on page 70 for termination activation and deactivation for DQ and DQS_t/DQS c.

Table 22 — DRAM Termination Function In Write Leveling Mode

ODT pin DQS_t/DQS_c termination DQ termination
de-asserted OFF OFF
asserted ON OFF

If ODT is enabled, the ODT pin must be high, in Write Leveling mode.
Table 23 — ODT States Truth Table

. Read/ . .
Write DQ Cal ZQ Cal CA Training Write Level
DQ Termination Enabled Disabled Disabled Disabled Disabled
DQS Termination Enabled Disabled Disabled Disabled Enabled

NOTE 1 ODT is enabled with MR11[1:0]=01b, 10b, or 11b and ODT pin HIGH. ODT is disabled with
MR11[1:0]=00b or ODT pin LOW.
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412 On-Die Termination (cont’d)

Jii RL=12

ba tDQSCK
oDT
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Figure 47 — Asynchronous ODT Timing Example for RL = 12
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Figure 48 — Automatic ODT Timing During READ Operation Example for RL = m
NOTE 1 The automatic Ry turn-off delay, tpoprofs is referenced from the rising edge of “RL-2” clock at T .

NOTE 2 The automatic Ry turn-on delay, tyopton, 1S referenced from the rising edge of “RL+ BL/2” clock at T, 4.

TO T1 T2 T3 Tm-2 Tm-1 Tm Tm+1 Tm+2 Tn

DRAM_RTT |  ODTON V4 ODT OFF ooton

tODTd tODTe
-

Figure 49 — ODT Timing During Power Down, Self Refresh, Deep Power Down Entry/Exit Example
NOTE 1 Upon exit of Deep Power Down mode, a complete power-up initialization sequence is required.

NOTE 2 tODTd has a different value if the command at T1 is normal Power Down entry, Deep Power Down entry
or Self Refresh entry; seeTable 64, “AC Timing” on page 123
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4.13 Power-down

Power-down is entered synchronously when CKE is registered LOW and CS n is HIGH at the rising edge of clock.
CKE must not go LOW while MRR, MRW, READ, or WRITE operations are in progress. CKE can go LOW while
any other operations such as row activation, PRECHARGE, auto precharge, or REFRESH are in progress, but the
power-down I specification will not be applied until such operations are complete. Power-down entry and exit are

shown in Figure 50 on page 72 through Figure 61 on page 76.
Entering power-down deactivates the input and output buffers, excluding CKE. To ensure that there is enough time to

account for internal delay on the CKE signal path, two NOP commands are required after CKE is driven LOW, this
timing period is defined as ¢cppgp. CKE LOW will result in deactivation of input receivers after #-ppgp has expired.

In power-down mode, CKE must be held LOW; all other input signals are “Don’t Care.” CKE LOW must be
maintained until fcg min 18 satisfied. Vrgppca must be maintained at a valid level during power-down.

Vbpq can be turned off during power-down. If V'pp is turned off, Vrgrpg must also be turned off. Prior to exiting
power-down, both V'ppg and Vrgrpq must be within their respective minimum/maximum operating ranges.

No refresh operations are performed in power-down mode. The maximum duration in power-down mode is only
limited by the refresh requirements outlined in the Refresh command section.

The power-down state is exited when CKE is registered HIGH. The controller must drive CS_n HIGH in conjunction
with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained until Zcg g iy is satisfied. A
valid, executable command can be applied with power-down exit latency txp after CKE goes HIGH. Power-down
exit latency is defined in the AC timing parameter table.

If power-down occurs when all banks are idle, this mode is referred to as idle power-down; if power-down occurs

when there is a row active in any bank, this mode is referred to as active power-down. For the description of ODT
operation and specifications during power-down entry and exit, see section On-Die Termination on page 69.

2 tCK (mln)

Input clock frequency may be changed tiHck
“or the input clock stopped during Power-Down “

(O] (e Yo e H o A_ﬂii@@w

] ) tCKE(min) ) tXP(mm)

Enter Power-Down mode Exit Power-Down mode
tCKE(min)

Figure 50 — Basic Power-Down Entry and Exit Timing
NOTE 1 Input clock frequency can be changed or the input clock can be stopped or floated during power-down,
provided that upon exiting power-down, the clock is stable and within specified limits for a minimum of 2 clock
cycles prior to power-down exit and the clock frequency is between the minimum and maximum specified frequency
for the speed grade in use.
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413 Power-down (cont’d)
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Figure 52 — REFRESH-to-REFRESH Timing in CKE-Intensive Environments
NOTE 1 The pattern shown can repeat over an extended period of time. With this pattern, all AC and DC timing and
voltage specifications with temperature and voltage drift are ensured.

TO ] _T1 ] _T2 ] _Tx ] _Tx+1 ] _Tx+2 ] _Tx+3 ] _Tx+4 ] _Tx+5 ] _Tx+6 _'_I'x+7 _'_I'x+8 ] _T_x+9

[CMD] . RD
CKE | R | | | : | T : | : |

ba ” aaxaexaexaxexaexa TS;.KE

------ r - -
v

DQS_t _ : ' :

DaS_c E E \\
Figure 53 — READ to Power-Down Entry
NOTE 1 CKE must be held HIGH until the end of the burst operation.
NOTE 2 CKE can be registered LOW at RL + RU(fpgscrmaxy/fck) T BL/2 + 1 clock cycles after the clock on

which the READ command is registered.
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413 Power-down (cont’d)
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

[CMD] RDA ) :

1,2 : : , : I
CKE | ) T RL \
Nl Z l l | fsgke l
DQS _t : l
DQS_c ! : ! ' ! '

Figure 54 — READ with Auto Precharge to Power-Down Entry

NOTE 1 CKE must be held HIGH until the end of the burst operation.
NOTE 2 CKE can be registered LOW at RL + RU(ipggck/fcx)t BL/2 + 1 clock cycles after the clock on which the

READ command is registered.
NOTE 3 BL/2 with fgrp = 7.5ns and fg Agommv) 18 satisfied.

NOTE 4 Start internal PRECHARGE.

TO T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5, Tx Tx+1 Tx+2 Tx+3 Tx+4

[CMD]

'
.

DQS_t |
DQS_c \\ 1
Figure 55 — WRITE to Power-Down Entry

NOTE 1 CKE can be registered LOW at WL + 1 + BL/2 + RU(#wRr/fck) clock cycles after the clock on which the
WRITE command is registered.
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TO T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4

CK ¢
CK_t
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BL=8

— D EEE

CKE : . / . . .
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T
v

DQS_t
DQS_c

Figure 56 — WRITE with Auto Precharge to Power-Down Entry
NOTE 1 CKE can be registered LOW at WL + 1 + BL/2 + RU(twg/tck) + 1 clock cycles after the WRITE com-

mand is registered.
NOTE 2 Start internal PRECHARGE.
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413 Power-down (cont’d)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
[CMD] . REF ) : : : . : , f : f ﬁ
CKE . . . . . : . ‘ . . : ‘
fiHCKE «—>| [T T
. <> tiscke

Figure 57 — REFRESH Command to Power-Down Entry

NOTE 1 CKE can go LOW 'THCKE after the clock on which the REFRESH command is registered.

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T1I0 TN
CKc | \ \ \ \

CK_t

[CMD] - ACT

CKE'

' hiHCKE! :
' ' <> tiscke

Figure 58 — ACTIVATE Command to Power-Down Entry
NOTE 1 CKE can go LOW at #ckE after the clock on which the ACTIVATE command is registered.

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK_ c
CK_t
[CMD] PRE

CKE . l l l
 tHekE:
l I LE . . . . . .

Figure 59 — PRECHARGE Command to Power-Down Entry
NOTE 1 CKE can go LOW #jyckg after the clock on which the PRECHARGE command is registered.
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413 Power-down (cont’d)
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

Ck:t%TTX..YTiX..YTTXE.YT?X.-YTTX..YTfX..YTTX..Xifx..YTTX,.Yiix..zifx,.ziiyl;%

[CMD] MRR . - : : . - . , : :
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CKE | | RL : : :

be———— I f aXaXaya)aa e ay—F—F—F
DQS_t- ' —4 T , , , |
DQS_c . i -- -- . .

Figure 60 — MRR to Power-Down Entry

NOTE 1 CKE can be registered LOW RL + RU(tpqgsck/ick)t BL/2 + 1 clock cycles after the clock on which the

MRR command is registered.
NOTE 2 CKE should be held high until the end of the burst operation.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK_ :
CK_t \
[CMD] " :
-« — tvRW— > ' :
CKE | : o '
‘<—>: tiscke

Figure 61 — MRW to Power-Down Entry
NOTE 1 CKE can be registered LOW #\gw after the clock on which the MRW command is registered.
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Deep Power-Down is entered when CKE is registered LOW with CS_n LOW, CAO0 HIGH, CA1 HIGH, and CA2
LOW at the rising edge of clock. All banks must be in idle state with no activity on the data bus prior to entering the
Deep Power Down mode. During Deep Power-Down, CKE must be held LOW. The contents of the SDRAM will be
lost upon entry into Deep Power-Down mode.

In Deep Power-Down mode, all input buffers except CKE, all output buffers, and the power supply to internal
circuitry may be disabled within the SDRAM. To ensure that there is enough time to account for internal delay on the
CKE signal path, two NOP commands are required after CKE is driven LOW, this timing period is defined as tcppgp.

CKE LOW will result in deactivation of command and address receivers after tcppgp has expired. All power supplies

must be within specified limits prior to exiting Deep Power-Down. Viemq and Vierca may be at any level within

minimum and maximum levels (see Abolute Maximum Ratings). However prior to exiting Deep Power-Down, V¢

must be within specified limits (See Recommended DC Operating Conditions).

The Deep Power-Down state is exited when CKE is registered HIGH, while meeting t;gcxg With a stable clock input.

The SDRAM must be fully re-initialized as described in the power up initialization Sequence. The SDRAM is ready
for normal operation after the initialization sequence is completed. For the description of ODT operation and
specifications during DPD entry and exit, see section On-Die Termination on page 69.

Tc
2 tCK (mln)

T T
— t”\” 3 =200 us (min)\ >
| |

Input clock frequency may be changed |
jor the input clock stopped during Deep Power-Down,

mN

| | | | | | | |
Csn A
| | | | | | | | | | | |
ow (i - ) W - | =]
I torp g
—_———>
Enter Deep Power-Down mode Exit Deep Power-Down mode
Figure 62 — LPDDR3: Deep power down entry and exit timing diagram
NOTE 1 Initialization sequence may start at any time after Tc.
NOTE 2 #n3, and Tc refer to timings in the LPDDR3 initialization sequence. For more detail, see Power-Up
and Initialization.
NOTE 3 Input clock frequency may be changed or the input clock can be stopped or floated during deep power-

down, provided that upon exiting deep power-down, the clock is stable and within specified limits for a minimum
of 2 clock cycles prior to deep power-down exit and the clock frequency is between the minimum and maximum
frequency for the particular speed grade.
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4.15 Input clock stop and frequency change

LPDDR3 SDRAMs support input clock frequency change during CKE LOW under the following conditions:

ICK (abs)min 1S met for each clock cycle;

Refresh requirements apply during clock frequency change;

During clock frequency change, only REFab or REFpb commands may be executing;

Any Activate or Precharge commands have executed to completion prior to changing the frequency;
The related timing conditions (fgcp, trp) have been met prior to changing the frequency;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

The clock satisfies fcpyaps) and /¢y (aps) for a minimum of 2 clock cycles prior to CKE going HIGH.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be required to
set the WR, RL etc. These settings may need to be adjusted to meet minimum timing requirements at the target clock
frequency.

LPDDR3 devices support clock stop during CKE LOW under the following conditions:

CK tis held LOW and CK c is held HIGH or both are floated during clock stop;

Refresh requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate or Precharge commands have executed to completion prior to stopping the clock;

The related timing conditions (fgcp, frp) have been met prior to stopping the clock;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

The clock satisfies fcpyaps) and /¢y (abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

LPDDR3 devices support input clock frequency change during CKE HIGH under the following conditions:

ICK (abs)min 1S met for each clock cycle;
Refresh requirements apply during clock frequency change;

Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to changing the frequency;

The related timing conditions (frcp, twr> f'wrA»> IRP IMRW> IMRR> €t€.) have been met prior to changing the
frequency;

CS_n shall be held HIGH during clock frequency change;
During clock frequency change, only REFab or REFpb commands may be executing;

The LPDDR3 SDRAM is ready for normal operation after the clock satisfies /-y aps) and fcy (aps) for a minimum
of 2*t-k + txp.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL etc.
These settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.

LPDDR3 devices support clock stop during CKE HIGH under the following conditions:

CK tis held LOW and CK c is held HIGH during clock stop;

CS_n shall be held HIGH during clock clock stop;

Refresh requirements apply during clock stop;

During clock stop, only REFab or REFpb commands may be executing;

Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to stopping the clock;

The related timing conditions (fgcp, fwRr»> f'wRA» IR IMRW- IMRR» €tC.) have been met prior to stopping the clock;

The LPDDR3 SDRAM is ready for normal operation after the clock is restarted and satisfies /cyyabs) and fcy (abs)
for a minimum of 2*f-y + txp.
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4.16 No Operation command

The purpose of the No Operation command (NOP) is to prevent the LPDDR3 device from registering any unwanted
command between operations. Only when the CKE level is constant for clock cycle N-1 and clock cycle N, a NOP
command may be issued at clock cycle N. A NOP command has two possible encodings:

1. CS_n HIGH at the clock rising edge N.
2.CS nLOW and CAO, CA1l, CA2 HIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst read or
write cycle.
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4.17 Truth tables

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the
LPDDR3 device must be powered down and then restarted through the specified initialization sequence before
normal operation can continue.

4.17.1 Command Truth Table

Table 24 — Command Truth Table

SDR Command Pins
CKE
SDRAM
Command
CK_t(n-1) | CK_t(n)
MRW H H
MRR H H
Refresh
(per bank) H H
Refresh
(all bank) H H
H
Enter L
Self Refresh
Activate
(bank) H H
Write
(bank) H H
Read
(bank) H H
Precharge 1!
(per bank, H H
all bank)
H
Enter L
Deep Power Down
NOP H H
Maintain
PD, SREF, DPD L L
(NOP)
see note 4
NOP H H
Maintain
PD, SREF, DPD L L
see note 4
H
Enter L
Power Down
L
Exit H
A -
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4.17.1 Command Truth Table (cont’d)

Notes to Table 24

NOTE 1 All LPDDR3 commands are defined by states of CS_n, CA0, CA1, CA2, CA3, and CKE at the rising
edge of the clock.

NOTE 2 Bank addresses BAO, BA1, BA2 (BA) determine which bank is to be operated upon.

NOTE 3 AP “high” during a READ or WRITE command indicates that an auto-precharge will occur to the
bank associated with the READ or WRITE command.

NOTE 4 “X” means “H or L (but a defined logic level)”, except when the LPDDR3 SDRAM is in PD, SREF,
or DPD, in which case CS_n, CK t/CK c, and CA can be floated after the required tCPDED time is satisfied,
and until the required exit procedure is initiated as described in the respective entry/exit procedure, See also Fig-
ure 31 on page 55, Figure 50 on page 72 and Figure 62 on page 77.

NOTE 5 Self refresh exit and Deep Power Down exit are asynchronous.

NOTE 6  Vrgr must be between 0 and Vppq during Self Refresh and Deep Power Down operation.

NOTE 7 CAxr refers to command/address bit “x” on the rising edge of clock.

NOTE 8 CAxf refers to command/address bit “x” on the falling edge of clock.

NOTE 9 CS nand CKE are sampled at the rising edge of clock.

NOTE 10 The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.

NOTE 11 AB “high” during Precharge command indicates that all bank Precharge will occur. In this case, Bank
Address is do-not-care.

NOTE 12 When CS_n is HIGH, LPDDR3 CA bus can be floated.
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4.17.2 CKE Truth Table

Table 25 — LPDDR3: CKE Table':2

Device Current State”> |CKE,_**|CKE,™| cs n*s| Commandn"® Operation n"® Device Next State Notes
. L L X X Maintain Active Power Down Active Power Down
Active
Power Down L H H NOP Exit Active Power Down Active 7
L L X X Maintain Idle Power Down Idle Power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 7
Maintain Resetting
L L X X
. Resetting Power Down Power Down
Resetting
Power Down . A Idle or
L H H NOP Exit Resetting Power Down . 7,10
Resetting
Maintain
L L X X Deep Power Down

Deep Power Down Deep Power Down

L H H NOP Exit Deep Power Down Power On 9
L L X X Maintain Self Refresh Self Refresh
Self Refresh
L H H NOP Exit Self Refresh Idle 8
Enter
Bank(s) Active H L H NOP Active Power Down
Active Power Down
Enter
H L H NOP Idle Power Down
Idle Power Down
Enter Enter
All Banks Idle H L L Self Refresh 11
Self-Refresh Self Refresh
Enter Enter
H L L Deep Power Down
Deep Power Down Deep Power Down
. Enter .
Resetting H L H NOP Resetting Power Down

Resetting Power Down

H H Refer to the Command Truth Table

NOTE 1 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
NOTE 2 "X’ means ‘Don’t care’.

NOTE 3 “Current state” is the state of the LPDDR3 device immediately prior to clock edge n.

NOTE 4 “CKE,” is the logic state of CKE at clock rising edge n; “CKE,_;” was the state of CKE at the previous clock edge.
NOTE 5 “CS_n” is the logic state of CS_n at the clock rising edge n;

NOTE 6 “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.

NOTE 7 Power Down exit time (¢xp) should elapse before a command other than NOP is issued. The clock must toggle at least
twice during the typ period.

NOTE 8 Self-Refresh exit time (txgg) should elapse before a command other than NOP is issued. The clock must toggle at least
twice during the tygp time.

NOTE 9 The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of the Func-
tional Description.

NOTE 10 Upon exiting Resetting Power Down, the device will return to the Idle state if #15 has expired.

NOTE 11 In the case of ODT disabled, all DQ output shall be Hi-Z. In the case of ODT enabled, all DQ shall be terminated to
VDDQ.
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4.17.3 State Truth Tables
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 banks.

Table 26 — Current State Bank n - Command to Bank n

Current State Command Operation Next State NOTES
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (Per Bank) Begin to refresh Refreshing (Per Bank) 6
Refresh (All Bank) Begin to refresh Refreshing(All Bank) 7
Idle MRW Write value to Mode Register MR Writing 7
MRR Read value from Mode Register dle .
MR Reading
Reset Begin Device Auto-Initialization Resetting 8
Precharge Deactivate row in bank or banks Precharging 9,14
Read Select column, and start read burst Reading 11
Row Write Select column, and start write burst Writing 11
. . Active
Active MRR Read value from Mode Register MR Reading
Precharge Deactivate row in bank or banks Precharging 9
Reading Read Select column, and start new read burst Reading 10, 11
Write Select column, and start write burst Writing 10, 11,12
Writing Write Select column, and start new write burst Writing 10, 11
Read Select column, and start read burst Reading 10, 11,13
Power On Reset Begin Device Auto-Initialization Resetting 8
Resetting MRR Read value from Mode Register Resetting MR Reading

NOTE 1 The table applies when both CKEn-1 and CKEn are HIGH, and after fygg or fxp has been met if the previous state was
Power Down.

NOTE 2 All states and sequences not shown are illegal or reserved.
NOTE 3 Current State Definitions:

Idle: The bank or banks have been precharged, and 7z p has been met.

Active: A row in the bank has been activated, and 7y cp has been met. No data bursts / accesses and no register accessesare in

progress.
Reading: A Read burst has been initiated, with Auto Precharge disabled.
Writing: A Write burst has been initiated, with Auto Precharge disabled.

NOTE 4 The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable com-
mands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other banks
are determined by its current state and Table 2, and according to Table 3.

Precharging: starts with the registration of a Precharge command and ends when #gp is met. Once fgp is met, the bank will be in the

idle state.
Row Activating: starts with registration of an Activate command and ends when #gcp is met. Once g p is met, the bank will be in

the ‘Active’ state.
Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when ¢z p has been

met. Once fgp has been met, the bank will be in the idle state.
Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when #gp has been met.
Once tgp is met, the bank will be in the idle state.
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NOTE 5 The following states must not be interrupted by any executable command; NOP commands must be applied to each pos-
itive clock edge during these states.

Refreshing (Per Bank): starts with registration of a Refresh (Per Bank) command and ends when frpcpyp is met. Once frgcp, is
met, the bank will be in an ‘idle’ state.

Refreshing (All Bank): starts with registration of an Refresh (All Bank) command and ends when tgpc,p, is met. Once fRpcyp 18
met, the device will be in an ‘all banks idle’ state.

Idle MR Reading: starts with the registration of an MRR command and ends when #gr has been met. Once #ygr has been
met, the bank will be in the Idle state.

Resetting MR Reading: starts with the registration of an MRR command and ends when £\ gr has been met. Once #\ g has
been met, the bank will be in the Resetting state.

Active MR Reading: starts with the registration of an MRR command and ends when # g has been met. Once # g has been
met, the bank will be in the Active state.

MR Writing: starts with the registration of an MRW command and ends when #ryw has been met. Once #grw has been met,
the bank will be in the Idle state.

Precharging All: starts with the registration of a Precharge-All command and ends when R p is met. Once fRp is met, the bank
will be in the idle state.
NOTE 6 Bank-specific; requires that the bank is idle and no bursts are in progress.
NOTE 7 Not bank-specific; requires that all banks are idle and no bursts are in progress.
NOTE 8 Not bank-specific reset command is achieved through Mode Register Write command.

NOTE 9 This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre-
charging.

NOTE 10 A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is
enabled.

NOTE 11 The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.
NOTE 12 A Write command may be applied after the completion of the Read burst, burst terminates are not permitted.
NOTE 13 A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.

NOTE 14 If a Precharge command is issued to a bank in the Idle state, tgp shall still apply.
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4.17.3 State Truth Tables (cont’d)
Table 27 — Current State Bank n - Command to Bank m
Next State for
Current State | Command for Fjaertion NOTES
of Bank n Bank m Bank m
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m - 18
Activate Select and activate row in Bank m Active 6
Read Select column, and start read burst from Bank m Reading 7
.ROW Ac.tlvat— Write Select column, and start write burst to Bank m Writing 7
ing, Active, or
Precharging Precharge Deactivate row in bank or banks Precharging 8
. Idle MR Reading or
MRR R lue from Mode Regist: 10, 12
ead value from Mode Register Active MR Reading 9,10,
Read Select column, and start read burst from Bank m Reading 7
Reading Write Select column, and start write burst to Bank m Writing 7,13
(Autoprecharge - - - -
disabled) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,15
Writing Write Select column, and start write burst to Bank m Writing 7
(Autoprecharge - - - -
disabled) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,14
Reading with Write Select column, and start write burst to Bank m Writing 7,13, 14
Autoprecharge Activate Select and activate row in Bank m Active
Precharge Deactivate r