4Gb/8Gb LPDDR2-S4 SDRAM <8s>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) MATNSA

Feature

Double-data rate architecture; two data transfer per clock cycle

Bidirectional, data strobe (DQS, D Q His transmitted/received with data, to be used in capturing data at the receiver
Differential clock inputs (CK and C K

Differential data strobe (DQS and D Q

Commands & addresses entered on both positive & negative CK edge; data and data mask referenced to both edges of DQS
Eight internal banks for concurrent operation

Data mask (DM) for write data

Programmable Burst Lengths: 4 ,8 or 16

Burst type: Sequential or interleave

Programmable RL (Read latency) & WL (Write latency)

Clock Stop capability during idle period

Auto Pre-charge for each burst access

Configurable Drive Strength (DS)

Auto Refresh and Self Refresh Modes

Optional Partial Array Self Refresh (PASR) and Temperature Compensated Self Refresh (TCSR)

Deep Power Down Mode (DPD)

HSUL_12 compatible inputs (High Speed Undermanaged Logic 1.2V)

VDD2/VDDCA/VDDQ= 1.14~1.3V; VDD1= 1.70~1.95V

H H |

Configuration and Addressing

Device Type S4 S4

Number of Banks 8 8
Bank Addresses BAO-BA2 BAO-BA2

Row RO-R13 RO-R13

x32
Column C0-C9 C0-C9
1
REV 1.1

04/2013



4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

Options
VDD1/vDD2/VDDQ/VDDCA
-1.8V/1.2V/1.2V/1.2V (S4B)
RoHS compliance and Halogen free

Package
-134-Ball BGA 11.5mm x 11.5mm 0.65mm pitch
-168-Ball PoP 12mm x 12mm 0.5mm pitch
-216-Ball PoP 12mm x 12mm 0.4mm pitch
-220-Ball PoP 14mm x 14mm 0.5mml pitch
-240-Ball PoP 14mm x 14 mm 0.5mm pitch

Timing i cycle time
-1.875ns @ RL=8(533MHz i DDR1066)
-2.5ns @ RL=6 (400MHz i DDR800)
-3.0ns @ RL=5 (333MHz i DDR667)
Operating temperature range
-Commercial (-25 to+85 )

-Industrial ((40 to+85 )
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4Gb/8Gb LPDDR2-S4 SDRAM <8s>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) MNARNYA

Description

LPDDR2-S4 uses the 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/Row Buffer information. Each command uses one clock cycle,

during which command information is transferred on both the positive and negative edge of the clock.

To achieve high-speed operation, our LPDDR2-S4 SDRAM uses the double data rate architecture and adopt 4n-prefetch interface
designed to transfer two data per clock cycle at the I/O pins. A single read or write access for the LPDDR2-S4 effectively consists
of a single 4n-bit wide, one clock cycle data transfer at the internal SDRAM core and four corresponding n-bit wide,
one-half-clock-cycle data transfer at the 1/0 pins. Read and write accesses to the LPDDR2-S4 are burst oriented; accesses start

at a selected location and continue for a programmed number of locations in a programmed sequence.

For LPDDR2-S4 devices, accesses begin with the registration of an Active command, which is then followed by a Read or Write
command. The address and BA bits registered coincident with the Active 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.
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4Gb/8Gb LPDDR2-S4 SDRAM

NT6TL128M32AI(Q)/NT6TL256T32AQ =
NT6TL256T32AS/NT6TL128T64AR(3/5) ARG
Ordering Information
Speed
Density Organization Part Number Package tek Clock Data Rate AL
(ns) (MHz) (Mb/s/pin)
NT6TL128M32AI-GO 134-Ball BGA 1.875 533 1066 8
NT6TL128M32AI-G1 | 11.5mm x 11.5mm 25 400 800 6
NT6TL128M32AI-G2 0.65mm pitch 3.0 333 667 5
4Gh 128M x 32
NT6TL128M32AQ-GO 168-Ball PoP 1.875 533 1066 8
NT6TL128M32AQ-G1 12mm x 12mm 25 400 800 6
NT6TL128M32AQ-G2 0.5mm pitch 3.0 333 667 5
NT6TL256T32AQ-GO 168-Ball PoP 1.875 533 1066 8
8Gh 256M x 32 NT6TL256T32AQ-G1 12mm x 12mm 2.5 400 800 6
NT6TL256T32AQ-G2 0.5mm pitch 3.0 333 667 5
NT6TL256T32AS-GO 216-Ball PoP 1.875 533 1066 8
8Gh 256M x 32 12mm x 12mm
NT6TL256T32AS-G1 0.4mm pitch 2.5 400 800 6
NT6TL128T64AR-GO 216-Ball PoP 1.875 533 1066 8
NT6TL128T64AR-G1 12mm x 12mm 2.5 400 800 6
NT6TL128T64AR-G2 0.4mm pitch 3.0 333 667 5
8Gh 128M x 64
NT6TL128T64A5-GO 220-Ball PoP 1.875 533 1066 8
NT6TL128T64A5-G1 14mm x 14mm 2.5 400 800 6
NT6TL128T64A5-G2 0.5mml pitch 3.0 333 667 5
240-Ball PoP
8Gh 256M x 64 NT6TL256F64A3-GO 14mm x 14 mm 1.875 533 1066 8
0.5mm pitch
Industrial
NT6TL128T64AR-GOI 216-Ball PoP 1.875 533 1066 8
8Gh 128M x 64 NT6TL128T64AR-G1I 12mm x 12mm 25 400 800 6
NT6TL128T64AR-G2I 0.4mm pitch 3.0 333 667 5
4
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4Gb/8Gb LPDDR2-S4 SDRAM <8s>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) MNARNYA

NANYA Mobile Component/Wafer Part Numbering Guide

NT 6T L 128M32 | | A m — | G1

Grade
NANYA

| =Industrial Grade
Technoloay

N/A=Commercial Grade
Product Family L Speed
6S=LFSDRSDRRAM ¢ LPSDR

S1= 166MHz @ CL=
S2=133MHz @ CL=

6D=LAMDR SDRAM
6V=LADDR2S2SDRAM

LPDDR

6T=LFDDR2S4SDRAM T1=5.0ns @ CL=3

6X=LPSDR/DDR comb T2=5.4ns @ CL=3

6Y=LADDR252/S4comb T3=6.0ns @ CL=3
T4=7.5ns @ CL=3
T5=T3&S2

Interface & Power (¥p& Vbpo T6=T1&S1

M = LVCMOS (1.8V, 1.8V) ) LPDDRS2

T1=5.0ns @RL=3
T3=6.0ns @ RL=3

N=LVCMOS (1.8V, 1.2V)

Interface & Power (VDl: VDDZ: VDDQ s VDDC&

LPDDR%4
L=HSUL_12 (1.8V, 1.2V, 1.2V, 1.2V) G0=1.875ns@ RL8
H=H®L 12 (1.8V, 1.35V, 1.2V, 1.2V) G1=2.5ns @ RL=6
G2=3.0ns @ RL=5
Organization(Depth, Width):M=Mono; T=DDP; FQDB G3=3.7ns @ RL=4
256Mb =16M16=8M32=8M32F G4=15.0ns @ RL=3
4—
512Mb =32M16=16M32=16M32R Package Code
1Gb =64M16=32M32=32M32R G= 54Ball BGALPSDR, x16)
2Gb =256M8=128M16=64M32=64M32R L___» Device Version D= 60Ball BGALPDDRX16
= = = —_ st .
4Gb =256M16=128M32=64T64 A= T'version K= 90Ball BGALPSDR3
8Gb =128F64= 256F32=128T64=256T32 B= 2“version

C= 9-Ball BGALPDDRX32
C= 3’ version A=79-Ball BGALPDDRX1§

| = 134Bal BGA (LPDDR2, x32)
Q= 168Ball POR/FBGA (LPDDR
R= 216Ball PoP/FBGA (LPDDR:
3= 240Ball POP/FBGA (LPDDR!
5= 220Ball POP/FBGA (LPDDR:

0= Wafer (KGD)
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ =
NT6TL256T32AS/NT6TL128T64AR(3/5) MNARNYA

Block Diagram i Single Die, Single Channel Package

Vo1 Vooz Vooo Vooca Vss

]

V — L
REFCA Vaerpo
ZQ
CS0# - RZQ
CKED — = =
cK -
ke . LPDDR2
Die D
DM -
CA 90 -
~DQ, DQS

Block Diagram i iDual Die, Single Channel Package

1II"r::IIIZ'1 1""I.::I::IE 1II"I.I:ll:l'f.? 1""I.I:I:Illi:.l!-. 1I|"rSS-

e

VREFCA —=d 7=— Veeroo
S+
CEE1 A
%’ 00
CS0# -
RZQ
CKED - i
CK -
LPDDR2Z LPDDRZ
CK# - . - .
Die O Die 1
OmA - -
CA 90 - -
= DO[31:0], DOS5S
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

Block Diagram i Dual Die, Dual Channel Package

Voo1 Vopz Vooo Vopoca Vss

Ny

VREFCA —=d = Vrerpo
(b) (b)
Fi]
CS0# RZQ
CEED =
CK
LPDDR2
CE# .
Die O
DA
A Q0
—= 31:0
Das
20
C50# RZQ
CEED =
CK
LPDDRZ
CE# N
Die 1
D pA
CA 90
——=[() 31:0
Das
VREFCA —= I~ Veerpo
(a) (a)
7
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

Pin Configuration T 134 balls BGA-VFBGA Package

< TOP View>

See the balls through the package

VSS VSSQ VSSQ
DQS3_t | DQS3 ¢
N/C N/C
DM3
N/C

Vref(CA)

DQS1_c | DQSI_t

J Vref(DQ)
K CKEO CKE1 CKE2

L CSs0_n CS1ln CS2.n DQSO0_c

M CA4 CA3 CA2

DM2
N/C
DQS2_t | DQS2 ¢
N/C N/C
vss VSSQ VSSQ

Note: 1. 11.5x11.5 mm, 0.65mm pitch
2. 134 Ball Count

3. Top View, Alin Top Left Corner
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) MNANYA
Pin Configuration T 168 balls PoP-VFBGA Package
< TOP View>
See the balls through the package
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
A| DNU DNU VSSQ VSSQ VSSQ |DQS3_c VSS DNU DNU |A
B DNU DNU VSS DQS3_t DM3 DNU DNU (B
C VSS VSSQ ‘C
D D
E LpoDR DQ E
E LPDDR2CA VssQ |F
G Power G
H Ground H
J Do Not Use VssQ | J
K 2Q K
L -m DML |L
M VSS Vref(DQ) | VSS ‘M
N DMO ‘N
P| zqo | vref(cA) DQSO_c | VSSQ ‘P
R VSS DQSO0_t ‘R
T CA9 CA8 T
u| ca7 VsSsQ |u
V | VSSCA CA6 A
w CA5 w
Y VSSQ |Y
AA| VSS AA
AB| DNU DNU CS0_n|CS1n CA1l |VSSCA | CA3 CA4 Vss DM2 DNU DNU |AB
AC| DNU DNU CKEO | CKE1 5 CAO CA2 ZQ1 |VSSQ VSSQ VSSQ VSS DNU DNU |AC
Note: 1. 12x12 mm, 0.5mm pitch

2.168 Ball Count

3. Top View, Al in Top Left Corner
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AGb/8Gb LPDDR2-S4 SDRAM <88 >
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) PIARNGA

Pin Configuration T 216 balls PoP-VFBGA Package (Channel B)

< TOP View>

See the balls through the package

9 10 11 12 13 14 15 16 17 18 19 20 21

AB

AC

AD

AE

AF

AG

AH

Note: 1. 12x12 mm, 0.4mm pitch
2. 216 Ball Count

3. Top View, Al in Top Left Corner

10
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) ARG
Pin Configuration T 216 balls PoP-VFBGA Package (Dual Channel)
< TOP View>
See the balls through the package
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
C [}
0 .
E SSQ_a E
F VSSQ_b F
G ogszta |oeszca| G
H ISSQ_a H
J VSSQ_b J
K | beszeb | boszib chan K
L VssQ.a L
M vssgb | [Erower M
R Vref(0Q) b 20 vss.b R
. - .
" '
Y Y
AC AC
AD | besich | pesitb AD
AG Qb AG

Note: 1. 12x12 mm, 0.4mm pitch

2. 216 Ball Count

3. Top View, Al in Top Left Corner
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

A

AB

AC

AD

AE

AF

AG

Pin Configuration T 220 balls PoP-VFBGA Package (Dual Channel)

) VSSQ_b | VDDQ_b [N) DQ AOLONE DQ0 b DQ8b DQSL_t b WibeN

< TOP View>

See the balls through the package

13 14 15 16 17 18 19 2

0015 b RSO D3 b DL b [ESeRE DQ9 b ". VIR VSSQ b

Vief(DQ)_
b

1 2 3 4 5 6 7 8
DNU  |FVSSTh USSR D029 b DQ28 b WANONN DQ25 b DQ
VDD1 b | VACC |VDDQ b bl DQ30_b |NDDIKN DQ27 b DQ

VDDQ_a
VSSQ a ‘
VDDQ a
VSSQ a ‘
VSSQ a ‘ Channela
\VDDQ a Channel b
VSSQ a ‘ Powera
VDDQ_a Powerb
VSSQ a ‘ Ground
VDDQ a Do notuse
VSSQ a ‘ -ZQ
VDDQ_a
VSS_ a VSSQ_a% VDD1 a | VDD1-b
VDDl a
VSS_ a VSS a | VSSb
VSSQ a ‘
VDDQ a
VSSQ a ‘
VSSQ a
VSS a | VDDQ_a VDDQ_a VD1 a |VDDCA b el
DNU VSSQ a | VDDQ_a VSSQ a

CAT b VDDCA b

vSSCA b [ROTT G VI SS b [VSSCA b

Note: 1. 14x14 mm, 0.5mm pitch, 27 rows

2. 220 Ball Count

3. Top View, Al in Top Left Corner

REV 1.1
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2
VSS b

VDD1h

PPN
2 2 24 25 26 21
".' ol VSSQ b | VSS b | DU
DMO_b  DQS0_t b KON DQ6 b VAN
DQ! DQ
VDDQ b EexHd
DQ DI/ VSSQ b
vDDQ b NN
DM2.b DQ VSSQ_b
nI -
DQ21b DQ22 b KA
VDDQ_b IO
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) MNARNYA
Pin Configuration T 240 balls PoP-VFBGA Package (Dual Channel)
< TOP View>
See the balls through the package
1 2 3 16 17 18 19 20 21 22 23 24 25 26 27
A DNU | VSS ab | vDD2_a [GKSMEM VDDQ a | VSSQ a o7 ENe W0 R W VI W IR GKIEN VSSQ a | VDDQ a [IEM VSSQ a | VrefdQ a| VDDL a | VDDQ a | VSSQ a [EerAENe; VSSQa |VDDQ a | VDDL a | VSSQ a | DNU
I RSSO O RSSO DQ30 a  DQ29_a DQ27_a DQS;J* DQl4a DQI2a DQIla DQYa DQS;*“? VDDQ_a | VSS_alb | VDD2_a Q DMa DQ6a DQ D DQ DEW NC | Vs ab
Cc | voDia ) DQSL_t a DQSO0_t a \DDQ_a DQ W VDD2 a
D \DDQ_b \DDQ_a bQ
vsso_b‘ VSSQ_a [l DQ23_a
DQ \DDQ_a
\VDDQ_b DQ DIZEN VSSQ a
VSSQ_b DQ )
DDQ_b (Channel b voDQ a [ DQ16
VSSQ_b Channel a VSSQ_a | VDD2_b
\DDQ_b Power a ‘ VDDL_b | VSS_alb
VSSQ_b Power b VSSCA b
\DDQ_b ‘ Ground ‘ VDDCA b
Do not use
\VDDQ_b 2Q
VSSQ_b | VS al
VielDQ_b | VSS_alb VDD2_b |VDDCA b|VSSCA b
VDDL_b | VDDL_b VSS_al | VrefCA b
VDD2_b | VDD2_b ‘ ‘ VDDCA b [ VSSCA b
VDD b | VSSQ
M ‘ VDD2_b
AB \DDQ_b VsS_ab | ZQb
AC VSSQ_b ‘ DNU | DNU | VDDLb
AD DNU DNU
AE | vDDL b VSSQ_b VDD2_a DNU | DNU
AF | VSSQ.b | vDDQ b \DDQ b VDDQ b | VSSQ.b | vsS ah [IEREWYAPW \DDCA a| VSS_ab DNU | DNU | DNU | DNU
AG DNU | VSS_ab | VDD2_b VDDQ_b | VSSQ_b VDD1_a VrefCA a DNU DNU DNU DNU
1 2 3 4 5 6 7 8 9 10 1 23 24 25 26 27

Note: 1. 14x14 mm, 0.5mm pitch, 27 rows
2. 240 Ball Count

3. Top View, Al in Top Left Corner
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

Package Dimensions (134 balls; 11.5mm x 11.5mm)
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A 0.25010.275(10.315
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5)

Package Dimensions (168 balls; 12mm x 12mm)
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Dimension in mm
REF. :

Min [ Nom | Max
A 0.790
AT 0.25010.27510.315

AZ 0410 | ——

0.470

ole} 0.30 | 0.53

0.36

0 11.80| 12.00| 12.10
D1 11.00 BSC
E 119.0| 12.00/ 12.10

E1 11.00 BS

C

SE 0.50 BSC

sSD 0.50 BSC

< 0.50 BSC




4Gb/8Gb LPDDR2-S4 SDRAM

NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5)
Package Dimensions (216 balls; 12mm x 12mm)
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Dimension i mm
Min Max

Nom

0.690

Al

0.150 0.210

AZ

0.410 0.470

b

0.22 | 0.25 | 0.28

11.90| 12.00{ 12.10

D1

11.20 BSC

119.0] 12.00] 12.10

=y

11.20 BSC

SE

0.40 BSC

SD

0.40 B5C

|
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4Gb/8Gb LPDDR2-S4 SDRAM <8s>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) MNARNYA

Pac kage Dimensions (220 balls 14mm x 14mm)
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REF. ,
Min | Nom | Max
A — | — | 0.790
A 0.250[0.275]0.315
AZ 0.410 | —— [ 0.470
b 0.30 | 0.33 | 0.36
D 14.00 BSC
D1 15.00 B5C
E 14.00 BSC
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Pac kage Dimensions (240 balls 14mm x 14mm)
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Al 0.2500.275]10.315
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4Gb/8Gb LPDDR2-S4 SDRAM @
NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) MATNSA
Input / Output Functional Description
Symbol Type Function
Clock: CK and C Kare differential clock inputs. All Double Data Rate (DDR) CA input signals are
CK,CK Input sampled on both positive and negative edge of CK. CS_n and CKE inputs are sampled at the positive
edge of CK. AC timings are referenced to clock.
Clock Enable: CKE high activates, and CKE low deactivates internal clock signals, and device input
CKE Input buffers and output drivers. Power saving modes are entered and exited through CKE transitions. CKE is
considered part of the command code. CKE is sampled at the positive Clock edge.
Chip Select: CS_n is considered part of the command code. CS_n is sampled at the positive Clock
CS_n Input
edge.
Command/Address Inputs: Uni-directional command/address bus inputs. Provide the command and
CAOi1 CA9 Input
address inputs according to the command truth table. CA is considered part of the command code.
Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is sampled
HIGH coincident with that input data during a Write access. DM is sampled on both edges of DQS.
DMO0-DM3 Input Although DM pins are input-only, the DM loading matched the DQ and DQS (or DQ
DMO corresponds to the data on DQ0-DQ7, DM1 corresponds to the data on DQ8-DQ15, DM2
corresponds to the data on DQ16-DQ23, and DM3 corresponds to the data on DQ24-DQ31.
DQO0-DQ31 Input/output |Data Bus: Bi-directional Input / Output data bus.
Data Strobe (Bi-directional, Differential): The data strobe is bi-directional (used for read and write
data) and Differential (DQS and D Q $ It is output with read data and input with write data. DQS is
DQS,DQ S edge-aligned to read data, and centered with write data.
Input/output
DQS0-3,DQS0 - 3 DQSO0 & D Q Sébrresponds to the data on DQO-DQ7, DQS1 & D Q Sdorresponds to the data on
DQ8-DQ15, DQS2 & D Q S @rresponds to the data on DQ16-DQ23, DQS3 & D Q S &rresponds to the
data on DQ24-DQ31.
NC - No Connect: No internal electrical connection is present.
Reference Pin for Output Drive Strength Calibration. External impedance (240-ohm): this signal is
22 ineut used to calibrate the device output impedance.
VDDQ Supply DQ Power Supply: Isolated on the die for improved noise immunity.
VssQ Supply DQ Ground: Isolated on the die for improved noise immunity.
VbbDCcA Supply Command / Address Power Supply.
Vssca Supply Command / Address Ground: Isolated on the die for improved noise immunity.
Reference Voltage: VRerDQ is reference for DQ input buffers. VRerca is reference for Command /
VREFDQ, VREFCA Supply
Address input buffers.
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NT6TL128M32AI(Q)/NT6TL256T32AQ
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Symbol Type Function
VDD1 Supply Core power supply 1.
VDD2 Supply Core power supply?2.
Vss Supply Common Ground.

Notes: Data includes D@nd DM.
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4Gb/8Gb LPDDR2-S4 SDRAM @

NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) PARNEA

Simplified State Diagram

[ /oo \
Power { Power DPD¥ [ ?p. !
= g fower |
\ K'I ‘. Down ’/.-
P \'-\\___ o —
- RES r— —
/ HeseﬂiQ_ MRR: E&x” ™~ P
[ MR - —— Y f Y
h ! i Self
'-\\Rem:llng/__-" --_-_-*I', Resetting f ooD |I Refreshing .:
- A\ A
PO ____,.-_-_'_,.Jr e _ -
—.
I I p
/ Resel:ti:.';'\f.--"" POx o S
Fower | d ™
Cown / 4 \{"; REF ."'/ Y
~| el = ¥ Fefreshing |
, /
S o

—— 4 tomatic Sequence

—— ¥ Command Sequence

1 - WRA RDA — -I"
WRA RDA
3 R
rs “'h\j. =,
£ witing PR, PRA [ Reading N
with | | with |
\Putoprechargs/ \fatoprecharge |
\_\_ A - ~
— L o
( Pracharging)|
N
Abbreviation Function Abbreviation Function Abbreviation Function
ACT Active PD Enter Power Down REF Refresh
RD(A) Read (w/ Autoprecharge) PDX Exit Power Down SREF Enter self refresh
WR(A) Write (w/ Autoprecharge) DPD Enter Deep Power Down SREFX Exit self refresh
PR(A) Precharge (All) DPDX Exit Deep Power Down
MRW Mode Register Write BST Burst Terminate
MRR Mode Register Read RESET Reset is achieved through MRW command

Notes: 1For LPDDR24 SDRAM in the idle state, all banks are precharged.
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Absolute Maximum Ratings

Symbol Parameter Min Max Units
Vbbp1 Voltage on Vpps pin relative to Vss -0.4 2.3
Vb2 Voltage on Vpp pin relative to Vss -0.4 1.6 \%
Vbbpea Voltage on Vppca pin relative to Vss -0.4 1.6 \%
Vobo Voltage on Vppg pin relative to Vss -0.4 1.6 \%
Vin, Vout | Voltage on any pin relative to Vss -0.4 1.6 \%
Tstg Storage Temperature (plastic) -55 +125 C
Notes:

1. Stresses greater than those listed undébsolute Maximum Ratingsnay cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those idditsibe operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability.

2. Storage Temperature is the case surface temperature on the center/top side of the DRAM. Foremesg conditions, refer to
the JESD52 standard.

3. VDD2 and VDDQ / VDDCA must be withirVB0Of each other at all times.
4. Voltage on any I/O may not exceed voltage on VDDQ); Voltage on any CA input may not exceed voltage on VDDCA.
5. VREF must always be |#&san all other supply voltages.

6. The voltage difference between any VSS, VSSQ, or VSSCA pins may not exéeed 100
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NT6TL128M32AI(Q)/NT6TL256T32AQ

NT6TL256T32AS/NT6TL128T64AR(3/5) PARNEA
AC/DC Operating Conditions
DC Operating Conditions
Symbol Parameter Min Norm Max Unit | Notes
Power Supply
Vbb1 Core Supply voltage 1 1.70 1.80 1.95 \%
Vbp2 Core Supply voltage 2 1.14 1.20 1.30 \%
Vobca Input Supply Voltage (Command / Address) 1.14 1.20 1.30 \%
Vooo 1/0 Supply voltage (DQ) 1.14 1.20 1.30 \Y
Leakage current
Input leakage current
I AnyinputO j Vinj Vooo/ Vooca, -2 - 2 Ua 1
All other pins not under test = OV
Vrer leakage current; Vrerpg = Vopo/2 or
Ivrer Vrerca = Vopea/2 (all other pins not under test -1 - 1 Ua 1
=0v)
Notes:

1. The minimum limit requirement is for testing purposes. Thedggakcurrent on VREFCA and VREFDQ pins should be minimal.
Although DM is for input only, the DM leajeshall match the DQ and DQ® Q S output leakagespecification.

Temperature Range

Symbol Parameter / Condition Min Norm Max Unit Notes
Tcase Commercial -25 - +85 C
Tease Industrial (IT) -40 - +85 C
Notes:

1. Operating temperature is the case surface temperature at the center of the top side déthiee. For measurement conditions,
refer to the JESD52 standard.

2. Either the device case temperaftir NI GAy 3 2NJ §KS GSYLISNIGdzZNE aSyaz2Nl o {
be used to set an appropriate refresh rate, determine the need for AC timimgtotgy and/or monitor the operating
temperature (SDRAM and NVM). When using the temperature setioactual device case temperature may be
higher than the ®Perating that applies for the Standard or Extended Temperature Ranges. For exaondendy
be above 85C when the temperature sensor indicates a temperature of less tharc85
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NT6TL128M32A1(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) PARNEA
AC/DC Input Measurement Level
AC and DC Logic Levels for Single-Ended Signals
CA inputs (Address and Command) and C Sinputs
LPDDR2 1066-466 LPDDR2 400-200
Symbol Parameter Unit | Notes
Min Max Min Max
_ VRerca + VRerca +
Vincaic) JAC Input logic HIGH voltage - - Mv
220Mv 300Mv
_ VRErca + VRerca +
Vincapc) |DC Input logic HIGH voltage Vbbca Vbbca Mv
130Mv 200Mv
. VREFCA T VREFCA T
Vitcaic)  |AC Input logic LOW voltage - - Mv
220Mv 300Mv
. VREFCA T VREFCA T
Viicape)  |DC Input logic LOW voltage Vssca Vssca Mv
130Mv 200Mv
0.49 x 0.51x 0.49 x 0.51x
Vrercapc) |Reference voltage for CA and C Sinputs \Y
Vbbca Vbbca Vbbca Vbbca
Data inputs (DQ & DM)
) VRerpq + VRerpq +
Viipoic)  JAC Input logic HIGH voltage - - Mv
220Mv 300Mv
) VRerpq + VRerpq +
Vihoope)y |DC Input logic HIGH voltage Vopo Vopo Mv
130Mv 200Mv
. Vrerpq 1 VRerpg T
ViLboac)  |AC Input logic LOW voltage - - Mv
220Mv 300Mv
. Vrerpq 1 VRerpg T
Vibope)  [PC Input logic LOW voltage Vssag Vssqg Mv
130Mv 200Mv
0.49 x 0.51 x 0.49 x 0.51 x
Vrerpopc) [Reference voltage for DQ and DM inputs \Y
Vbbpo Vbpo Vbpo Vbbpo
Clock enable inputs (CKE)
Symbol Parameter Min Max Unit | Notes
Vineke (ac)  [CKE AC Input HIGH voltage 0.8 * Vppca - V
Vieke (ac)  |[CKE AC Input LOW voltage - 0.2 * Vppca V
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4Gb/8Gb LPDDR2-S4 SDRAM <85>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) PARNEA

Notes:

2. Vppeand VbpdVppcamust be within 20Mv of each other all the times.

3. C2NJ +w9C RSOAlLGAZ2Y G(G2f SNpageQEd> NBFSNI 12 a+w9C ¢2f SN} yOS¢
4. Vppand \hpgmust track each other andp¥gmust be less than or equal tg,y

5. All voltages referenced tog¥

6. All parameters assume proper device initialization.

7. Tests for AC timingd, and electrical AC and DC characteristics may be condattezminal supply voltage levels, but the
related specifications and device operation are guaranteed for the full voltage and temperature range specified.

8. The typical value of 3 (acjs expected to be about 0.5 xp6of the transmitting device anddy ac)is expected to track variations
in Vbpo Vox (acindicates the voltage at which differential output signals must cross.

9. The minimum limit requirement is for testing purposes. The leakage current on VREFCA and VREFDQ pins should be minimal.
Although DMs for input only, the DM leakg shall match the DQ and DQ® Q S _output leakagespecification.
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4Gb/8Gb LPDDR2-S4 SDRAM
NT6TL128M32AI(Q)/NT6TL256T32AQ e
NT6TL256T32AS/NT6TL128T64AR(3/5)

Vgsee Tolerance

The DC tolerance limits and AC noise limits for the reference voltages Vrerca and Vrerpg are illustrated bellow. This figure shows
a valid reference voltage Vrer(t) as a function of time. VDD is used in place of Vppca for Vrerca, and Vppg for Vrerpo. Vrer(pe) iS
the linear average of Vgeg(t) over a very long period of time (e.g., 1 second) and is specified as a fraction of the linear average of
Vbpo Or Vppea, also over a very long period of time (e.g., 1 second). This average must meet the MIN/MAX requirements.
Additionally, Vrer(t) can temporarily deviate from Vrerpc) by no more than £1% VDD. Vrer(t) cannot track noise on Vppg Or Vopca

if doing so would force Vrer outside these specifications.

. VoD

VREFAC) Nolse WREF(t)

Voltage

WREFIDC)min

Wiss

Time

Vrer DC Tolerance and Vgee AC Noise Limits

The voltage levels for setup and hold time measurements Vnac), Viioc), Vivac), and Viypc) are dependent on Vger. Vrer DC
variations affect the absolute voltage a signal must reach to achieve a valid HIGH or LOW, as well as the time from which setup
and hold times are measured. When Vgee is outside the specified levels, devices will function correctly with appropriate timing

deratings as long as:

A re¥is maintained between 0.44 X Vppo (0 Vopea) and 0.56 x Vopg (0r Vopea), and the controller achieves the required

single-ended AC and DC input levels from instantaneous Vree.
System timing and voltage budgets must account for Vger deviations outside this range.

The setup/hold specification and derating values must include time and voltage associated with Vree AC noise. Timing and
voltage effects due to AC noise on VREF up to the specified limit (+1% VDD) are included in LPDDR2 timings and their

associated deratings.
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4Gb/8Gb LPDDR2-S4 SDRAM

NT6TL128M32AI(Q)/NT6TL256T32AQ

LA™
NT6TL256T32AS/NT6TL128T64AR(3/5)
Input Signal
VIL and YiH levels with ringback
1.550V VoD + 0.35V narrow
pulse width
1.2000
Minimum ViL and VIH levels Voo
08200 VIHAD 0.820V WIH{AC)
0.7300 0.730V VIHDC)
0.624V 0.624V .
~t— \/REF + AC noise
0612V 0612V st— VREF + DC error
0.600V 0.600V ~ i ikl Ay
0.588V 0.588V * i A
0.576v 0.576y --a— \/REF - AC noise
0.4700 0.470VW Viupo
0.380V 0.380V ViLac)
VIL{AC)
0.000V \ss
=0.350V W5 - 035V narrow
pulse width
LPDDR2 466-1066 Input Signal
Notes:

1. Numbers reflect typical values.

2. For CA[9:0], CK, C KC S and CKE, Vbp stands for Vbbca. For DQ, DM, DQS, and D Q SVbp stands for VbbQ.

3. For CA[9:0], CK, C KC S and CKE, Vss stands for Vssca. For DQ, DM, DQS, and D Q SVss stands for Vssq.
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Input Signal (Continued)

VIL and VIH levels with ringback

1.550V VDD + 035V narrow
pulse width
1.2000
Minimum ViL and VIH levels Voo
0.900V VIHIAC) 0.900V WIHIAC)
0.800V 08000 VIHDC)
0.624v 0.624V .
~— \/REF + AL noise
0612V oelav —at— VREF + DC error
0.600V ——--—--———————-————----
0.588V 0.588Y - - error
0.576V 0576V —t— \/REF - AC noise
0.4000 0.4000 ViLDc)
0.300v 0300V Viac)
ViLAC)
0.000VW Vs
—0.350V \ss - 0.35V narrow

pulse width

LPDDR2 200-400 Input Signal

Notes:

1. Numbers reflect typical values.

2. For CA[9:0], CK, C KC S and CKE, Vbp stands for Vbbca. For DQ, DM, DQS, and D Q SVbp stands for VbbQ.
3. For CA[9:0], CK, C KC Sand CKE, Vss stands for Vssca. For DQ, DM, DQS, and D Q SVss stands for Vssq.
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AC and DC Logic Levels for Differential Signals

tDvAC

VIHdiffaomin — — —ff— e — — — — — —
VIHditfDOmin — 80— — — — e N
v <
o
B CK, CK#
= o.n} - __ _\DosDp@s#
=
=
=
o
@
b= VIHdiffDOmax 4 — — — — — — — — — % — — — —
a
- 112 cycle
VHdiffiaOmae 4 — — — — | & _

-
Differential AC and DC Input Levels
Differential Inputs logical levels (CK, CKi' Vger = Vrercapc), DQS, D Q SVger = VREFDQ(DC))
LPDDR2 1066-466 LPDDR2 400-200
Symbol Parameter Unit | Notes
Min Max Min Max
2 X 2 X
Vindgiiac)  |Differential input voltage HIGH AC Note 3 Note 3 \Y
(ViHac)-VRer) (ViHac)-VRer)
2 X 2 X
Vidgiiac)  [Differential input voltage LOW AC Note 3 Note 3 \Y
(Vrer-ViLao) (Vrer-ViLao)
2 X 2X
Vindgiiocy ~ [Differential input voltage HIGH DC Note 3 Note 3 \Y
(ViHpc)-VRer) (ViHpc)-Vrer)
2 X 2X
Vidgiioey  [Differential input voltage LOW DC Note 3 Note 3 \Y
(Vrer-ViLpo)) (Vrer-ViLoo))

Notes:
1. Used to define a differential signal sleate. For CK_¢ CK_c use VIH/VIL(dc) of CA and VREF@2Q®ri; DQS_c, use VIH/VIL(dc) of
DQs and VREFDQ; if a reducedhidgh or delow level is used for a signal group, then the reduced level applies also here.

2. For CK an@ Kuse i acpf CA and Meecafor DQS and Q Suse WinviiacPf DQ and Werpe If @ reduced AC HIGH or AC LOW is
used for a signal group, the reduced voltage level also applies.

3. These values are not defined, howevke singleended signals CK, K DQS, an® Q $nust be within the respective limits
(Mupdmnax, M ognin) for singt-ended signals and must comply with the specified limitations for overshoot and undershoot.
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CK, C Kand DQS, D Q Sime Requirement before Ring back (tpvac)

tovac(ps) at tovac(ps) at
Slew Rate
Vin/Vidittac) = 440Mv Viu/Viidittac) = 600Mv
(V/ns)

Min Max
>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
1.4 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK, C KDQS, and D Q must also comply with certain requirements for
single-ended signals. CK and C Kmust meet Vseriacmin/Vseracmax in every half cycle. DQS, D Q $nust meet

Vsenpacmin/Vseracpmax in every half cycle preceding and following a valid transition.

The applicable AC levels for CA and DQ differ by speed-bin.

A
vVoocaorVeoo .
WSEH{AC)

VSEHACmIn — — — — & VN
4 F]
[=1]
=
b3

= | Vooca2orvVoog2 — — — — — —— — — 4+ — — &% — — — — — — — — — — — —
=
o

= CK or DQS

=

VeRLaGmaxy — — — — 5f — — — —  —— — % — — —j§fp——— — — — —

Veses or Wesgp — — — V1

Time -

Single-Ended Requirement for Differential Signals
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Note that while CA and DQ signal requirements are referenced to VREF, theesidegizeomponents of differential signals also have a
requirement with respect t&/DDQ/2 foDQS, and VDDCA/2 for TKe transition of singlended signals through the AC levels is used to
measure setugpime. For singleended components of differential signals, the requirement to re¥dgh agnax or beyadin has no

bearing on timity; this requirement does, howeveadd a restriction on the common mode characteristics of these signals

Single-Ended Levels for CK, CKDQS,DQS

LPDDR2 1066-466 LPDDR2 400-200
Symbol Parameter Unit | Notes
Min Max Min Max
Single-ended HIGH level for strobes (Vopo/2)+0.22 Note 3 (Vopo/2)+0.30 Note 3 \Y
Vseneo) Single-ended HIGH level for CK, C K Vppcal2)+0.22 Note 3 (Vbpcal2)+0.30 Note 3 \%
Single-ended LOW level for strobes Note 3 (Vopo/2)-0.22 Note 3 (Vopo/2)+0.30 | V
VseLeo Single-ended LOW level for CK, C K Note 3 (Vbpcal2)-0.22 Note 3 (Vopca/2)+0.30|  V
Notes:

1. For CK an€@ K use \$e#VseL(aqf CA; for strobes (DQS[3:0] abdQ B:0]) use WViLacpf DQ.

2. ViHAcand MLacfor DQ are based onRerbQVsEHAG@Nd \SEL(Adpr CA are basd on \Rercalf a reduced AC HIGH or AC LOW
is used for a signal group, the reduced level applies.

3. These values are not defined, howevke singleended signals CK,KDQSO0D Q S, ®QS1D QS DQS2D QS,PQS3D QS 3
must be within the respective limi&IiHDc)maxML(DC)mih for singleended signals, and must comply with the specified
limitations for overshoot and undershoot.

31
REV 1.1

04/2013



4Gb/8Gb LPDDR2-S4 SDRAM <85>
NT6TL128M32AI(Q)/NT6TL256T32AQ
NT6TL256T32AS/NT6TL128T64AR(3/5) PARNEA

Differential input Cross-Point Voltage

To ensure tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross-point voltage of
differential input signals (CK, C KDQS, and D Q pmust meet the specifications bellow. The differential input cross-point voltage (Vix) is

measured from the actual cross point of true and complement signals to the midlevel between VDD and Vss .

Vopca, VoDg Vooca, VoDo
CK#, DOS# CK#, DOS#
Wix
Voocal2, VDDCa/Z,
VoDig/2 Vooo'2
Wi
CE, DQ5s CK, DQ5
Vasca, Visg Wasca, Vasg
Vx definition
Cross-Point Voltage for Differential Input Signals (CK, CKDQS,D Q%
LPDDR2 200-1066
Symbol Parameter Unit | Notes

Min Max

Differential input cross-point voltage relative to
Vixca(ac) -120 +120 Mv
Vbpca/2 for CK and C K

VixpQ(ac) Differential input cross-point voltage relative to 120 +120 Mv

VppQ/2 for DQS and D Q

Notes:
1. The typical value ofix{acjs expected to be about 0.5 »Mof the transmitting device, anill is expected to track variations %
Vix(acjndicates tle voltage at which differentiahput sigrals must cross.

2. For CK an@ K VRer \RercA(Dclor DQS and Q SVRER= \REFDQ(DC)
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Slew Rate Definitions for Single-Ended Input Signals
Refer to page 51, 57 for single-ended slew rate definition for address, command and data signals respectively.

Slew Rate Definitions for Differential Input Signals

Measured
Description Defined by
From To

Differential input slew rate for rising edge (CK, C Kand .

[ViHdiffmin T ViLdiffmax] /  TRdiff VILdiffmax VIHdiffmin
DQS,DQP
Differential input slew rate for falling edge (CK, C Kand .

[VIHdiffmin I ViLdiffmax] /  TFdiff VIHdiffmin VLdiffmax
DQS,DQPB

Notes:

The differential signals (CK, C Kand DQS, D Q Bmust be linear between these thresholds.

A
Dh ATFdiff ATRdiff
&
[} /
-
-
““{ WIHdiffmin
L4
=k
a
on
8 0
=
—
=
E— WiLdiffrna
i
=
o
a
= Time
[}
Differential Input Slew Rate Definition for CK, CKDQSand D QS
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AC/DC Output Measurement Level
Single-Ended AC and DC Output Levels
Symbol Parameter LPDDR2 200-1066 Unit | Notes
VOH(AC) AC output HIGH measurement level (for output slew rate) VREF + 0.12 \%
VOL(AC) AC output LOW measurement level (for output slew rate) VREFT 0.12 \%
VOH(DC) DC output HIGH measurement level (for I-V curve linearity) 0.9 x VDDQ \%
\VoL(DC) DC output LOW measurement level (for I-V curve linearity) 0.1 x VDDQ \%
loz Output leakage current (DQ, DM, DQS, D Q B Min -5 Ua
(DQ, DQS, D Q Sire disabled; 0V O Vout OVbDQ) Max 5 Ua
Mmpupd | Delta output impedance between pull-up and pull-down Min -15 %
for DQ/DM Max 15 %
Notes:
1. by=¢0.1Ma.
2. .= 0.Ma.
Differential AC and DC Output Levels
Symbol Parameter LPDDR2 200-1066 | Unit | Notes
VoHdifiiac) | AC differential output HIGH measurement level (for output slew rate) + 0.20 x VDDQ
VouLdifiiac) | AC differential output LOW measurement level (for output slew rate) - 0.20 x VDDQ
Notes:
1. by=¢0.1Ma.
2. lo.=0.Ma.
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Single Ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured

between VOL(AC) and VOH(AC) for single ended signals as shown below.

Single-Ended Output Slew Rate Definition

Measured
Description Defined by
From To
Single-ended output slew rate for rising edge [VoH(ac)i VoLac)] /™ TRSE VOL(AC) VOH(AC)
Single-ended output slew rate for falling edge [VoH(ac)i VoLac)] /™ TFseE VOH(AC) VOL(AC)

Notes:

Output slew rate is verified by design and characterization, and may not be subject to production testing.

ATFsE
5 _—
=
]
]
i
= e U — ) — — — — VOoHag
=
5
o
5 — — — 14— — — — — — — - — — — —V&rF
o
=
o
u:? - d - (— 4 — — — —Vouag
al
™
=
=

Time

Single-Ended Output Slew Rate Definition

Single-Ended Output Slew Rate

LPDDR2 200-1066
Symbol Parameter Unit
Min Max
SRQsE Single-ended output slew rate (output impedance = 40+ 30%) 15 3.5 V/ns
SRQsE Single-ended output slew rate (output impedance = 60 + 30%) 1.0 25 Vins
Output slew-rate-matching ratio (pull-up to pull-down) 0.7 14
Definitions:
SR = slew rate, Q = query output (similar to DQ = data-in, query-output), se = single-ended signals
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Notes:

1. Measured with output reference load.
2. The ratio of pulup to pultdown slew rate is specified foné same temperature and voltageer the entire temperature and
voltage range. For a gim output, the ratio repesentsthe maximum difference between pelip and pulldown drivers due to

process variation.

3. The output slew rate for falling and rising edges is defined and measured betwggseid \by(ac)
4. Slew rates are measured under typical simultanesdgking output (SSO) conditions, witihe-half of DQ signals per data byte
driving HIGH and onrkealf of DQ signals per data bydeiving LOW.

Differential Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and rising edges is defined and measured

between Vouitiac) and Vonditrac) for differential signals as shown below.

Differential Input Slew Rate Definition

Measured
Description Defined by
From To
Differential output slew rate for rising edge [VoHdifiac) i VoLdifiac)] /~ TRudiff VOLUdiff(AC) VOH(diff(AC)
Differential output slew rate for falling edge [VoHdifiac) T Voudifiac)] /- TFdiff VOHdiff(AC) VOLdiff(AC)

Notes:

Output slew rate is verified by design and characterization, and may not becstdbjeroductiontesting.

A

ATFdift

Differential Qutput Voltage (DQS, DQS#)

ATRaift

________ — 4 . VOHiff(AC)

Time

Differential Output Slew Rate Definition
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Differential Input Slew Rate

LPDDR2 200-1066
Symbol Parameter Unit
Min Max
SRQuiff Differential output slew rate (output impedance = 40 + 30%) 3.0 7.0 V/ns
SRQdiff Differential output slew rate (output impedance = 60' + 30%) 2.0 5.0 V/ns
Definitions:
SR = slew rate, Q = query output (similar to DQ = data-in, query-output), diff = differential signals

Notes:

1. Measured with output reference load.
2. The outpit slew rate for falling and rising edges is defined and measured betwgeiEnd \bac
3. Slew rates are measured under typical simultaneous switching output (SSO) conditiomsedithf of DQ signals per data byte

driving HIGH and orlealf of DQ signals per data bytriving LOW.

AC Overshoot/Undershoot Specification

Parameter 1066 | 933 | 800 | 667 |533 |400 | 333 | Unit
Maximum peak amplitude provided for overshoot area Max 0.35
Maximum peak amplitude provided for undershoot area Max 0.35 \%
Maximum area above VDD Max 0.15 |0.17 | 0.20 | 0.24 | 0.30 | 0.40 | 0.48 \Y
Maximum area below Vss Max 0.15 |0.17 | 0.20 | 0.24 | 0.30 | 0.40 | 0.48 \Y
Notes:

1. VDD stands for VDDCA for CA[9:0]CKC S and CKE. VDD stands for VDDQ for DQOUOM, an® Q S
2. VSS stands for V@5Gr CA[9:0], CK KC S and CKE. VSS stands for VSSQ for DQQQ#®,an® Q S
3. Values are referenced from actual VDDQ, VDDCA, VSSQ and VSSCA levels.

Maximum amplitude

L Overshoot area
— T,
— ""'-\-\._\_\_
ﬂ_f,ﬁl ~_ /
- x

Time (ns)
Vs = —

Voo

Volts (V)

Undershoot area
Maximum amplitude

Overshoot and Undershoot Definition

Notes:
1. VDD stands for VDDCA for CA[9:0]GKC S and CKE. VDD stands for VDDQ for DQOUM, and® Q S
2. VSS stands for VSSCA for CA[9:0F; GIC S and CKE. VSS stands for VSSQ for DQQQ#%,an® Q S
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HSUL_12 Driver Output Timing Reference Load

The timing reference loads are not intended as a precise representation of any particular system environment or a depiction of the
actual load presented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production test conditions, generally with one or more coaxial

transmission lines terminated at the tester electronics.

LPDDR2
VReEF — 0.5 = VDDQg

BOL
Output I AN VT = 0.5 = Vooo

I:LDAD =5pF

HSUL_12 Driver Output Reference Load for Timing and Slew Rate

Notes:

All output timing parameter valuesTdgsckTdgsq Tghs Thz Trpreetc.) are reportedvith respect to this reference load. This reference
load is also used to report slew rate.

Output Driver Impedance Definition

The output driver impedance is selected by a mode register during initialization. The selected value is able to maintain the tight
tolerances specified if proper ZQ calibration is performed. Output specifications refer to the default output driver unless specifically
stated otherwise. A functional representation of the output buffer is shown in below. The output driver impedance RON is defined by

the value of the external reference resistor RZQ as follows: L. .
Chip in Drive Mode

Roypy = M Output Driver
ABS(Inyr) e —— — I
|
When Rpoypp is turned off. ] : o VDDQ
To other || ‘ALL IFu |
vV circuitry | | |
Rowpp = —H1— (RQV, etc) | | Roneu |
When Rpppyy s turned off. T ; — 0DQ
: Ronen |
| : Vour
| —ﬁvr l [21] |
: I 0OWssg
b
Output Driver
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RONpy and RONpp Characteristics with ZQ Calibration
Output driver impedance RON is defined by the value of the external reference resistor RZQ. Ty pi ¢ al RzZzQ is 2

Output Driver DC Electrical Characteristics with ZQ Calibration

Ronnom Resistor Vout Min Typ Max Unit
RON34PD 0.5 x VbDQ 29.2 34.3 39.4 Y
34.3
RoON34pPU 0.5 x VbDQ 29.2 34.3 39.4 Y
RON40PD 0.5 x VbDO 34 40 46 Y
40.0 p
RoN4opPU 0.5 x VbDQ 34 40 46 Y
RON48PD 0.5 x VDDQ 40.8 48 55.2 Y
48.0 P
RoN4spPU 0.5 x VbDQ 40.8 48 55.2 Y
RON60OPD 0.5 x VbDQ 51 60 69 Y
60.0 P
RonNesoPU 0.5 x VbDQ 51 60 69 Y
RONSOPD 0.5 x VbDQ 68 80 92 Y
80.0 p
RonNsgorPu 0.5 x VbDQ 68 80 92 Y
RoN120PD 0.5 x VbDQ 102 120 138 Y
120.0 -
RoN120PU 0.5 x VbDQ 102 120 138 Y
Mismatch between
MMpPuUPD -15.00 +15.00 %
pull-up and pull-down

Notes:
1. Applies across entire operating temperature range after calibration.
2. RzQ =240 .
3. The tolerance limits are specified after calibration, with fixed voltage and temperature. For behavior of the tolerance limits if
temperature or voltage changes after calibration, see AOut
4. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x VbDQ.
5. Measurement definition for mismatch between pull-up and pull-down,

MMpupPD: Measure Ronpu and RonpPD, both at 0.5 x VVbDQ:

MMpypp = Toneu = Roneo , 709
R'.’JHHGM

For example, with MMpPupPD (MAX) = 15% and RonpD = 0.85, RONPuU must be less than 1.0
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Output Driver Temperature and Voltage Sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen as specified bellow.
Output Driver Sensitivity Definition
Resistor Vout Min Max Unit
RonPD . . . .
0.5 x VbbQ 857 (dRonNdT x | T|) T (dRondV x | V|) | 1157 (dRoNdT x | T|) + (dRoNndV X | V]) | %
RonpPu
Notes:

1. T=Ti T(@ calibration).” V=V1i V (@calibration).

2. dRondT and dRonNdV are not subject to production testing; they are verified by design and characterization.

Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRONdT RoN temperature sensitivity 0.00 0.75 %/°C
dRONdV RoON voltage sensitivity 0.00 0.20 %/Mv
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Output Impedance Characteristics without ZQ Calibration

Output driver impedance is defined by design and characterization as the default setting.

Output Driver DC Electrical Characteristics without ZQ Calibration

Ronnom Resistor Vout Min Typ Max Unit
RON34PD 0.5 x VDDQ 24 34.3 44.6 Y
34.3
RON34pPU 0.5 x VDDQ 24 34.3 44.6 Y
RON40PD 0.5 x VbDO 28 40 52 Y
40.0 B
RoN4opPU 0.5 x VbDQ 28 40 52 Y
RON48PD 0.5 x VDDQ 33.6 48 62.4 Y
48.0
RoN4spPU 0.5 x VDDQ 33.6 48 62.4 Y
RONG0OPD 0.5 x VbDQ 42 60 78 Y
60.0 B
RoNeoPU 0.5 x VbDQ 42 60 78 Y
RONS0PD 0.5 x VDDQ 56 80 104 Y
80.0 B
RoNsopPu 0.5 x VbDQ 56 80 104 Y
RON120PD 0.5 x VbbQ 84 120 156 '
120.0 -
RoN120PU 0.5 x VbDQ 84 120 156 Y
Notes:

1. Applies across entire operating temperature range, without calibration.
2. RzQ =240 .
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RZQ I-V Curve
RZQ I-V curve
Ron=240 (RzQ)
Pull-Down Pull-Up
Current (Ma) / RoN (ohms) Current (Ma) / RoN (ohms)
Voltage (V)
Default Value after With Default Value after With
ZQRESET Calibration ZQRESET Calibration
Min (Ma) | Max (Ma) Min (Ma) | Max (Ma) Min (Ma) Max (Ma) Min (Ma) Max (Ma)
0 0 0 0 0 0 0 0 0
0.05 0.19 0.32 0.21 0.26 10.19 10.32 10.21 10.26
0.1 0.38 0.64 0.4 0.53 10.38 10.64 10.40 10.53
0.15 0.56 0.94 0.6 0.78 10.56 10.94 10.60 10.78
0.2 0.74 1.26 0.79 1.04 10.74 11.26 10.79 11.04
0.25 0.92 1.57 0.98 1.29 10.92 11.57 10.98 11.29
0.3 1.08 1.86 1.17 1.53 i1.08 i1.86 i1.17 7153
0.35 1.25 2.17 1.35 1.79 i1.25 1217 i1.35 i11.79
0.4 14 2.46 1.52 2.03 i1.40 i2.46 i1.52 12.03
0.45 1.54 2.74 1.69 2.26 i1.54 i2.74 i1.69 12.26
0.5 1.68 3.02 1.86 2.49 i1.68 i3.02 i1.86 12.49
0.55 1.81 3.3 2.02 2.72 i1.81 i3.30 i2.02 12.72
0.6 1.92 3.57 2.17 2.94 i11.92 i3.57 1217 12.94
0.65 2.02 3.83 2.32 3.15 i2.02 i3.83 12.32 13.15
0.7 211 4.08 2.46 3.36 1211 i4.08 12.46 13.36
0.75 2.19 4.31 2.58 3.55 12.19 14.31 12.58 13.55
0.8 2.25 4.54 2.7 3.74 12.25 14.54 12.70 13.74
0.85 2.3 4.74 2.81 3.91 i2.30 i14.74 i2.81 13.91
0.9 2.34 4.92 2.89 4.05 i12.34 14.92 12.89 14.05
0.95 2.37 5.08 2.97 4.23 12.37 i5.08 12.97 14.23
1 241 5.2 3.04 4.33 241 i5.20 i3.04 14.33
1.05 2.43 5.31 3.09 4.44 12.43 15.31 13.09 14.44
1.1 2.46 541 3.14 4.52 12.46 15.41 13.14 14.52
1.15 2.48 5.48 3.19 4.59 12.48 15.48 13.19 14.59
1.2 25 5.55 3.23 4.65 12.50 15.55 13.23 14.65
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Output Impedance = 240 Ohmes, |-V Curve after ZQRESET

Output Impedance = 240 Ohms, |-V Curve after Calibration
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Input / Output Capacitance

LPDDR2 1066-466 LPDDR2 400-200
Symbol Parameter Unit
Min Max Min Max
Cck Input capacitance : CK, C K 1 2 1 2 pf
Cbck Input capacitance delta : CK, C K 0 0.2 0 0.25 Pf

Input capacitance: all other

input-only pins

Input capacitance delta: all other
Coi -0.4 0.4 -0.5 0.5 Pf
input-only pins

Input/output capacitance : DQ,

Cio 1.25 2.5 1.25 2.5 Pf
DQS, D Q SDM
Input/output capacitance delta :
Cobos 0 0.25 0 0.3 Pf
DQS,DQS
Input/output capacitance delta :
Coio -0.5 0.5 -0.6 0.6 Pf
DQ, DM
Czo Input/output capacitance : ZQ 0 2.5 0 2.5 Pf
Notes:

1. This parameter applie®tdie devices only (does not include package capacitance).

2. This parameter is not subject to production testing. It is verified by design and characteriZé#gooapacitance is measured
according to JEP147 (procedure for measuring input capacitanceausewaior network analyzer), with VDD1, VDD2, VDDQ, VSS,
VSSCA, and VSSQ applied; all other pins are left floating.

3. Absolute value of CGIC C K

4. Cl applies t€ S CKE, and CA[9:0].

5. CDI=Q{0.5x%(CCK@CXK

6. DM loading matches DQ and DQS.

7. MR31/O configuration DS OP[3:0] = 0001B (34.3 ohm typical)
8. Absolute value of CDQS a@dD Q.S

9. CDIO =CI§0.5 x (CDQSG D Q)$n bytelane.

10. Maximum externbload capacitance on ZQ pin, including packaging, board, pinoresistl other LPDDR2 devices:
5Pt
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IDD Specification Parameters and Test Conditions

IDD Measurement Conditions

The following definitions and conditions are used in the IDD measurement tables unless stated otherwise:

A LOWO w¥gmax
A HI GHO: ne¥min
A STABLE:
A

I nputs are stable at a HIGH or LOW | evel
SWI TCHI NG: belave Tabl es

Switching for CA Input Signal

CK (Rising) / | CK (Falling) / | CK (Rising) / | CK (Falling) /| CK (Rising)/ CK (Falling) / | CK (Rising)/ CK (Falling) /

C KFalling) CK(Rising) C KFalling) C KRising) C KFalling) C KRising) C KFalling) C KRising)
Cycle N N+1 N+2 N+3
CS HIGH HIGH HIGH HIGH
CAO0 H L L L L H H H
CAl H H H L L L L H
CA2 H L L L L H H H
CA3 H H H L L L L H
CA4 H L L L L H H H
CA5 H H H L L L L H
CA6 H L L L L H H H
CA7 H H H L L L L H
CA8 H L L L L H H H
CA9 H H H L L L L H

Notes:

1. C Smust always be driven HIGH.

2. For each clock cycle, 50% of the CA bus is changing between HIGH and LOW.

3. The noted pattern (N, N +1, N+ 2, N + 3...) is used continuously during Ibb measurement for Ibp values that require

switching on the CA bus.
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IDD Measurement Conditions (Continued)
Switching for IDD4R
Clock Cycle
Clock CKE CSs Command CA[2:0] CA[9:3] All DQ
Number
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH HLHLLHL L
Rising H L N+2 Read_Rising HLH HLHLLHL H
Falling H L N+2 Read_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L
Notes:
1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. The noted pattern (N, N + 1...) is used continuously during IDD measurement for IDD4R.
Switching for IDD4W
Clock Cycle
Clock CKE CS Command CA[2:0] CA[9:3] All DQ
Number
Rising H L N Write_Rising HLL LHLHLHL L
Falling H L N Write_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH HLHLLHL L
Rising H L N+2 Write_Rising HLL HLHLLHL H
Falling H L N+2 Write_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L
Notes:

1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. Data masking (DM) must always be driven LOW.

3. The noted pattern (N, N + 1...) is used continuously during Ipp measurement for Ibbaw
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IDD Specifications

LPDDR2 IDD Specification Parameters and Operating Conditions

Parameter/Condition Symbol Power Supply Notes
Operating one bank active-precharge current (SDRAM): IDDO1 VDD1
Tck = Tck(avg)min; Trc = tRCmin;
CKE is HIGH; IDBO2 VDD2
C Sis HIGH between valid commands;
IDDOIN VDDCA,VDDQ 4
CA bus inputs are switching; Data bus inputs are stable
Idle power-down standby current: IDD2P1 VDD1
Tck = Tck(avg)min;
CKE is LOW; C Sis HIGH,;
IDD2P2 VDD2
All banks are idle;
CA bus inputs are switching; Data bus inputs are stable IDD2P;in VDDCA,VDDQ 4
Idle power-down standby current with clock stop: IDD2PS1 VDD1
CK = LOW, C K= HIGH,;
CKE is LOW; C Sis HIGH,;
IDD2PS2 VDD2
All banks are idle;
CA bus inputs are stable; Data bus inputs are stable IDD2PS,in VDDCA,VDDQ 4
Idle non-power-down standby current: IDD2N1 VDD1
Tck = Tck(avg)min;
CKE is HIGH; C Sis HIGH; IDD2N2 VDD2
All banks are idle;
. I . IDD2N,in VDDCA,VDDQ 4
CA bus inputs are switching; Data bus inputs are stable
Active power-down standby current: IDD3P1 VDD1
Tck = Tck(avg)min;
CKE is LOW; C Sis HIGH,;
IDD3P2 VDD2
One bank is active;
CA bus inputs are switching; Data bus inputs are stable IDD3Pin VDDCA,VDDQ 4
Active power-down standby current with clock stop: IDD3PS1 VDDL1
CK = LOW, C K= HIGH;
CKE is LOW; C Sis HIGH,;
1S LOW, & SIS RIS, IDD3PSS2 VDD2
One bank is active;
CA bus inputs are stable; Data bus inputs are stable IDD3PS,in VDDCA,VDDQ 4
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IDD Specifications (Continued)
Parameter/Condition Symbol Power Supply Notes
Active non-power-down standby current: IDD3N1 VDDL
Tck = Tck(avg)min;
CKE is HIGH; C Sis HIGH,; IDD3N2 VDD2
One bank is active;
CA bus inputs are switching; Data bus inputs are stable IDD3N,in VDDCA,VDDQ 4
Operating burst READ current: IDD4R1 VDD1
Tck = Tck(avg)min;
C Sis HIGH between valid commands; IDD4R2 VDD2
One bank is active; )
IDD4R,in VDDCA
BL = 4; RL = RL (MIN);
CA bus inputs are switching; 50% data change each burst transfer IDD4RQ vDDQ S
Operating burst WRITE current:
IDD4W1 VDD1
Tck = Tck(avg)min;
C Sis HIGH between valid commands;
. . IDD4W?2 VDD2
One bank is active;
BL = 4; WL = WImin;
CA bus inputs are switching; 50% data change each burst transfer IDDAW,in VDDCA,VDDQ 4
All-bank REFRESH burst current:
IDD51 VvDD1
Tck = Tck(avg)min
CKE is HIGH between valid commands;
IDD52 VvDD2
Trc = tRFCabmin;
Burst refresh;
. o . IDD5IN VDDCA,VDDQ 4
CA bus inputs are switching; Data bus inputs are stable
All-bank REFRESH average current: IDD5AB1 VDD1
Tck = Tck(avg)min;
CKE is HIGH between valid commands; IDD5AB2 VDD2
Trc = Trefi;
CA bus inputs are switching; Data bus inputs are stable IDD5AB,in VDDCA,VDDQ 4
Per-bank REFRESH average current: IDD5PB1 VDD1 5
Tck = Tck(avg)min;
CKE is HIGH between valid commands; IDD5PB2 VDD2 6
Trc = Trefi/8;
CA bus inputs are switching;Data bus inputs are stable IDDSPB,in VDDCA,VDDQ 4,6
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IDD Specifications (Continued)

Parameter/Condition Symbol Power Supply Notes
Self refresh current (i 40°C to +85°C): IDD61 VDD1 7
CK = LOW, C K= HIGH;
CKE is LOW: IDD62 VDD2 7
CA bus inputs are stable;
Data bus inputs are stable; Maximum 1x self refresh rate IDD6IN VDDCAVDDQ 47
Self refresh current (+85°C to +105°C): IDD6ET1 VDD1 7.8
CK = LOW, C K= HIGH;
CKE is LOW: IDD6ET2 VDD2 7,8
CA bus inputs are stable; Data bus inputs are stable IDD6ET,in VDDCA,VDDQ 4,78
Deep power-down current: IDD81 VDD1 8
CK = LOW, C K= HIGH; IDD82 VDD2 8
CKE is LOW;
CA bus inputs are stable; Data bus inputs are stable IDD8IN VDDCA,VDDQ 4.8

Notes:
1. Published IDD values are the maximum of the distribution of the arithmetic mean.
2. IDD current specifications are tested after the device is properly initialized.
3. The 1x self refresh rate is the rate at which the device is refreshedatieduring selfefresh, before going into the extended
temperature range.
4. Measured currents are the summation of VDDQ and VDDCA.
5. Guaranteed by design with output load Bf &nd RON = 400hm.
6. Per Bank Refresh only applicable for LPDDR2 devics of 1Gb or higher densities

7. This is the general definition that applies to-aftay SELF REFRESH).
8. IDD6ET and IDD8 are typical values, are sampled only, and are not tested.
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IDD Specifications and Measurement Conditions
IDD Specifications; Vpp,, VDDQ,VDDCA = 1.14~1.30V, Vpp; = 1.70~1.95V
Package
Symbol Supply Unit Notes
SDP DDP
Ippo1 Vbp1 15 30
IDDO ) Vbb2 70 140 mA
Iopoin Vbpca + Vopg 6 12
Ippzp1 Vbb1 600 1200
IDD2P Ippzp2 Vbp2 800 1600 UuA
Iopzpin Vboca + Voog 50 100
Ippzps1 Vbb1 600 1200
IDD2PS  ippzes, Vo2 800 1600 UA
Ippzpsin Vbpca + Vopg 50 100
Ipp2nt Vop1 2 4
IDD2N Ipp2n2 Vbb2 40 80 mA
LRIV Vbpca + Vopg 7 14
Ipp2n1 Vbp1 1.7 34
IDD2NS  |lpp2n2 Vbp2 40 80 mA
Ipp2sin Vobca + Vbpo 6 12
Ippsp1 Vbp1 1200 2400 UA
IDD3P Ippsp2 Vbp2 8 16 mA
Ipp3piN Vppea + Vopo 150 300 UuA
Ippsps1 Vbp1 1200 2400 UA
IDD3PS  |Ippges, Vop2 8 16 mA
Ipp3psiN Vopea + Vobo 150 300 UA
Ippant Vbp1 25 5
IDD3N Ippanz Vbb2 30 60 mA
IpD3nIN Vbpea + Vobo 6 12
Ippant Vbp1 2 4
IDD3NS |lppan2 Vb2 27 54 mA
Iopasin Vboca + Vobg 6 12
Ibpar1 Vop1 3 6
lopar2 Vbb2 194 388
IDD4R mA
loparin Vbbpca 25 50
Ioparg Vbbq 244 488
lopaw1 Vbb1 10 20
IDD4W mA
lopaw2 Vbb2 185 370
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lppawin Vooca + Vopg 25 50
lops1 Vob1 40 80
IDD5 Ibps2 Vbb2 150 300 mA
Ippsin Vooca + Vopg 6 12
IppsaB1 Vob1 5 10
IDD5AB  |lIppsas2 Vbp2 18 36 mA
IppsABIN Vooca + Vopg 8 16
Ippspe1 Vob1 5 10
IDD5PB  |Ippspe2 Vbp2 50 100 mA
IppspeN Vooca + Vopg 8 16
Ibpe1 Vob1 1000 2000
IDD6 Ibps2 Vbb2 3200 6400 uA
Ippsin Vooca + Vopg 50 100
Ibps1 Vbb1 25 50
IDD8 Iops2 Vbb2 100 200 uA
IppsiN Vppea + Vopo 100 200
IDD6 Partial Array Self-refresh current; Vpp2,Vopg,Vopca = 1.14~1.30V, Vpp; = 1.70~1.95V
Supply Package
PASR Unit Notes
SDP DDP
Vop1 1000 2000
Full Array Vb2 3200 6400
Vbbea + Vopg 50 100
Vop1 950 1900
1/2 Array Vo2 2700 5400
Vbbca + Vobg 50 100
UuA
Vobp1 900 1800
1/4 Array Vb2 2400 4800
Vbbca + Vbbo 50 100
Vobp1 850 1700
1/8 Array Vop2 2000 4000
Vbbca + Vbbo 50 100
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Electrical Characteristic and AC Timing
Clock Specification

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks violating minimum or maximum values may result in

device malfunction.

Definitions and Calculations

Symbol Description Calculation Notes
The average clock period across any consecutive
200-cycle window. Each clock period is calculated from
rising clock edge to rising clock edge.
Unit Tck(avg) represents the actual clock average " i

Tck(avg) and Nck

Tck(avg) of the input clock under operation. Unit Nck
represents one clock cycle of the input clock, counting
from actual clock edge to actual clock edge.

Tck(avg) can change no more than +1% within a
100-clock-cycle window, provided that all jitter and

timing specifications are met.

tck(avg) =| X tek; N

j=1 7

Where N =200

The absolute clock period, as measured from one rising

Tck(abs)
clock edge to the next consecutive rising clock edge.
LN
The average HIGH pulse width, as calculated across t ] t ] o
rch(avg) CHlavg) = E fe /(N % TCK(avg))
any 200 consecutive HIGH pulses.
Where N =200
N
The average LOW pulse width, as calculated across any | t _ i t
Tel(avg) Cliavg) = ;TCLJ- f{N = TCK(avg))
200 consecutive LOW pulses. =
Where N =200
The single-period jitter defined as the | t deviati ‘
Jittpen) e single-period jitter defined as the largest deviation T (per) = minfmax of [TCKI-—TCK (avg)

of any signal Tck from Tck(avg).

Where [ =1 to 200

Tjit(per),act

The actual clock jitter for a given system.

Tjit(per),allowed

The specified clock period jitter allowance.

Tjit(cc)

The absolute difference in clock periods between two
consecutive clock cycles. Tjit(cc) defines the

cycle-to-cycle jitter.

UiTlcc) = max of [Tcx,-+ - IEKJ
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Symbol Description Calculation Notes
The cumulative error across n multiple consecutive den=1
Terr(nper) tERR(nper) = ‘ z fCKJ- ‘ - (n = tck(avg)
cycles from Tck(avg). s =i g

The actual cumulative error over n cycles for a given
Terr(nper),act

system.
Terr(nper),allowed The specified cumulative error allowance over n cycles.
Terr(nper),min The minimum Terr(nper). LERR(nper),min = (1 + 0.68LN(n) x UIT(per) min
Terr(nper),max The maximum Terr(nper). CERR(nper),max = (1 + 0.68LN(n)) x UiT(per),max

Defined with Tch jitter and Tcl jitter. Tch jitter is the

tUITiduty) = minimax of [LimicH), tricL]
Where:

THT(CH) = [TCH; - TCH(avg) where | = 1 to 200]

UT(cL) = [tcH; - tcH(avg) where | = 1 to 200]

largest deviation of any single Tch from Tch(avg). Tcl
Tjit(duty)
jitter is the largest deviation of any single Tcl from

Tcl(avg).

Tck(abs), Tch(abs) and Tcl(abs)

These parameters are specified per their average values, however, it is understood that the following relationship between the average

timing and the absolute instantaneous timing holds at all times.

Symbol Parameter Minimum Unit
Tck(abs) Absolute clock period Tck(avg),min + Tjit(per),min ps
Tch(abs) Absolute clock HIGH pulse width Tch(avg),min + Tjit(duty),min/ Tck(avg)min Tck(avg)
Tcl(abs) Absolute clock LOW pulse width Tcl(avg),min + Tjit(duty),min / Tck(avg)min Tck(avg)

Notes:

1. Tcl{avg),minis expressed in ps for this table.

2. Tjit(duty),minis a negative value.
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Period Clock Jitter

LPDDR2 devices can tolerate some clock period jitter without core timing parameter derating. This section describes device
timing requirements with clock period jitter (Tjit(per)) in excess of the values found in the AC timing table. Calculating cycle time

derating and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (Trcd, Trp, Trtp, Twr, Twra, Twtr, Trc, Tras, Trrd, Tfaw) extend across multiple clock cycles. Period
clock jitter impacts these parameters when measured in numbers of clock cycles. Within the specification limits, the device is
characterized and verified to support thPARAM = RU[Tparam / Tck(avg)]. During device operation where clock jitter is outside
specification limits, the number of clocks or Tck(avg), may need to be increased based on the values for each core timing

parameter.
Cycle Time Derating for Core Timing Parameters

For a given number of clocks (thPARAM), for each core timing parameter, average clock period( Tck(avg) ) and actual
cumulative period error (Terr(tnPARAM), act) in excess of the allowed cumulative period error (Terr(tnPARAM),allowed) ,
the equation below calculates the amount of cycle time de-rating(in ns) required if the equation results in a positive value
for a core timing parameter(Tcore). A cycle time de-rating analysis should be conducted for each core timing parameter.
The amount of cycle time de-rating required is the maximum of the cycle time de-rating determined for each individual

core timing parameter.

CycleTimeDerating—max {[T PARAM + "ERR('nPARAM),act - "ERR('nPARAM),allowed _ tcyc(a 2 g}
- TnPARAM J

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (tnPARAM), clock cycle derating should be specified with
Tjit(per). For a given number of clocks (tnPARAM), for each core parameter, average clock period( Tck(avg)) and actual
cumulative period error (Terr(tnPARAM),act) in excess of the allowed cumulative period error (Terr(tnPARAM),allowed),
the equation below calculates the clock cycle derating (in clocks) required if the equation results in a positive value for a

core timing parameter (Tcore), A clock cycle de-rating analysis should be conducted for each core timing parameter.

CI’DEA:C:I-’P!EDE?’RIFFHE — RIJ ‘: IR":L RAM + IERR{T”PAR.’:LHPi}.;CF— FERR{FF?R":l R.""Il.‘ﬂ}'f__:l, ﬂ!fﬂ“’t?fi] _ I”PAR"{ M
CKiavg)

(.
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Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters (Tis, Tih, Tiscke, Tihcke, tISb, tiHb, tISCKEDb, tiIHCKEDb) are measured from a
command/address signal (CKE, CS, or CA[9:0]) transition edge to its respective clock signal (CK, C K crossing. The
specification values are not affected by the Tjit(per) applied, as the setup and hold times are relative to the clock signal

crossing that latches the command/address. Regardless of clock jitter values, these values must be met.

Clock Jitter Effects on READ Timing Parameters

Trpre
When the device is operated with input clock jitter, Trpre must be derated by the actual period jitter( Tjit(per),act,max) of
the input clock that exceeds the allowed period jitter( Tjit(per),allowed,max.). Output de-ratings are relative to the input

clock.

{RPRE(min,.derated) = 0.9 [rHTf,LJE'J"_.'.nfr. max — '[IT(per),allowed, max
. I'CK(avg)
For example, if the measured jitter into a LPDDR2-800 device has Tck(avg) = 2500ps, Tjit(per),act,min =1 172ps, and
JIT(per),act,max = +193ps, then Trpre,min, derated = 0.9 1 (Tjit(per), act,max i Tjit(per), allowed,max)/Tck(avg) = 0.9 1
(1937 100)/2500 = 0.8628 Tck(avg).

Tlz(DQ), Thz(DQ), Tdgsck, TIz(DQS), Thz(DQS)
These parameters are measured from a specific clock edge to a data signal transition (DMn or DQm, where: n =0, 1, 2, or
3; and m = DQ[31:0]), and specified timings must be met with respect to that clock edge. Therefore, they are not affected

by Tjit(per).

Tgsh, Tgsl
These parameters are affected by duty cycle jitter, represented by Tch(abs)min and Tcl(abs)min. Therefore Tgsh(abs)min
and Tgsl(abs)min can be specified with Tch(abs)min and Tcl(abs)min. Tgsh(abs)min = Tch(abs)min i 0.05, Tgsl(abs)min =
Tcl(abs)min i 0.05. These parameters determine the absolute data-valid window at the device pin. The absolute minimum
data-valid window @ the device pin = min [(Tgsh(abs)min x Tck(avg)min i tDQSQmax i tQHSmax), (Tgsl(abs)min x
Tck(avg)min i tDQSQmax i tQHSmax)]. This minimum data-valid window must be met at the target frequency regardless of

clock jitter.
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Trpst

Trpst is affected by duty cycle jitter, represented by Tcl(abs). Therefore, Trpst(abs)min can be specified by Tcl(abs)min.

Trpst(abs)min = Tcl(abs)min 1 0.05 = Tgsl(abs)min.

Clock Jitter Effects on WRITE Timing Parameters

Tds, Tdh

These parameters are measured from a data signal (DMn or DQm, where n =0, 1, 2, 3; and m = DQ[31:0]) transition edge
to its respective data strobe signal (DQSn, D Q S n =0,1,2,3) crossing. The specification values are not affected by the
amount of Tjit(per) applied, as the setup and hold times are relative to the clock signal crossing that latches the

command/address. Regardless of clock jitter values, these values must be met.

Tdss, Tdsh

These parameters are measured from a data strobe signal (DQSx, D Q 9 xrossing to its respective clock signal (CK, C K
crossing. The specification values are not affected by the amount of Tjit(per)) applied, as the setup and hold times are
relative to the clock signal crossing that latches the command/address. Regardless of clock jitter values, these values

must be met.

Tdgss
This parameter is measured from the clock signal (CK, C K crossing to the first latching data strobe signal (DQSx, D Q S x
crossing. When the device is operated with input clock jitter, this parameter must be derated by the actual period jitter

(Tjit(per),act ) of the input clock in excess of the allowed period jitter (Tjit(per),allowed).

'DQSSmin,derated) = 0.75 - FH Tiper),act, m:'i.r - br ].T,LJE‘J"}.H.!!l"G-!-!-'E‘ﬂ'. nu’u]
ICK(avg)

'DQSS(max,derated) = 1.25 — [_r [ITipe rj.m?r.mﬁ.:; — Ty per),allowed, n rc?.r]
CKiavg)

For example, if the measured jitter into an LPDDR2-800 device has Tck(avg) = 2500ps, Tjit(per),act,min = -172ps, and
Tjit(per),act,max = +193ps, then:
Tdgss,(min,derated)
=0.7571 (Tjit(per),act,min i Tjit(per),allowed,min)/Tck(avg) =0.75 1 (-172 + 100)/2500 = 0.7788 Tck(avg),
And
Tdgss,(max,derated)
=1.2517 (Tjit(per),act,max i Tjit(per),allowed,max)/Tck(avg) = 1.257 (1937 100)/2500 = 1.2128 Tck(avg).
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REFRESH Requirements by Device Density
LPDDR2-S4 Refresh Requirement Parameters (per density)
Symbol | Parameter 4Gb 8Gb Unit
Number of banks 8
Trefw Refresh windowT CASEG5° 32 ms
Trefw Refresh window85°C < TCASEL05°C 8 ms
R Required number of REFRESH commands (MIN) 8192 8192
Trefi Average time between REFRESHMmMands (for 3.9 3.9 us
tREFIpb | reference only) TCASES5T 0.4875 0.4875 us
tRFCab Refresh cycle time 130 210 ns
tRFCpb Perbank REFRESH cycle time 60 90 ns
Trefbw Burst REFRESH window x 8 x tRFCab 4.16 6.72 us
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Electrical Characteristics and Recommended AC Timing
VDD21VDDQ1VDDCA = 114"‘130V, VDDl =1.70~1.95Vv
Speed Grade
Min/ | Min
Symbol Parameter . Unit
Max | CK 1066 800 667
Clock parameters
f Frequency max 533 400 333 MHz
min 1.875 2.5 3 ns
'CK Clock cycle time
max 100 ns
t : : min 0.45 'CK
CH CK high-level width max 055 TCK
; . min 0.45 'CK
CL CK low-level width max 0.55 CK
HP Half-clock period = min('CH, 'CL) 'CK
. . min 1.875 2.5 3 ¢
CK(avg) Average Clock period CK(avg)
max 100
. ) min 0.45 ¢
CH(avg) Average HIGH pulse width CK(avg)
max 0.55
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Speed Grade
Min/ | Min
Symbol Parameter Unit
Max | 'CK 1066 800 667
) ) min 0.45 )
CL(avg) Average LOW pulse width CK(avg)
max 0.55
Tck(abs) Absolute clock period min Tck(avg) MIN = Tjit(per) MIN  [ps
Tch(abs) Absolute clock HIGH pulse width min 0.43 'CK(avg)
Tcl(abs) Absolute clock LOW pulse width min 0.43 'CK(avg)
i min -90 -100 -110  |ps
Tiit(per), Clock period jitter (with supported jitter)
allowed max -90 -100 -110 ps
Terr(2per) min -132 -147 -162 ps
' Cumulative errors across 2 cycles
allowed max 132 147 162 ps
Terr(3per) Cumulative errors across 3 cycles min -157 -175 -192 ps
allowed max 157 175 192 ps
Terr(4per) Cumulative errors across 4 cycles min -175 -194 -214 ps
allowed max 175 194 214 ps
Terr(Sper) Cumulative errors across 5 cycles min -188 -209 -230  |ps
allowed max 188 209 230 ps
Terr(6per) Cumulative errors across 6 cycles min -200 -222 -244 ps
allowed max 200 222 244 ps
Terr(7per) Cumulative errors across 7 cycles min -209 -232 -256  |ps
allowed max 209 232 256 ps
Terr(8per) Cumulative errors across 8 cycles min -217 -241 -266  |ps
allowed max 217 241 266 ps
Terr(9per) Cumulative errors across 9 cycles min -224 -249 -274  |ps
allowed max 224 249 274 ps
Terr(10per) Cumulative errors across 10 cycles min -231 -257 -282  |ps
allowed max 231 257 282 ps
Terr(11per) Cumulative errors across 11 cycles min -237 -263 -289 ps
allowed max 237 263 289 ps
Terr(12per) Cumulative errors across 12 cycles min -242 -269 -296 ps
allowed max 242 269 296 ps
. Terr(nper),allowed MIN = (1 + ps
min
Terr(nper) Cumulative errorsacrossn= 13, 14, 1 0.68In(n)) x Tjit(per),allowed MIN
allowed cycles Terr (nper), allowed MAX=(1 + ps
max
0.68In(n)) x Tjit(per),allowed MAX
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Speed Grade
Min/ | Min
Symbol Parameter . Unit
Max | CK | 1066 800 667
ZQ calibration parameters
‘Zqinit Calibration initialization Time min 1 us
'ZQCL Long (Full) Calibration Time min 360 ns
'ZQCs Short Calibration Time min 90 ns
‘Zqgreset Calibration Reset Time Min 3 50 ns
Read parameters
t . Min 2500 ps
D K DQS output access time from CK, /CK
Qsc Q P Max 5500 ps
'DQSCKDS DQSCK Delta Short Max 330 450 540 ps
'DQSCKDM DQSCK Delta Medium Max 680 900 1050 ps
'DQSCKDL  |DQSCK Long Max 920 1200 1400 ps
DOSQ DQS-DQ skew, DQS to last DQ valid, per group, Max 200 240 280 ps
per access
'OHS Data Hold Skew Factor Max 230 280 340 ps
'QSH DQS output HIGH pulse width Min Tchi 0.05 'CK
'‘QsL DQS output LOW pulse width Min Tcl i 0.05 'CK
'QHP Data half period Min MIN (tgsh, Tgsl) 'CK
‘QH DQ-DQS hold, DQS to first DQ to go non-valid, Min 4P i 'QHS bs
per access
'RPRE READ Preamble Min 0.9 'CK
'RPST READ postamble Min Tcli 0.05 'CK
L.Z(DQS) DQS Low-Z from CK Min 'DQSCKmin i 300 ps
LZ(DQ) DQ Low-Z from CK Min Tdgsck(MIN) T (1.4 x Tghs(MAX)) ps
'HZ(DQS) DQS High-Z from CK Max 'DQSCKmax 1 100 ps
t — Tdgsck(MAX) + (1.4 x
HZ(DQ) DQ High-Z from CK Max Tdgsq(MAX)) ps
Write parameters
‘DH DQ and DM input hold time (Vrer based) Min 210 270 350 ps
DS DQ and DM input setup time (Vrer based) Min 210 270 350 ps
‘DIPW DQ and DM input pulse width Min 0.35 'CK
Min 0.75 'CK
Tdgss Write command to 1% DQS latching transition :
Max 1.25 CK
Tdgsh DQS input high-level width Min 0.4 'CK
Tdgsl DQS input low-level width Min 0.4 'CK
Tdss DQS falling edge to CK setup time Min 0.2 'CK
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Speed Grade
Min/ | Min
Symbol Parameter vax |tk 1066 800 667 Unit
Tdsh DQS falling edge hold time from CK Min 0.2 'CK
TWpsSt Write postamble Min 0.4 'CK
Twpre Write preamble Min 0.35 'CK
CKE input parameters
'CKE CKE min. pulse width (high and low) Min 3 3 'CK
|SCKE CKE input set-up time Min 0.25 'CK
|HCKE CKE input hold time Min 0.25 'CK
Command / Address Input parameters
IH Address and Control input hold time Min 220 290 370 ps
s Address and Control input setup time Min 220 290 370 ps
PW Address and Control input pulse width Min 0.4 'CK
Mode register parameters
'MRR MODE Register Read command period Min | 2 2 'CK
'MRW MODE Register Write command period Min | 5 5 'CK
SDRAM core parameters
RL Read Latency Min | 3 8 6 5 'CK
WL Write Latency Min | 1 4 3 2 'CK
CKE minimum pulse width during SELF REFRESH
Tckesr Min 3 15 ns
(low pulse width during SELF REFRESH)
XSR Exit SELF REFRESH to first valid command (min) | min | 2 'RFCag +10 ns
XP Exit power-down mode to first valid command min 2 7.5 ns
‘DPD Minimum Deep Power-Down time min - 500 us
'FAW Four-Bank Activate Window min 8 50 ns
'WTR Internal WRITE to READ command delay min 2 7.5 ns
'RAS + 'RPag
'RC ACTIVE to ACTIVE command period min (with ?Ilzle::)gnl(;r;:sharge) ns
(with per-bank Precharge)
‘cCD CAS-to-CAS delay min | 2 2 'CK
‘RTP Internal READ to PRECHARGE command delay min 2 7.5 ns
‘RCD RAS-to-CAS delay min | 3 18 ns
‘RAS Row Active Time mn | 3 G e
max 70 us
WR Write recovery time min 3 15 ns
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. Speed Grade
Min/ | min )
Symbol Parameter t Unit
Max | CK | 1066 800 667

RPos PRECHARGE command period min 3 18 ns
(single bank)

PRECHARGE command period

RPess (all banks i 8bnak) min | 3 21 ns

‘RRD ACTIVE bank-a to ACTIVE bank-b command min 2 10 ns
Temperature Derating
Tdgsck (derated) |Tdgsck derating max 5620 6000 6000 ps
Trcd (derated) min Tred + 1.875 ns
Trc (derated) min Trc + 1.875 ns
Tras (derated) Core timing temperature derating min Tras + 1.875 ns
Trp (derated) min Trp + 1.875 ns
Trrd (derated) min Tred + 1.875 ns

Boot parameters (10MHz ~ 55MHz)

min 18 ns
'CKb Clock cycle time

max 100 ns
|SCKEb CKE input setup time min 2.5 ns
|HCKEb CKE input hold time min 25 ns
‘Isb Input setup time min 1150 ps
‘Ihb Input hold time min 1150 ps
min 2.0 ns

'DQSCKb Access window of DQS from CK, /CK
max 10.0 ns
'DQSOb DQS-DQ skew max 1.2 ns
'QHSb Data hold skew factor max 1.2 ns

Notes:
1. Frequencyalues are for reference only. Clock cycle tim)(is used to determine deviaapabilities.
2. All AC timings assume an input slew rate of 1 V/ns.
3. READ, WRITE, and input setup and hold values are referencegsto V
4. 1Tdgsckdss the absolute valuef the difference between any twalgsckmeasurementgin a byte lane) within a contiguous sequence
of bursts in a 160ns rolling windowdgsckdss not tested and is guaranteed by design. Tempegatrift in the system is < 0/s.
Values do not includelock jitter.
5. Tdgsckdmis the absolute value of the difference between any twigsckmeasurement® Ay | 6 & G S fslroflidinddwk G K
Tdgsckdmis not tested and is guarantedxry design. Temperature drift in the system is < 10 °C/s. Values do not include clock jitter.
6. Tdgsckdl is the absolute value of the difference between any two Tdgsck measurements (in a byte lane) within a 32ms rolling
window. Tdgsckdl is not tested and is guaranteed by design. Temperature drift in the system is < 10 °C/s. Values do not include
clock jitter.

7. For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal crosses the transition
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threshold (VTT). Thz and Tlz transitions occur in the same access time (with respect to clock) as valid data transitions. These
parameters are not referenced to a specific voltage level but to the time when the device output is no longer driving (for Trpst,
Thz(DQS) and Thz(DQ)), or begins driving (for Trpre, TIz(DQS), Tlz(DQ)). Figure shows a method to calculate the point when
device is no longer driving Thz(DQS) and Thz(DQ), or begins driving TIz(DQS), TIz(DQ) by measuring the signal at two different

voltages. The actual voltage measurement points are not critical as long as the calculation is consistent.

VoH <
X1 ’;{ W Xomve
VT + 2X Y mV 2 X / oR-Am
VoH - 25 X my
VIT + ¥ mV —— f/tLEI.'DQS'J, " z(pQ)
actudl Way- -~ t t
viT = | HZ(DQS), THZ(DQ) VT
= Y
VIT- Y my J Y
morm VoL + 2x X my
VIT - 2% Y mV
\, VoL + X mV
VoL kﬁ
T1T2 “T1T2
Start driving point=2 = T1 -T2 End driving point =2« T1 -T2

Data Out measurement reference points
The parameters Tlz(DQS), TIz(DQ), Thz(DQS), and Thz(DQ) are defined as single-ended. The timing parameters

Trpre and Trpst are determined from the differential signal DQS, D Q S

8. Measured from the point when DQS, D Q $egins driving the signal to the point when DQS, D Q ®egins driving the first rising
strobe edge.

9. Measured from the last falling strobe edge of DQS, D Q $o the point when DQS, D Q Sinishes driving the signal.

10. CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK, C Kcrossing.

11. CKE input hold time is measured from CK, C Kcrossing to CKE reaching a HIGH/LOW voltage level.

12. Input set-up/hold time for signal (CA[9:0], C 3.

13. To ensure device operation before the device is configured, a number of AC boot-timing parameters are defined in this table.
Boot parameter symbols have the letter b appended (for example, Tck during boot is tCKb).

14. The LPDDR device will set some mode register default values upon receiving a RESET (MRW) command as specified in
AMode Regi ster Definitiono.

15. The output skew parameters are measured with default output impedance settings using the reference load.

16. The minimum Tck column applies only when Tck is greater than 6ns.

17. Timing derating applies for operation at 85°C to 105°C when the requirement to derate is indicated by mode register 4

op-codes.
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CA and C SSetup, Hold, and Derating

The For all input signals (CA and C 9, the total required setup time (Tis) and hold time (Tih) is calculated by adding the data
sheet Tis (base) and Tih (base) valuestothe @t I S and ot | H d e rely.tEkampgle: Nisgtbtal sekip time)es p e ¢
Tisc base) + omtlI S.

Setup (Tis) typical slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the first
crossing of VIH(AC)min. The setup (Tis) typical slew rate for a falling signal is defined as the slew rate between the last
crossing of Vrerpc) and the first crossing of VIL(AC)max. If the actual signal is always earlier than the typical slew rate line
between the shaded VREF(DC)-to-(AC) region, use the typical slew rate for the derating value. If the actual signal is later
than the typical slew rate line anywhere between the shaded VREF(DC)-to-AC region, the slew rate of a tangent line to the

actual signal from the AC level to the DC level is used for the derating value.

The hold (Tih) typical slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC)max and
the first crossing of VREF(DC). The hold (Tih) typical slew rate for a falling signal is defined as the slew rate between the last
crossing of VIH(DC)min and the first crossing of VREF(DC). If the actual signal is always later than the typical slew rate line
between the shaded DC-to-VREF(DC) region, use the typical slew rate for the derating value. If the actual signal is earlier
than the typical slew rate line anywhere between the shaded DC-to-VREF(DC) region, the slew rate of a tangent line to the

actual signal from the DC level to VREF(DC) level is used for the derating value.

For a valid transition, the input signal must remain above or below VIH/VIL(AC) for a specified time, Tvac. For slow slew
rates the total setup time could be a negative value (that is, a valid input signal will not have reached VIH/VIL(AC) at the time

of the rising clock transition). A valid input signal is still required to complete the transition and reach VIH/VIL(AC).

For slew rates between the values listed, the derating values are obtained using linear interpolation. Slew rate values are not

typically subject to production testing. They are verified by design and characterization.

CA and C SSetup and Hold Base Values (> 400 MHz, 1 VIns slew rate)

Data Rate
Parameter Reference
1066 800 667 533
Tis (base) 0 70 150 240 VIH/VIL(AC) = VREF(DC) + 220Mv
Tih (base) 90 160 240 330 VIH/VIL(DC) = VREF(DC) * 130Mv

Notes: AC/DC referenced for\I/ns CA and Sslew rate and 2 V/ns differential QK Kslew rate
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CA and C SSetup, Hold, and Derating (Continued)
Derating Values for AC/DC-based Tis/Tih (AC220) 1 ~ S, tlH derating in [ps], AC/DC-based

Notes: Cell contents shadedingreenNB RSFTFAYSR &4 ay2i adzl)lR2 NI SR®E

Derating Values for AC/DC-based Tis/Tih (AC300) i ~ IS, tH derating in [ps], AC/DC-based

Notes: / St f O2yidiSyidia akKFRSR Ay 3INBSYy INBE RSTAYSR la ay2d &dzid

Required Time for Valid Transition with Tvac Above VIH(AC) and Below VIL(AC)

Tvac at 300Mv (ps) Tvac at 220Mv (ps)
Slew Rate (V/ns) : :
Min Max Min Max
>2.0 75 < 175 G
2 57 C 170 C
1.5 50 C 167 G
1 38 C 163 C
0.9 34 C 162 C
0.8 29 C 161 G
0.7 22 C 159 G
0.6 13 C 155 G
0.5 0 C 150 G
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