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Features
• Density: 16Gb
• Data rate: 800Mhz(1600Mbps)
• 8n prefetch DDR architecture
• Array configuration

– 512 Meg x 32 (DDP)
• Interface: HSUL_12
• Burst lengths(BL):8
• Burst type(BT)
• Read latency(RL):3,6,8,9,10,11,12

       

       

    
      

     

      

    

 
   
   
   
   
 
     
 
      
  
    

Key Options
 • Power supply:

V =1 8VDD1 .
V =1 2VDD2 .
V =1 2VDDCA .
V =1 2VDDQ .

• Array configuration
– 512 Meg x 32 (DDP)

 • Packaging
  – 11mm x 11.5mm x 0.85mm, 178-ball FBGA       

 • Operating temperature range
– From 0°C to +75°C
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A 3LW        61A        32    -    1     2     D2     3KL     5    CS

Allwinner
Tech.

Mobile Devices
D2=DDP

Part Numbering System

Product Family
=3L Mobile

LPDDR3

Power Supplay
Interface
A=Vdd1=1.8V,
Vdd2=1.2V

Density
61=61 Gb

Organization
32=x32

Channel Num
1=single
Channel

 Application
 CS = Consumer

Speed
53 =1866Mbps

Package
KL =178Ball FBGA

CS number
2=2CS per channel

Part Numbering Information

 memory devices are available in different configurations and densities.

 

Base Part Number                                                                          Package Ball Pitch

 Low Power

 Capacity                                                                   Size

0.80mm
        0.65mm

178-ball FBGA
11 mm x 11.5mm 0x 58. mm

Organization  Die Num. 

                                                AWL3A1632-12D2L32CS  16Gb         256 x 32 x 2 DDP

noitamrofnI gniredrO :1 elbaT

Figure 1: Part Numbering
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Pin Descriptions

The pin description table below is a comprehensive list of signals for the device family.
All signals listed may not be supported on this device. See Bond Pad tables for informa-
tion specific to this device.

Table 2: Pin Descriptions

Symbol Type Description

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

CK_t, CK_c Input Clock: Differential clock inputs. All CA inputs are sampled on both rising and falling
edges of CK. CS and CKE inputs are sampled at the rising edge of CK. AC timings are ref-
erenced to clock.

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

CS[1:0]_n Input Chip select: Considered part of the command code and is sampled on the rising edge of
CK.

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

ODT Input On-die termination: Enables and disables termination on the DRAM DQ bus according
to the specified mode register settings. For packages that do not support ODT, the ODT
signal may be grounded internally.

DQ[31:0] I/O Data input/output: Bidirectional data bus.

DQS[3:0]_t,
DQS[3:0]_c

I/O Data strobe: Bidirectional (used for read and write data) and complementary (DQS_t
and DQS_c). It is edge-aligned output with read data and centered input with write data.
DQS[3:0]_t/DQS[3:0]_c is DQS for each of the four data bytes, respectively.

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.

VDDCA Supply Command/address power supply: Command/address power supply.

VSSCA Supply Command/address ground: Isolated on the die for improved noise immunity.

VDD1 Supply Core power: Supply 1.

VDD2 Supply Core power: Supply 2.

VSS Supply Common ground.

VREFCA, VREFDQ Supply Reference voltage: VREFCA is reference for command/address input buffers, VREFDQ is ref-
erence for DQ input buffers.

ZQ[1:0] Reference External reference ball for output drive calibration: This ball is tied to an external
240Ω resistor (RZQ), which is tied to VSSQ.

NU – Not usable: Do not connect.

NC – No connect: Not internally connected.

(NC) – No connect: Balls indicated as (NC) are no connects; however, they could be connected
together internally.
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1 2 3 4 5 6 7 8 9 10 11 12 13

A NU NU VDD1 VDD1 VDD1 VDD1 VDD2 VDD2 VDD1 VDDQ NU NU A

B NU VSS ZQ0 ZQ1 VSS VSSQ DQ31 DQ30 DQ29 DQ28 VSSQ NU B

C CA9 VSSCA NC VSS VSSQ DQ27 DQ26 DQ25 DQ24 VDDQ C

D CA8 VSSCA VDD2 VDD2 VDD2 DM3 DQ15 DQS3_t DQS3_c SSQ D

E CA7 CA6 VSS VSS VSSQ VDDQ DQ14 DQ13 DQ12 VDDQ E

F VDDCA CA5 VSSCA VSS VSSQ DQ11 DQ10 DQ9 DQ8 VSSQ F

G VDDCA VSSCA VSSCA VDD2 VSSQ DM1 VSSQ DQS1_t DQS1_c VDDQ G

H VSS VDDCA VREFCA VDD2 VDD2 VDDQ VDDQ VSSQ VDDQ VDD2 H

J CK_c CK_t VSSCA VDD2 VDD2 ODT VDDQ VDDQ VREFDQ VSS J

K VSS CKE0 CKE1 VDD2 VDD2 VDDQ NC VSSQ VDDQ VDD2 K

L VDDCA CS0_n CS1_n VDD2 VSS DM0 VSSQ DQS0_t DQS0_c VDDQ L

M VDDCA CA4 VSSCA VSS VSSQ DQ4 DQ5 DQ6 DQ7 VSSQ M

N CA2 CA3 VSS VSS VSSQ VDDQ DQ1 DQ2 DQ3 VDDQ N

P CA1 VSSCA VDD2 VDD2 VDD2 DM2 DQ0 DQS2_t DQS2_c VSSQ P

R CA0 NC VSS VSS VSSQ DQ20 DQ21 DQ22 DQ23 VDDQ R

T NU VSS VSS VSS VSS VSSQ DQ16 DQ17 DQ18 DQ19 VSSQ NU T

U NU NU VDD1 VDD1 VDD1 VDD1 VDD2 VDD2 VDD1 VDDQ NU NU U

1 2 3 4 5 6 7 8 9 10 11 12 13

GroundNU Power

(Top view)

Figure 2: Ball Assignments

Data Bus
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Figure 3: Package Drawing  178Ball

Seating plane

0.08 A

Ball A1 IDBall A1 ID

13 12 11 10 9 8 6 5 4 3 2 1

A
B
C
D
E
F

H
G

J
K
L
M
N
P
R
T
U

178X Ø0.3
Dimensions apply
to solder balls post-
reflow on Ø0.28
SMD ball pads.

0.65 TYP 0.8 TYP

10.4 CTR

9.6 CTR

11.5 ±0.1

11 ±0.1

0.78 ±0.07

0.17 MIN

A

Note: 1. All dimensions are in millimeters.
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Figure 4: Dual-Rank, Dual-Die, Single-Channel Package Block Diagram

LPDDR3

Die 0

LPDDR3

Die 1

CS1_n

CKE1

CS0_n

CKE0

ODT

CK_t

CK_c

DM[3:0]

CA[9:0]

DQ[31:0], DQS[3:0]_t,
DQS[3:0]_c

ZQ

RZQ

VDD1 VDD2 VDDQVDDCA VSS

VREFDQ
VREFCA

ODT

VSSCA VSSQ
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Table 3: Configuration Addressing – Single-Channel Package

Architectur 215e  Meg x 32

Density per packag 61e Gb

2Die per package

2Ranks (CS_n) per channel

1CS0_n
Die per rank

1CS1_n

   
Configuration per rank (CS_n)

23CS0 n_  Meg x 32 x 8 banks

23CS1 n_  Meg x 32 x 8 banks

Row addressin 23g K A[ 41 :0]

Column
addressing/CS_n

CS0 n_ 1KA[9:0]

CS1 n_ 1KA[9:0]
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Commands and Timing
The setup and hold timings shown in the figures below apply for all commands.

Figure 5: Command and Input Setup and Hold

 

CommandNOP Command

T0 T1 T2 T3
CK_c
CK_t

CS_n

CA
riseCA[9:0]

CMD

Don’t Care Transitioning data

CA
fall

CA
rise

CA
fall

CA
rise

CA
fall

CA
rise

CA
fall

NOP

tIS tIH tIS tIH

tIS tIH tIS tIH

VIL(AC)

VIH(DC)

VIH(AC)
VIL(DC)

Note: 1. Setup and hold conditions also apply to the CKE pin. For timing diagrams related to the
CKE pin, see the Power-Down section.

Figure 6: CKE Input Setup and Hold

 
T0 T1 Tx Tx + 1

CK_c
CK_t

CKE

HIGH or LOW, but defined

tIHCKE tISCKE tIHCKE tISCKE

V CKEIH VIHCKE
VILCKE VILCKE

Notes: 1. After CKE is registered LOW, the CKE signal level is maintained below VILCKE for tCKE
specification (LOW pulse width).

2. After CKE is registered HIGH, the CKE signal level is maintained above VIHCKE for tCKE
(HIGH pulse width).
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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 BA[2:0] 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 tRCD after the ACTI-
VATE 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 tRAS and tRP, respectively. The minimum time interval
between successive ACTIVATE commands to the same bank is determined by the RAS
cycle time of the device (tRC). The minimum time interval between ACTIVATE com-
mands to different banks is tRRD.

Figure 7: ACTIVATE Command

 

Bank n
row addr Row addr

ACTIVATE NOP ACTIVATE READ PRECHARGE ACTIVATENOP NOP

Bank m
row addr Row addr Bank n

col addr Col addr Bank n Bank n
row addr Row addr

CK_c
CK_t

CA[9:0]

CMD

tRRD
tRCD

tRC

tRAS tRP

Note: 1. A PRECHARGE ALL command uses tRPab timing, and a single-bank PRECHARGE com-
mand uses tRPpb timing. In this figure, tRP denotes either an all-bank PRECHARGE or a
single-bank PRECHARGE.

8-Bank Device Operation

Certain restrictions must be taken into consideration when operating 8-bank devices;
one restricts the number of sequential ACTIVATE commands that can be issued and
one provides additional RAS precharge time for a PRECHARGE ALL command.

The 8-Bank Device Sequential Bank Activation Restriction: No more than four banks
can be activated (or refreshed, in the case of REFpb) in a rolling tFAW window. The
number of clocks in a tFAW period depends on the clock frequency, which may vary. If
the clock frequency is not changed over this period, convert to clocks by dividing
tFAW[ns] by tCK[ns] and then rounding up to the next integer value. As an example of
the rolling window, if RU(tFAW/tCK) is 10 clocks, and an ACTIVATE command is issued
in clock n, no more than three further ACTIVATE commands can be issued at or be-
tween clock n + 1 and n + 9. REFpb also counts as bank activation for purposes of tFAW.
If the clock is changed during the tFAW period, the rolling tFAW window may be calcula-
ted in clock cycles by adding together the time spent in each clock period. The tFAW re-
quirement is met when the previous n clock cycles exceeds the tFAW time.

The 8-Bank Device PRECHARGE ALL Provision: tRP for a PRECHARGE ALL command
must equal tRPab, which is greater than tRPpb.
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Figure 8: tFAW Timing

 

CK_c
CK_t

CA[9:0]

Tn Tn+ Tm Tm+ Tx Tx+ Ty Ty + 1 Ty + 2 Tz Tz + 1 Tz + 2

Bank
A

ACTIVATE NOPCMD

Bank
A

Bank
B

ACTIVATE NOP

Bank
B

Bank
C

ACTIVATE NOP

Bank
C

Bank
D

ACTIVATE NOP

Bank
D

NOP NOP

Bank
E

ACTIVATE NOP

Bank
E

tRRD

tFAW

tRRD tRRD

Read and Write Access Modes
After a bank is activated, a READ or WRITE command can be issued with CS_n LOW,
CA0 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). A single READ or WRITE command initiates a burst
READ or burst WRITE operation on successive clock cycles. Burst interrupts are not al-
lowed.

9
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Burst READ Command
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, CA5r–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 tDQSCK delay is measured. The first valid
data is available RL × tCK + tDQSCK + tDQSQ after the rising edge of the clock when the
READ command is issued. The data strobe output is driven LOW tRPRE 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 input
timings for the data strobe are measured relative to the crosspoint of DQS_t and its
complement, DQS_c.

Figure 9: READ Output Timing

 
RLRL-1 RL + BL/2

CK_c
CK_t

DQS_c
DQS_t

DQ

tLZ(DQS)

DOUT DOUT DOUT DOUT DOUT DOUT DOUT DOUT

tHZ(DQS)

tRPRE tRPST

tDQSCK

tQH

tLZ(DQ) tHZ(DQ)

tDQSQmax tDQSQmax

tCLtCH

tQH

Transitioning data

Note: 1. tDQSCK can span multiple clock periods.

Figure 10: Burst READ – RL = 12, BL = 8, tDQSCK > tCK

 

Bank n
col addr

Col addr

READ NOP

T0 T1 T2 T12 Ta-1 Ta Ta+1 Ta+2 Ta+3 Ta+4

CA[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 12

Transitioning data

NOP NOP NOP NOP

tDQSCK

NOP

DOUT A0 DOUT A1 DOUT A2 DOUT A3 DOUT A4 DOUT A5 DOUT A6 DOUT A7

NOP NOP NOP

CK_c
CK_t
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Figure 11: Burst READ – RL = 12, BL = 8, tDQSCK < tCK

 

Bank n
col addr

Col addr

READ NOP

T0 T1 T2 T12 T13 T14 T15 T16 T17
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 12

Transitioning data

NOP NOP NOP NOP

tDQSCK

NOP

DOUTA0 DOUTA1 DOUTA2 DOUTA3 DOUTA4 DOUTA5 DOUTA6 DOUTA7

NOP NOP

Figure 12: Burst READ Followed by Burst WRITE – RL = 12, WL = 6, BL = 8

 

Bank n
col addr

Col addr

READ NOP

T0 T1 T2 T12 Ta - 1 Ta Ta + 1 Ta + 2 Ta + 3 Ta + 4 Ta + 9 Ta + 10
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 12 BL/2

Transitioning Data

NOP NOP NOP NOP

tDQSCK tDQSSmin

WRITE

DOUTA0 DOUTA1 DIN A0 DIN A1 DIN DOUTA2 DOUTA3

NOP NOP NOP NOP NOP

WL = 6

NOP

Bank n
col addr

Col addr

DOUTA4 DOUTA6 DOUTA7DOUTA5

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(tDQSCK(MAX)/tCK) + BL/2 + 1 - WL clock cycles.
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Figure 13: Seamless Burst READ – RL = 6, BL = 8, tCCD = 4

 
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15

CK_c
CK_t

RL = 6

Bank n
col addr a 

Col addr a

READ NOP

CA[9:0]

CMD

DQS_c
DQS_t

DQ

Transitioning data

READ READNOPNOP NOP

tCCD = 4 tCCD = 4

NOP

DOUT A4 DOUT A5 DOUT A6 DOUT A7DOUT A0 DOUT A1 DOUT A2 DOUT A3 DOUT B4 DOUT B5 DOUT B6 DOUT B7 DOUT C0 DOUT C1DOUTB0 DOUT B1 DOUT B2 DOUT B3

NOP NOP NOP NOP READ NOP NOP NOP

Bank n
col addr b

Bank n
col addr c

Col addr b Col addr c
Bank n

col addr d
Col addr d

The seamless burst READ operation is supported by enabling a READ command at ev-
ery 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.

tDQSCK Delta Timing

To allow the system to track variations in tDQSCK output across multiple clock cycles,
three parameters are provided: tDQSCKDL (delta long), tDQSCKDM (delta medium),
and tDQSCKDS (delta short). Each of these parameters defines the change in tDQSCK
over a short, medium, or long rolling window, respectively. The definition for each
tDQSCK-delta parameter is shown in the figures below.
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Figure 14: tDQSCKDL Timing

 

READ NOP

Tm Tm + 1 Tm + 2 Tm + 9 Tm + 10 Tb Tb + 1 Tb + 2

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 10

Transitioning data

NOP NOP NOP NOP

tDQSCKm

NOP

DOUTA0 DOUTA1 DOUTA2 DOUTA3

NOP NOP

CK_c
CK_t

1

Col addrBankn 
col addr

Col addrBankn 
col addr

READ NOP

Tn Tn + 1 Tn + 2 Tn + 9 Tn + 10 Ta Ta + 1 Ta + 12

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 10

…32ms maximum

32ms maximum…

NOP NOP NOP NOP

tDQSCKn

NOP NOP NOP

CK_c
CK_t

1

DOUTA4

DOUTA0 DOUTA1 DOUTA2 DOUTA3 DOUTA4

Notes: 1. tDQSCKDL = (tDQSCKn - tDQSCKm).
2. tDQSCKDL (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any

(tDQSCKn, tDQSCKm) pair within any 32ms rolling window.
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Figure 15: tDQSCKDM Timing

 

READ NOP

Tm Tm + 1 Tm + 2 Tm + 9 Tm + 10 Tb Tb + 1 Tb + 2

RL = 10

Transitioning data

NOP NOP NOP NOP

tDQSCKm

NOP NOP NOP

1

Col addrBank n
col addr

READ NOP

Tn Tn + 1 Tn + 2 Tn + 9 Tn + 10 Ta Ta + 1 Ta + 2

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 10

…1.6μs maximum

1.6μs maximum…

NOP NOP NOP NOP
tDQSCKn

NOP

DOUTA0 DOUTA1 DOUTA2 DOUTA3

NOP NOP

CK_c
CK_t

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

CK_c
CK_t

1

Col addrBank n
col addr

DOUTA4

DOUTA0 DOUTA1 DOUTA2 DOUTA3 DOUTA4

Notes: 1. tDQSCKDM = (tDQSCKn - tDQSCKm).
2. tDQSCKDM (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any

(tDQSCKn, tDQSCKm) pair within any 1.6μs rolling window.
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Figure 16: tDQSCKDS Timing

 

READ NOP

Tm Tm + 1 Tm + 2 Tm + 9 Tm + 10 Tb Tb + 1 Tb + 2

RL = 10

Transitioning data

NOP NOP NOP NOP

tDQSCKm

NOP NOP NOP

1

READ NOP

Tn Tn + 1 Tn + 2 Tn + 9 Tn + 10 Ta Ta + 1 Ta + 2

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

RL = 10

…160ns maximum

160ns maximum…

NOP NOP NOP NOP
tDQSCKn

NOP

DOUTA0 DOUTA1 DOUTA2 DOUTA3

NOP NOP

CK_c
CK_t

CA
[9:0]

CMD

DQS_c
DQS_t

DQ

CK_c
CK_t

1

Col addrBank n
col addr

Col addrBank n
col addr

DOUTA4

DOUTA5 DOUTA6 DOUTA7 DOUTA0DOUTA2 DOUTA3 DOUTA4 DOUTA5 DOUTA6 DOUTA2 DOUTA6 DOUTA7DOUTA3DOUTA2 DOUTA3 DOUTA4 DOUTA5DOUTA4

Notes: 1. tDQSCKDS = (tDQSCKn - tDQSCKm).
2. tDQSCKDS (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any

(tDQSCKn, tDQSCKm) pair for READs within a consecutive burst, within any 160ns rolling
window.
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Burst WRITE Command
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, CA5r–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 tDQSS delay is measured. The first valid data
must be driven WL × tCK + tDQSS from the rising edge of the clock from which the
WRITE command is issued. The data strobe signals (DQS) must be driven as shown in
Figure 25 (page 56). The burst cycle data bits must be applied to the DQ pins tDS prior
to the associated edge of the DQS and held valid until tDH after that edge. Burst data is
sampled on successive edges of the DQS_t until the burst length is completed. After a
burst WRITE operation, tWR 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.

Figure 17: Data Input (WRITE) Timing

 

 DQS_c

DQ

DM

VIL(AC)

VIH(AC)

tDS

tDQSL tDQSH tDQSL tWPST

tDHtDStDH

DIN DIN DIN DIN

VIL(DC)

VIH(DC)

tDH tDSVIL(DC)

VIH(DC)

tWPRE

tDHVIL(AC)

VIH(AC)

tDS VIL(DC)

VIH(DC)

Don’t Care
VIL(DC)

VIH(DC)

VIL(AC)

VIH(AC)

VIL(AC)

VIH(AC)

 DQS_t
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Figure 18: Burst WRITE

 

Bank n
col addr Col addr

WRITE

T0 Ta Ta + 1 ... Ta + 5 Tx Tx + 1 Ty Ty + 1
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

WL

tWR

Completion of burst WRITE

Transitioning Data

NOP NOP NOP PRECHARGE

tDQSS (MAX) tDSS tDSS

NOP

DIN A0 DIN A1 DIN A6 DIN A7

ACTIVATE NOP

Bank n Bank n
row addr Row addr

DQS_c
DQS_t

DQ

tWR

tDQSS (MIN) tDSH tDSH

tRP

tRP

DIN A0 DIN A1 DIN A2 DIN A7

Case 1: tDQSS (MAX)

Case 2: tDQSS (MIN)

NOP

Don’t Care

Figure 19: Method for Calculating tWPRE Transitions and Endpoints

 

DQS_t - DQS_c

T1
tWPRE begins

T2
tWPRE ends

tWPRE
Resulting differential 

signal relevant for 
tWPRE specification

0V

CK_t

CK_c

VTT
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Figure 20: Method for Calculating tWPST Transitions and Endpoints

 

tWPST
DQS_t - DQS_c

T1
tWPST begins

T2
tWPST ends

Resulting differential 
signal relevant for 
tWPST specification

0V

CK_t

CK_c

VTT

Figure 21: Burst WRITE Followed by Burst READ

 

Bank m
col addr a

Col addr a

WRITE NOP

T0 Tx Tx + 1 Tx + 2 Tx + 5 Tx + 9 Tx + 10 Tx + 11
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

WL RL

tWTR

Transitioning Data

NOP NOP NOP NOP READ

DIN A0 DIN A1 DIN A7

NOP NOP

Bank n
col addr b

Col addr b

Don’t Care

Notes: 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)].

2. tWTR starts at the rising edge of the clock after the last valid input data.
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Figure 22: Seamless Burst WRITE – WL = 4, BL = 8, tCCD = 4

 

Bank m
col addr a Col addr a

WRITE NOP

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

WL = 4

Transitioning Data

WRITENOPNOP NOP

tCCD = 4

NOP

DIN A4 DIN A5 DIN A6 DIN A7DIN A0 DIN A1 DIN A2 DIN A3 DIN B4 DIN B5 DIN B6 DIN B7 DIN C0 DIN C1DIN B0 DIN B1 DIN B2 DIN B3

NOP NOP NOP NOP NOP

Bank n
col addr b Col addr b

WRITE

Bank n
col addr c Col addr c

WRITE

Bank n
col addr d Col addr d

Don’t Care

Note: 1. The seamless burst WRITE operation is supported by enabling a WRITE command every
four clocks for BL = 8 operation. This operation is supported for any activated bank.
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Write Data Mask
LPDDR3 devices support one write data mask (DM) pin for each data byte (DQ), which
is consistent with LPDDR2 devices. 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. Inter-
nal data mask loading is identical to data bit loading to ensure matched system timing.

Figure 23: Data Mask Timing

 
DQS_c
DQS_t

DQ

DM

tDS tDH tDS

VIL(AC)

VIH(AC)

VIL(AC)

VIH(AC)

VIL(DC)

VIH(DC)

tDH

VIL(DC)

VIH(DC)

Don’t Care

Figure 24: Write Data Mask – Second Data Bit Masked

 

DQS_t
DQS_c

CK_c
CK_t

DQ

Don’t Care

DM

CMD

WL

tDQSS (MAX)

tDQSS (MIN)

DOUT 0

DOUT 1

DOUT 2 DOUT 3 DOUT 4 DOUT 5 DOUT 6 DOUT 7

WRITE

tWTR

tWR

DQS_t
DQS_c

DQ

DM

DOUT 0

DOUT 1

DOUT 2 DOUT 4DOUT 3 DOUT 5 DOUT 7DOUT 6

Case 1: tDQSS (MIN)

Case 2: tDQSS (MAX)
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PRECHARGE Command
The PRECHARGE command is used to precharge or close a bank that has been activa-
ted. 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 BA0, BA1, and BA2 are used to determine which bank(s)
to precharge. The precharged bank(s) will be available for subsequent row access tRPab
after an all-bank PRECHARGE command is issued, or tRPpb after a single-bank PRE-
CHARGE command is issued.

To ensure that LPDDR3 devices can meet the instantaneous current demand required
to operate, the row precharge time (tRP) for an all bank PRECHARGE (tRPab) will be lon-
ger than the row precharge time for a single-bank PRECHARGE (tRPpb). ACTIVATE to
PRECHARGE timing is shown in the ACTIVATE Command figure.

Table 4: Bank Selection for PRECHARGE by Address Bits

AB (CA4r) BA2 (CA9r) BA1 (CA8r) BA0 (CA7r)
Precharged Bank(s)

8-Bank Device

0 0 0 0 Bank 0 only

0 0 0 1 Bank 1 only

0 0 1 0 Bank 2 only

0 0 1 1 Bank 3 only

0 1 0 0 Bank 4 only

0 1 0 1 Bank 5 only

0 1 1 0 Bank 6 only

0 1 1 1 Bank 7 only

1 Don’t Care Don’t Care Don’t Care All banks
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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 (tRP) has elapsed. A PRECHARGE com-
mand cannot be issued until after tRAS is satisfied.

For LPDDR3 devices, the minimum READ-to-PRECHARGE time (tRTP) must also satisfy
a minimum analog time from the rising clock edge that initiates the last 8-bit prefetch
of a READ command. tRTP begins BL/2 - 4 clock cycles after the READ command. For
LPDDR3 READ-to-PRECHARGE timings, see the PRECHARGE and Auto Precharge Clar-
ification table.

Figure 25: Burst READ Followed by PRECHARGE – BL = 8, RU(tRTP(MIN)/tCK) = 2

 

Bank m
col addr a Col addr a

READ NOP

T0 T1 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4 Tx + 5
CK_c 
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

RL

tRP

Transitioning Data

NOP PRECHARGE NOPNOP

tRTP

ACTIVATE

DOUTA0 DOUTA1 DOUTA2 DOUTA3

NOP NOP

Bank m
Bank m

row addr Row addr

DOUTA4 DOUTA5 DOUTA6 DOUTA7
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Burst WRITE Followed by PRECHARGE

For WRITE cycles, a WRITE recovery time ( tWR) 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. The PRECHARGE command must not be issued
prior to the tWR delay. For LPDDR3 WRITE-to-PRECHARGE timings, see the PRE-
CHARGE and Auto Precharge Clarification table.

LPDDR3 devices write data to the array in prefetch multiples (prefetch = 8). An internal
WRITE operation can begin only after a prefetch group has been completely latched, so
tWR starts at prefetch bondaries.

The minimum WRITE-to-PRECHARGE time for commands to the same bank is WL +
BL/2 + 1 + RU(tWR/tCK) clock cycles.

Figure 26: Burst WRITE Followed by PRECHARGE – BL = 8

 

Bank n
col addr Col addr

WRITE NOP

T0 Tx Tx + 1 Tx + 4 Tx + 5 Ty Ty + 1 Tz Tz + 1
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

WL

tWR

Completion of burst WRITE

Transitioning Data

NOP NOP NOP PRECHARGE

tDQSS (MAX)

NOP

DIN A0 DIN A5 DIN A6 DIN A7

ACTIVATE NOP

Bank n Bank n
row addr Row addr

DQS_c
DQS_t

DQ

tDQSS (MIN)

tRP

DIN A0 DIN A1 DIN A6 DIN A7

Case 1: tDQSS (MAX)

Case 2: tDQSS (MIN)

Don’t Care
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Auto Precharge

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 WRITE command is issued to the device, the AP bit (CA0f) 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, a 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 func-
tion is engaged. This feature enables the PRECHARGE operation to be partially or com-
pletely hidden during burst READ cycles (dependent upon READ or WRITE latency),
thus improving system performance for random data access.

Burst READ with Auto Precharge

If AP (CA0f) is HIGH when a READ command is issued, the READ with auto precharge
function is engaged. The device starts an auto precharge on the rising edge of the clock,
BL/2 or BL/2 - 4 + RU(tRTP/tCK) clock cycles later than the READ with auto precharge
command, whichever is greater. For LPDDR3 auto precharge calculations, see the PRE-
CHARGE and Auto Precharge Clarification table.

Following an auto precharge operation, an ACTIVATE command can be issued to the
same bank if the following two conditions are satisfied simultaneously:

• The RAS precharge time (tRP) has been satisfied from the clock at which the auto pre-
charge begins.

• The RAS cycle time (tRC) from the previous bank activation has been satisfied.

Figure 27: LPDDR3 – Burst READ with Auto Precharge

 

Bank m
col addr a Col addr a

READ w/AP NOP

T0 T1 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4 Tx + 5
CK_c
CK_t

CA[9:0]

CMD

DQS_c
DQS_t

DQ

RL

Transitioning Data

NOP NOP NOP ACTIVATE

tRTP

NOP

DOUT A0 DOUT A1 DOUT A2 DOUT A3 DOUT A4 DOUT A5 DOUT A6 DOUT A7

NOP NOP

Bank m
row addr Row addr

tRPpb
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Burst WRITE with Auto Precharge

If AP (CA0f) is HIGH when a WRITE command is issued, the WRITE with auto precharge
function is engaged. The device starts an auto precharge at the clock rising edge tWR
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 (tRP) has been satisfied from the clock at which the auto pre-
charge begins.

• The RAS cycle time (tRC) from the previous bank activation has been satisfied.

Figure 28: Burst WRITE with Auto Precharge – BL = 8

 

Bank n
col addr Col addr

WRITE NOP

T0 Tx Tx + 1 ... Tx + 5 Ty Ty + 1 Tz Tz + 1
CK_c
CK_t

CA[9:0]

CMD

DQS_t
DQS_c

DQ

WL

tWR

Transitioning Data

NOP NOP NOP NOP NOP

DIN A0 DIN A1 DIN A6 DIN A7

ACTIVATE NOP

Bank n
row addr Row addr

tRPpb

Don’t Care
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Table 5: PRECHARGE and Auto Precharge Clarification

From
Command To Command Minimum Delay Between Commands Unit Notes

READ PRECHARGE to same bank as READ BL/2 + MAX (4, RU(tRTP/tCK)) - 4 CLK 1

PRECHARGE ALL BL/2 + MAX (4, RU(tRTP/tCK)) - 4 1

READ w/AP PRECHARGE to same bank as READ w/AP BL/2 + MAX (4, RU(tRTP/tCK)) - 4 CLK 1, 2

PRECHARGE ALL BL/2 + MAX(4, RU(tRTP/tCK)) - 4 1

ACTIVATE to same bank as READ w/AP BL/2 + MAX(4, RU(tRTP/tCK)) - 4 + RU(tRPpb/
tCK)

1

WRITE or WRITE w/AP (same bank) Illegal 3

WRITE or WRITE w/AP (different bank) RL + BL/2 + RU(tDQSCKmax/tCK) - WL + 1 3

READ or READ w/AP (same bank) Illegal 3

READ or READ w/AP (different bank) BL/2 3

WRITE PRECHARGE to same bank as WRITE WL + BL/2 + RU(tWR/tCK) + 1 CLK 1

PRECHARGE ALL WL + BL/2 + RU(tWR/tCK) + 1 1

WRITE w/AP PRECHARGE to same bank as WRITE w/AP WL + BL/2 + RU(tWR/tCK) + 1 CLK 1

PRECHARGE ALL WL + BL/2 + RU(tWR/tCK) + 1 1

ACTIVATE to same bank as WRITE w/AP WL + BL/2 + RU(tWR/tCK) + 1 + RU(tRPpb/tCK) 1

WRITE or WRITE w/AP (same bank) Illegal 3

WRITE or WRITE w/AP (different bank) BL/2 3

READ or READ w/AP (same bank) Illegal 3

READ or READ w/AP (different bank) WL + BL/2 + RU(tWTR/tCK) + 1 3

PRECHARGE PRECHARGE to same bank as PRECHARGE 1 CLK 1

PRECHARGE ALL 1 1

PRECHARGE
ALL

PRECHARGE 1 CLK 1

PRECHARGE ALL 1 1

Notes: 1. For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE
command, which will be either a one-bank PRECHARGE command or a PRECHARGE ALL
command, issued to that bank. The PRECHARGE period is satisfied after tRP, depending
on the latest PRECHARGE command issued to that bank.

2. Any command issued during the specified minimum delay time is illegal.
3. After a READ with auto precharge command, seamless READ operations to different

banks are supported. After a WRITE with auto precharge command, seamless WRITE op-
erations to different banks are supported. READ with auto precharge and WRITE with
auto precharge commands must not be interrupted or truncated.
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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 command or at
every exit from self refresh.

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
have been met (see the REFRESH Command Scheduling Separation Requirements ta-
ble):

• tRFCab has been satisfied after the prior REFab command
• tRFCpb has been satisfied after the prior REFpb command
• tRP has been satisfied after the prior PRECHARGE command to that bank
• tRRD has been satisfied after the prior ACTIVATE command (if applicable, for exam-

ple after activating a row in a different bank than the one affected by the REFpb com-
mand)

The target bank is inaccessible during per-bank REFRESH cycle time (tRFCpb); howev-
er, 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 WRITE command. When the
per-bank REFRESH cycle has completed, the affected bank will be in the idle state.

After issuing REFpb, the following conditions must be met (see the REFRESH Com-
mand Scheduling Separation Requirements table):

• tRFCpb must be satisfied before issuing a REFab command
• tRFCpb must be satisfied before issuing an ACTIVATE command to the same bank
• tRRD must be satisfied before issuing an ACTIVATE command to a different bank
• tRFCpb 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 the
REFRESH Command Scheduling Separation Requirements table):

• tRFCab has been satisfied following the prior REFab command
• tRFCpb 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 RE-
Fab:
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• tRFCab latency must be satisfied before issuing an ACTIVATE command
• tRFCab latency must be satisfied before issuing a REFab or REFpb command

Table 6: REFRESH Command Scheduling Separation Requirements

Symbol
Minimum

Delay From To Notes
tRFCab REFab REFab  

ACTIVATE command to any bank  

REFpb  
tRFCpb REFpb REFab  

ACTIVATE command to same bank as REFpb  

REFpb  
tRRD REFpb ACTIVATE command to a different bank than REFpb  

ACTIVATE REFpb 1

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 com-
mand REFab is prohibited. 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 device regularly
every tREFI interval. To allow for improved efficiency in scheduling and switching be-
tween tasks, some flexibility in the absolute refresh interval is provided for postponing
and pulling in the refresh command. A maximum of eight REFRESH commands can be
postponed during operation of the device, but at no point in time are more than a total
of eight REFRESH commands allowed to be postponed. In the case where eight RE-
FRESH commands are postponed in a row, the resulting maximum interval between the
surrounding REFRESH commands is limited to 9 × tREFI. A maximum of eight addition-
al 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 eight REFRESH commands in advance does not reduce the number of regu-
lar REFRESH commands required later; therefore, the resulting maximum interval be-
tween two surrounding REFRESH commands is limited to 9 x tREFI. At any given time, a
maximum of 16 REFRESH commands can be issued within 2 x tREFI.

For per bank refresh, a maximum of 8 × 8 per bank REFRESH commands can be post-
poned or pulled in for scheduling efficiency. At any given time, a maximum of 2 × 8 per
bank REFRESH commands may be issued within 2 × tREFI.
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Figure 29: REFRESH Command Timing

 
T0 T1 Ta0 Ta1 Tb0 Tb1 Tb2 Tb3 Tc0 Tc1 Tc2 Tc3

CK_t

CMD

CK_c

REF NOP

tRFC tRFC (MIN)

tREFI (MAX 9   tREF)

NOP REF NOP NOP Vaild Vaild Vaild Vaild Vaild REF

DRAM must be idle DRAM must be idle

Vaild Vaild Vaild

Notes: 1. Only NOP commands are allowed after the REFRESH command is registered until tRFC
(MIN) expires.

2. The time interval between two REFRESH commands may be extended to a maximum of
9 ×tREFI.

Figure 30: Postponing REFRESH Commands

 

9 tREFI  

tREFI 

8 REFRESH commands postponed

t

Figure 31: Pulling In REFRESH Commands

 

9 tREFI  

tREFI  

8 REFRESH commands pulled-in

t
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REFRESH Requirements

Minimum REFRESH Commands

LPDDR3 requires a minimum number, R, of REFRESH (REFab) commands within any
rolling refresh window (tREFW = 32ms @ MR4[2:0] = 011 or TC ≤ 85˚C). For actual values
per density and the resulting average refresh interval (tREFI), see the Refresh Require-
ment Parameters (Per Density) table.

For tREFW and tREFI refresh multipliers at different MR4 settings, see the MR4 Device
Temperature (MA[7:0] = 04h) and the MR4 Op-Code Bit Definitions tables.

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

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 post-
poned, additional REFRESH commands may be postponed, but the total number of
postponed refresh commands (before and after the self refresh) must never exceed
eight. During self refresh mode, the number of postponed or pulled-in REFRESH com-
mands does not change.

An internally timed refresh event can be missed when CKE is raised for exit from self
refresh mode. After exiting self refresh, the device requires a minimum of one extra RE-
FRESH command before it is put back into self refresh mode.
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Figure 32: All-Bank REFRESH Operation

 

AB

PRECHARGE NOP

T0 T1 T2 T3 T4 Tx Tx + 1 Ty Ty + 1
CK_c
CK_t

CA[9:0]

CMD NOP REFab NOP REFab

tRPab tRFCab tRFCab

NOP Any

Figure 33: Per-Bank REFRESH Operation

 

AB

PRECHARGE

REFRESH to bank 0

NOP

T0 T1 Tx Tx + 1 Tx + 2 Ty Ty + 1 Tz Tz + 1
CK_c
CK_t

CA[9:0]

CMD NOP REFpb REFpb

tRPab tRFCpb tRFCpb

ACTIVATE

Bank 1
Row A Row A

REFRESH to bank 1 ACTIVATE command
to bank 1

Notes: 1. In the beginning of this example, the REFpb bank counter points to bank 0.
2. Operations to banks other than the bank being refreshed are supported during the

tRFCpb period.
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SELF REFRESH Operation
The SELF REFRESH command can be used to retain data in the array, even if the rest of
the system is powered-down. When in the self refresh mode, the device retains data
without external clocking. The device has a built-in timer to accommodate SELF RE-
FRESH operation. The SELF REFRESH command is executed by taking CKE LOW, CS_n
LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock. CKE must be
HIGH during the clock cycle preceding a SELF REFRESH command. 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 tCPDED. CKE LOW will result in deactivation of input receivers after tCPDED
has expired. After the power-down command is registered, CKE must be held LOW to
keep the device in self refresh mode.

Mobile LPDDR3 devices can operate in self refresh mode in both the standard and ex-
tended temperature ranges. These devices also manage self refresh power consumption
when the operating temperature changes, resulting in the lowest possible power con-
sumption across the operating temperature range. See the IDD Specification Parameters
and Operating Conditions table for details.

After the device has entered self refresh mode, all external signals other than CKE are
“Don’t Care.” For proper SELF REFRESH operation, power supply pins (VDD1, VDD2,
VDDQ, and VDDCA) must be at valid levels. VDDQ can be turned off during self refresh. If
VDDQ is turned off, VREFDQ must also be turned off. Prior to exiting self refresh, both
VDDQ and VREFDQ must be within their respective minimum/maximum operating rang-
es (see AC and DC Operating Conditions). VREFDQ can be at any level between 0 and
VDDQ; VREFCA can be at any level between 0 and VDDCA during self refresh.

Before exiting self refresh, VREFDQ and VREFCA must be within specified limits (see the AC
and DC Logic Input Measurement Levels for Single-Ended Signals section). After enter-
ing self refresh mode, the device initiates at least one all-bank REFRESH command in-
ternally during tCKESR. The clock is internally disabled during SELF REFRESH opera-
tion to save power. The device must remain in self refresh mode for at least tCKESR. The
user can change the external clock frequency or halt the external clock one clock after
self refresh entry is registered; however, the clock must be restarted and stable before
the device can exit SELF REFRESH operation.

Exiting self refresh requires a series of commands. First, the clock must be stable prior
to CKE returning HIGH. After the self refresh exit is registered, a minimum delay, at least
equal to the self refresh exit interval (tXSR), must be satisfied before a valid command
can be issued to the device. This provides completion time for any internal refresh in
progress. For proper operation, CKE must remain HIGH throughout tXSR. NOP com-
mands must be registered on each rising clock edge during tXSR. For the description of
ODT operation and specifications during self-refresh entry and exit, see "On Die Termi-
nation" section.

Using self refresh mode introduces the possibility that an internally timed refresh event
could be missed when CKE is driven HIGH for exit from self refresh mode. Upon exiting
self refresh, at least one REFRESH command (one all-bank command or eight per-bank
commands) must be issued before issuing a subsequent SELF REFRESH command.
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Figure 34: SELF REFRESH Operation

 

Exit
SR ValidNOPNOPEnter

SR NOP NOP

Enter self refresh mode

Input clock frequency can be changed
or clock can be stopped during self refresh.

Valid

CK

CKE

CS_n

CMD

tCKESR (MIN) tXSR (MIN)

2 tCK (MIN)

tIHCKE tIHCKE

tISCKE tISCKE

Exit self refresh mode

Don’t Care

CPDEDt

Notes: 1. Input clock frequency can be changed or stopped during self refresh, provided that
upon exiting self-refresh, a minimum of two cycles of stable clocks are provided, and the
clock frequency is between the minimum and maximum frequencies for the particular
speed grade.

2. The device must be in the all-banks-idle state prior to entering self refresh mode.
3. tXSR begins at the rising edge of the clock after CKE is driven HIGH.
4. A valid command can be issued only after tXSR is satisfied. NOPs must be issued during

tXSR.
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On-Die Termination (ODT)
On-die termination (ODT) is a feature that enables the device to enable/disable and 
turn on/off termination resistance for each DQ, DQS, and DM signal via the ODT con- 
trol pin. ODT is designed to improve signal integrity of the memory channel by enabling 
the DRAM controller to independently turn on/off the internal termination resistance 
for any or all DRAM devices. The ODT pin directly controls ODT operation and is not 
sampled by the clock.

ODT is turned off and not supported in self refresh and deep power-down modes. The 
device will also disable termination during READ operations. ODT operation can be en- 
abled optionally during power-down mode via a mode register. Note that if ODT is ena-
bled 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 ODT feature is shown below.

Figure 35:Functional Representation of On-Die Termination

 

ODT
VDDQ

RTT

Switch

DQ, DQS, DM

To other
circuitry
such as
RCV, 
. . . 

The switch is enabled by the internal ODT control logic, which uses the external ODT
pin and other control information. The value of RTT (ODT termination resistance value)
is determined by the settings of several mode register bits. The ODT pin will be ignored
if MR11 is programmed to disable ODT in self refresh, in deep power-down, in CKE
power-down (mode register option), and during READ operations.

ODT Mode Register

ODT mode is enabled if MR11[1:0] are non-zero. In this case, the value of RTT is deter-
mined by the settings of those bits. ODT mode is disabled if MR11[1:0] are zero.
MR11[2] determines whether ODT will operate during power-down mode if enabled
through MR11[1:0].

Asychronous ODT

When enabled, the ODT feature is controlled asynchronously based on the status of the
ODT pin. ODT is off under any of the following conditions:

• ODT is disabled through MR11[1:0]
• Device is performing a READ operation (READ or MRR)
• Device is in power-down mode and MR11[2] is zero
• Device is in self refresh or deep power-down mode
• Device is in CA training mode

In asynchronous ODT mode, the following timing parameters apply when ODT opera-
tion is controlled by the ODT pin tODToff, tODTon.
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Minimum RTT turn-on time (tODTon [MIN]) is the point in time when the device termi-
nation circuit leaves High-Z state and ODT resistance begins to turn on. Maximum RTT
turn-on time (tODTon,max) is the point in time when ODT resistance is fully on. tOD-
Ton (MIN) and tODTon (MAX) are measured from ODT pin HIGH.

Minimum RTT turn-off time (tODToff [MIN]) is the point in time when the device termi-
nation circuit starts to turn off the ODT resistance. Maximum ODT turn off time (tODT-
off [MAX]) is the point in time when the on-die termination has reached High-Z. tODT-
off,min and tODToff (MAX) are measured from ODT pin LOW.

ODT During READ Operations (READ or MRR)

During READ operations, the device 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).

ODT During Power-Down

When MR11[2] is zero, termination control through the ODT pin will be disabled when
the DRAM enters power-down. After a power-down entry is registered, termination will
be disabled within a time window specified by tODTd (MIN) (MAX). ODT pin control is
resumed when power-down is exited (if ODT mode is enabled). Between the POWER-
DOWN EXIT command and until tXP is satisfied, termination will transition from disa-
bled to control by the ODT pin. When tXP is satisfied, the ODT pin is used to control
termination.

Minimum RTT disable time (tODTd [MIN]) is the point in time when the device termina-
tion circuit is no longer controlled by the ODT pin. Maximum ODT disable time (tODTd
[MAX]) is the point in time when ODT will be in High-Z.

When MR11[2] is enabled and MR11[1:0] are non-zero, ODT operation is supported
during CKE power-down with ODT control through the ODT pin.

ODT During Self Refresh

The device disables the ODT function during self refresh. After a SELF REFRESH com-
mand is registered, termination will be disabled within a time window specified by
tODTd (MIN) (MAX). During self refresh exit, ODT control through the ODT pin is re-
sumed (if ODT mode is enabled). Between the SELF REFRESH EXIT command and until
tXSR is satisfied, termination will transition from disabled to control by the ODT pin.
When tXSR is satisfied, the ODT pin is used to control termination.

ODT During Deep Power-Down

The device 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 tODTd (MIN) (MAX).

ODT During CA Training and Write Leveling

During CA training mode, the device will disable ODT and ignore the state of the ODT
control pin. For ODT operation during write leveling mode, refer to the DRAM Termina-
tion Function in Write-Leveling Mode table for termination activation and deactivation
for DQ and DQS_t/DQS_c. If ODT is enabled, the ODT pin must be HIGH in write level-
ing mode.
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Table 7: DRAM Termination Function in Write-Leveling Mode

ODT Pin DQS Termination DQ Termination

De-asserted OFF OFF

Asserted ON OFF

Table 8: ODT States Truth Table

 Write
Read/DQ

Calibration
ZQ

Calibration
CA

Training
Write

Leveling

DQ
termination

Enabled Disabled Disabled Disabled Disabled

DQS
termination

Enabled Disabled Disabled Disabled Enabled

Figure 36: Asynchronous ODT Timing – RL = 12

 

CK_t,
CK_c

CMD

DQS_t,
DQS_c

CA[9:0]

T0 T1 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

ODT

DRAM_RTT

Bank n
Col add

READ

RL = 12

DO
0

DO
1

DO
2

DO
3

DO
4

DO
5

DO
6

DO
7

tODToff (MIN)

tODToff (MIN)

tODTon (MAX)

tODTon (MIN)

ODTon ODToff

tDQSCK

DQ

Don’t Care

Col add
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Figure 37: Automatic ODT Timing During READ Operation – RL = m

 

CK_t,
CK_c

CMD

DQS_t,
DQS_c

CA[9:0]

T0 T1 Tm-3 Tm-2 Tm-1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8 Tm+9

ODT

DRAM_RTT

READ

DQ

Don’t Care

RL = m BL/2 tHZ(DQS)

DO
0

DO
1

DO
2

DO
3

DO
4

DO
5

DO
6

DO
7

tAODToff tAODTon

ODTon ODTonODToff

tDQSCK

Bank n
Col add

Col add

Notes: 1. The automatic RTT turn-off delay, tAODToff, is referenced from the rising edge of RL - 2
clock at Tm-2.

2. The automatic RTT turn-on delay, tAODTon, is referenced from the rising edge of RL +
BL/2 clock at Tm+4.

Figure 38: ODT Timing During Power-Down, Self Refresh, Deep Power-Down Entry/Exit

 

CK_t,
CK_c

T0 T1 T2 T3 Tm-2Tm-1 Tm Tm+1 Tm+2 Tn

ODT

DRAM_RTT

Don’t Care

tODTe

ODTon ODTonODToff

CKE

tODTd

Note: 1. Upon exiting of deep power-down mode, a complete power-up initialization sequence
is required.
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Power-Down
Power-down is entered synchronously when CKE is registered LOW and CS_n is HIGH
at the rising edge of clock. A NOP command must be driven in the clock cycle following
the POWER-DOWN command. 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 IDD specification is not applied until such operations are complete.

Entering power-down deactivates the input and output buffers, excluding CKE. To en-
sure enough time to account for internal delay on the CKE signal path, two NOP com-
mands are required after CKE is driven LOW. this timing period is defined as tCPDED.
CKE LOW results in deactivation of input receivers after tCPDED 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 tCKE is satisfied, and VREFCA must be maintained at a valid
level during power-down.

VDDQ can be turned off during power-down. If VDDQ is turned off, VREFDQ must also be
turned off. Prior to exiting power-down, both VDDQ and VREFDQ must be within their re-
spective minimum/maximum operating ranges (see the AC and DC Operating Condi-
tions section).

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 tCKE is satisfied. A valid, executable command can be
applied with power-down exit latency tXP after CKE goes HIGH. Power-down exit laten-
cy is defined in the AC Timing table.

If power-down occurs when all banks are idle, this mode is referred to as idle power-
down; if power-down occurs when a row is 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 the On-Die Termination section.
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Figure 39: Power-Down Entry and Exit Timing

 

Exit
PD ValidNOPNOPEnter

PD NOP

Enter power-down mode

Input clock frequency can be changed
or the input clock can be stopped during power-down.1

Valid

CKE

CS_n

CMD

tCKE  (MIN) 

 2 tCK (MIN) 

tIHCKE

Exit power-down mode

Don’t Care

tISCKE tISCKE

NOP

tXP    (MIN) 

tIHCKE tCKE  (MIN) 

tCPDED

CK

Note: 1. Input clock frequency can be changed or the input clock stopped during power-down,
provided that the clock frequency is between the minimum and maximum specified fre-
quencies for the speed grade in use and that prior to power-down exit, a minimum of
two stable clocks complete.

Figure 40: CKE Intensive Environment

 
CK_c
CK_t

CKE

tCKEtCKE tCKE tCKE
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Figure 41: REFRESH to REFRESH Timing in CKE Intensive Environments

 
CK_c
CK_t

CKE

CMD

tCKEtCKE tCKE tCKE

REFRESH REFRESH

tXP
tREFI

tXP

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 en-
sured.

Figure 42: READ to Power-Down Entry

 

CKE1, 2

T0 T1 T2 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4 Tx + 5 Tx + 6 Tx + 7 Tx + 8 Tx + 9

CMD

DQ

DQS_c
DQS_t

READ

DOUT DOUT DOUT DOUT DOUT DOUT DOUT DOUT

RL tISCKE

CK_t
CK_c

Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at {RL + RU[tDQSCK(MAX)/tCK] + BL/2 + 1} clock cycles after

the clock on which the READ command is registered.
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Figure 43: READ with Auto Precharge to Power-Down Entry

 

READ w/AP PRE4

BL/23

CK_c
CK_t

CKE1, 2

T0 T1 T2 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4 Tx + 5 Tx + 6 Tx + 7 Tx + 8 Tx + 9

CMD

DQ

DQS_c
DQS_t

DOUT DOUT DOUT DOUT DOUT DOUT DOUT DOUT

RL tISCKE

Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at [RL + RU(tDQSCK/tCK) + BL/2 + 1] clock cycles after the

clock on which the READ command is registered.
3. BL/2 with tRTP = 7.5ns and tRAS (MIN) is satisfied.
4. Start internal PRECHARGE.

Figure 44: WRITE to Power-Down Entry

 

tWR

CK_c
CK_t

CKE1

T0 T1 Tm Tm + 1 Tm + 2 Tm + 3 Tm + 4 Tm + 5 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4

CMD

DQ

DQS_c
DQS_t

WRITE

DIN DIN DIN DIN DIN DIN DIN DIN

WL tISCKEBL/2

Note: 1. CKE can be registered LOW at [WL + 1 + BL/2 + RU(tWR/tCK)] clock cycles after the clock
on which the WRITE command is registered.
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Figure 45: WRITE with Auto Precharge to Power-Down Entry

 

BL/2

CK_c
CK_t

CKE1

T0 T1 Tm Tm + 1 Tm + 2 Tm + 3 Tm + 4 Tm + 5 Tx Tx + 1 Tx + 2 Tx + 3 Tx + 4

CMD

DQ

DQS_c
DQS_t

DIN DIN DIN DIN DIN DIN DIN DIN

WL

tWR

PRE2

tISCKE

WRITE w/AP

Notes: 1. CKE can be registered LOW at [WL + 1 + BL/2 + RU(tWR/tCK) + 1] clock cycles after the
WRITE command is registered.

2. Start internal PRECHARGE.

Figure 46: REFRESH Command to Power-Down Entry

 

CK_c
CK_t

CKE1

CMD REFRESH

tIHCKE

tISCKE

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

Note: 1. CKE can go LOW tIHCKE after the clock on which the REFRESH command is registered.
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Figure 47: ACTIVATE Command to Power-Down Entry

 

CK_c
CK_t

CKE1

CMD ACTIVATE

tIHCKE

tISCKE

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

Note: 1. CKE can go LOW at tIHCKE after the clock on which the ACTIVATE command is regis-
tered.

Figure 48: PRECHARGE Command to Power-Down Entry

 

CK_c
CK_t

CKE1

CMD PRE

tIHCKE

tISCKE

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

Note: 1. CKE can go LOW tIHCKE after the clock on which the PRECHARGE command is regis-
tered.
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Figure 49: MRR Power-Down Entry
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CMD

DQ

DQS_c
DQS_t

CK_t
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DOUT

RL tISCKE

DOUT DOUT DOUT DOUT DOUT DOUT DOUT

CK_c

Note: 1. CKE can be registered LOW at [RL + RU(tDQSCK/tCK)+ BL/2 + 1] clock cycles after the
clock on which the MRR command is registered.

Figure 50: MRW Command to Power-Down Entry

 

CK_c
CK_t

CKE1

CMD

tMRW

MRW

tISCKE

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

Note: 1. CKE can be registered LOW tMRW after the clock on which the MRW command is regis-
tered.

Deep Power-Down
Deep power-down (DPD) is entered when CKE is registered LOW with CS_n LOW, CA0
HIGH, CA1 HIGH, and CA2 LOW at the rising edge of the clock. All banks must be in the
idle state with no activity on the data bus prior to entering DPD mode. During DPD,
CKE must be held LOW. The contents of the device will be lost upon entering DPD
mode.

In DPD mode, all input buffers except CKE, all output buffers, and the power supply to
internal circuitry are disabled within the device. To ensure that there is enough time to
account for internal delay on the CKE signal path, two NOP commands are required af-
ter CKE is driven LOW; this timing period is defined as tCPDED. CKE LOW will result in
deactivation of command and address receivers after tCPDED has expired. VREFDQ can
be at any level between 0 and VDDQ, and VREFCA can be at any level between 0 and VDDCA
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during DPD. All power supplies, including VREF, must be within the specified limits pri-
or to exiting DPD (see AC and DC Operating Conditions).

DPD mode is exited when CKE is registered HIGH while meeting tISCKE, and the clock
must be stable. The device must be fully reinitialized using the power-up initialization
sequence. For a description of ODT operation and specifications during DPD entry and
exit, see the ODT During Deep Power-Down section.

Figure 51: Deep Power-Down Entry and Exit Timing

 

Exit
DPD RESETNOPEnter

DPD NOP NOP

Enter DPD mode

Input clock frequency can be changed
or the input clock can be stopped during DPD.

NOP

CK

CKE

CS_n

CMD

tDPD

tINIT31, 2tIHCKE

tISCKE

tRP

tISCKE

Exit DPD mode Don’t Care

2 tCK (MIN)tCPDED

Notes: 1. The initialization sequence can start at any time after Tx + 1.
2. tINIT3 and Tx + 1 refer to timings in the initialization sequence. For details, see the

Mode Register Definition section.
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AC Timing

Table 9: AC Timing

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

2133186616001333 NotesUnit

Maximum frequenc   y   –  – T.B.             D  800                      T.B.D MHz

Clock Timing

   
Average clock period

 
tCK(avg)

MI              N T.B.            D    1.25.                  T.B.D
ns

100MAX

Average HIGH pulse width
0.45MIN

tCH(avg) tCK(avg)
0.55MAX

Average LOW pulse width
0.45MIN

tCL(avg) tCK(avg)
0.55MAX

Absolute clock period t MINCK(abs) tCK(avg) MIN + t nsJIT(per) MIN

Absolute clock HIGH pulse
width

MIN
tCH(abs)

0.43
tCK(avg)

MAX 0.57

Absolute clock LOW pulse
width

tCL(abs)
MIN 0.43

tCK(avg)
MAX 0.57

Clock period jitter (with sup-
ported jitter)

tJIT(per), al-
lowed

MIN           T B D. .          –70                         T B D. .                
ps

MAX           T.B.D           70                          T B D. .           

Maximum clock jitter be-
tween two consecutive clock
cycles (with allowed jitter)

tJIT(cc), al-
lowed

MAX           
T B D. .

          
140

                        
T B D. .

               
ps

Duty cycle jitter (with sup- 
ported jitter)

tJIT(duty),
allowed

min((MIN tCH(abs),min - tCH(avg),min),
(tCL(abs),min - tCL(avg),min)) × tCK(avg)

ps
max((MAX tCH(abs),max - tCH(avg),max),

(tCL(abs),max - tCL(avg),max)) × tCK(avg)

Cumulative errors across 2 cy-
cles

tERR(2per),
allowed

MIN            T.B.D         -103            T.B.D             
ps

   

MAX           T.B.D             103                        T.B.D

Cumulative errors across 3 cy-
cles

tERR(3per),
allowed

MIN T.B.D         -122           T.B.D             
ps

MAX           T.B.D           122   
 

         T.B.D

Cumulative errors across 4 cy-
cles

tERR(4per),
allowed

MIN T.B.D          -136             T.B.D              
ps

MAX           T.B.D           136            T.B.D   

Cumulative errors across 5 cy-
cles

tERR(5per),
allowed

MIN T.B.D         -147             T.B.D              
ps

MAX           T.B.D           147                        T.B.D

Cumulative errors across 6 cy-
cles

tERR(6per),
allowed

MIN T.B.D            -155            T.B.D
ps

MAX           T.B.D           155            T.B.D

Cumulative errors across 7 cy-
cles

tERR(7per),
allowed

MIN T.B.D          -163            T.B.D
ps

MAX           T.B.D           163            T.B.D

Cumulative errors across 8 cy-
cles

tERR(8per),
allowed

MIN T.B.D          -169            T.B.D
ps

MAX           T.B.D            169           T.B.D
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Table 10: AC Timing (Continued)

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

Unit Notes1333 1600 1866 2133

Cumulative errors across 9 cy-
cles

tERR(9per),
allowed

MIN T.B.D         -175                        T.B.D              
ps

MAX            T.B.D           175                        T.B.D

Cumulative errors across 10
cycles

tERR(10per),
allowed

MIN T.B.D         -180                        T.B.D              
ps

MAX           T.B.D            180                       T.B.D

Cumulative errors across 11
cycles

tERR(11per),
allowed

MIN T.B.D         -184             T.B.D              
ps

MAX            T.B.D           184                        T.B.D

Cumulative errors across 12
cycles

tERR(12per),
allowed

MIN T.B.D         -188             T.B.D              
ps

MAX            T.B.D           188                        T.B.D

Cumulative errors across n = 
13, 14, 15…, 19, 20 cycles

tERR(nper),
allowed

MIN
tERR(nper),allowed MIN = (1 + 0.68ln(n)) ×

tJIT(per), allowed MIN
ps

MAX
tERR (nper), allowed MAX = (1 + 0.68ln(n)) ×

tJIT(per), allowed MAX

ZQ Calibration Parameters

Initialization calibration time tZQINIT MIN 1 μs

Long calibration time tZQCL MIN 360 ns

Short calibration time t MINZQCS 90 ns

Calibration RESET time tZQRESET MIN MAX (50ns, 3nCK) ns

READ Parameters4

DQS output access time from
CK

tDQSCK
MIN 2500 ps

5500MAX

DQSCK delta short tDQSCKDS MAX             T.B.D          220            T.B.D             ps 5

DQSCK delta medium tDQSCKDM MAX             T.B.D          511            T.B.D             ps 6

DQSCK delta long tDQSCKDL MAX T.B.D          614            T.B.D             ps 7

DQS-DQ skew tDQSQ MAX T.B.D          135            T.B.D             ps

DQS output HIGH pulse
width

MINtQSH tCH(abs) - 0.05 tCK(avg)

DQS output LOW pulse
width

MINtQSL tCL(abs) - 0.05 tCK(avg)

DQ/DQS output hold time
from DQS

MINtQH MIN (tQSH, tQSL) ps

READ preamble t MINRPRE 0.9 t 8, 9CK(avg)

READ postamble t MINRPST 0.3 t 8, 10CK(avg)

DQS Low-Z from clock tLZ(DQS) MIN tDQSCK (MIN) - 300 ps 8

DQ Low-Z from clock t MINLZ(DQ) tDQSCK (MIN) - 300 8ps

DQS High-Z from clock t MAXHZ(DQS) tDQSCK (MAX) - 100 8ps

DQ High-Z from clock tHZ(DQ) MAX
tDQSCK (MAX) + (1.4 × tDQSQ (MAX)) ps 8

WRITE Parameters4
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Table 11: AC Timing (Continued)

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

Unit Notes1333 1600 1866 2133

DQ and DM input hold time
(VREF based)

   tDH     
MIN

    
T B D. .

           
T.B.D

   
150

             
T B D. . ps

DQ and DM input setup time
(VREF based)

 tDS
 MIN    

T B D. .
            

T.B.D
   

150
           T B D. .   ps

DQ and DM input pulse
width

tDIPW MIN 0.35 tCK(avg)

Write command to first DQS
latching transition

tDQSS
MIN 0.75

tCK(avg)
MAX 1.25

DQS input high-level width t MINDQSH 0.4 tCK(avg)

DQS input low-level width t MINDQSL 0.4 tCK(avg)

DQS rising edge to CK falling
edge and DQS falling edge
to CK rising edge setup time

tDSS MIN 0.2 tCK(avg)

CK rising edge to DQS falling
edge and CK falling edge to
DQS rising edge hold time

tDSH MIN 0.2 tCK(avg)

Write postamble t MINWPST 0.4 tCK(avg)

Write preamble tWPRE MIN 0.8 tCK(avg)

CKE Input Parameters

CKE minimum pulse width
(HIGH and LOW pulse width) MINtCKE MAX (7.5ns, 3nCK) tCK(avg)

tISCA MIN T B D. .
          

T.B.D
 

150
                      

T B D. . ps
            

13

tIHCA MIN T B D. .
          

T.B.D
 

150
                      

T B D. . ps
            

13

CKE input setup time t 0.25MINISCKE t 11CK(avg)

CKE input hold time t 0.25MINIHCKE t 12CK(avg)

Command path disable delay t 2MINCPDED tCK(avg)

Command Address Input Parameters4

Address and control input
setup time

Address and control input
hold time

                                                                                                                   

Address and control input
pulse width MINtIPWCA 0.35 tCK(avg)

CS_n input pulse width t MINIPWCS 0.7 tCK(avg)

Boot Parameters (10–55 MHz)14, 15, 16

Clock cycle time
MAX

tCKb
100

ns
MIN 18

CKE input setup time t MINISCKEb 2.5 ns

CKE input hold time t MINIHCKEb 2.5 ns

CS_n input hold time tIHCS        MIN T B D. .           270          T.B.D           T B D. . ps 13

CS_n input hold time  tISCS    MIN T B D. .           270           T.B.D T B D. . ps 13
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Table 12: AC Timing (Continued)

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

Unit Notes1333 1600 1866 2133

Address and control input
setup time

tISb MIN 1150 ps

Address and control input
hold time

tIHb MIN 1150 ps

DQS output data access time
from CK

tDQSCKb MIN 2 ns

MAX 10

Data strobe edge to output
data edge

tDQSQb MAX 1.2 ns

Mode Register Parameters

MODE REGISTER WRITE com-
mand period (MRW com-
mand to MRW command in-
terval)

t MINMRW 10 tCK(avg)

MODE REGISTER SET com-
mand delay (MRW command
to non-MRW command inter-
val)

t MINMRD MAX (14nx, 10nCK) ns

MODE REGISTER READ com-
mand period

t MINMRR 4 tCK(avg)

Additional time after tXP has
expired until MRR command
may be issued

t MINMRRI tRCD (MIN) ns

Core Parameters17

12MINRLREAD latency tCK(avg)

6MINWLWRITE latency (set A) tCK(avg)

9MINWLWRITE latency (set B) tCK(avg)

ACTIVATE-to- ACTIVATE com-
mand period

t MINRC tRAS + tRPab (with all-bank precharge)
tRAS + tRPpb (with per-bank precharge)

ns

CKE minimum pulse width
during SELF REFRESH (low
pulse width during SELF RE-
FRESH)

t MINCKESR MAX (15ns, 3nCK) ns

SELF REFRESH exit to next
valid command delay

tXSR MIN MAX (tRFCab + 10ns, 2nCK) ns

Exit power-down to next val-
id command delay

tXP MIN MAX (7.5ns, 2nCK) ns

CAS-to-CAS delay tCCD MIN 4 tCK(avg)

Internal READ to PRE-
CHARGE command delay

t MINRTP MAX (7.5ns, 4nCK) ns

RAS-to-CAS delay t MINRCD MAX (18ns, 3nCK) ns

T.B.D                                       T.B.D 

T.B.D                                       T.B.D 

T.B.D                                       T.B.D 
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Table 13: AC Timing (Continued)

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

Unit Notes1333 1600 1866 2133

Row precharge time (single
bank)

tRPpb MIN MAX (18ns, 3nCK) ns

Row precharge time (all
banks)

tRPpab MIN MAX (21ns, 3nCK) ns

Row active time tRAS MIN MAX (42ns, 3nCK) ns

MAX 70 μs

WRITE recovery time tWR MIN MAX (15ns, 3nCK) ns

Internal WRITE-to- READ
command delay

tWTR MIN MAX (7.5ns, 4nCK) ns

Active bank A to active bank
B

tRRD MIN MAX (10ns, 2nCK) ns

Four-bank ACTIVATE window tFAW MIN MAX (50ns, 8nCK) ns

Minimum deep power-down
time

tDPD MIN 500 μs

ODT Parameters

Asynchronous RTT turn-on de-
ly from ODT input

tODTon MIN 1.75 ns

MAX 3.5

Asynchronous RTT turn-off
delay from ODT input

tODToff MIN 1.75 ns

MAX 3.5

Automatic RTT turn-on delay
after READ data

tAODTon MAX tDQSCK + 1.4 × tDQSQmax + tCK(avg,min) ps

Automatic RTT turn-off delay
after READ data

tAODToff MIN tDQSCKmin - 300 ps

RTT disable delay from pow-
er-down, self refresh, and
deep power-down entry

tODTd MAX 12 ns

RTT enable delay from pow-
er-down and self refresh exit

tODTe MAX 12 ns

CA Training Parameters

First CA calibration command
following CA training entry

tCAMRD MIN 20 tCK(avg)

First CA calibration command
following CKE LOW

tCAENT MIN 10 tCK(avg)

CA calibration exit command
following CKE HIGH

tCAEXT MIN 10 tCK(avg)

CKE LOW following CA cali-
bration mode entry

tCACKEL MIN 10 tCK(avg)

CKE HIGH following last CA
calibration results

tCACKEH MIN 10 tCK(avg)
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Table 14: AC Timing (Continued)

Notes 1–3 apply to all parameters and conditions

Parameter Symbol Min/Max
Data Rate

Unit Notes1333 1600 1866 2133

Data out delay after CA
training calibration com-
mand entry

tADR MAX 20 ns

MRW CA exit command to
DQ tri-state

t MINMRZ 3 ns

CA calibration command to
CA calibration command de-
lay

t MINCACD RU(tADR/tCK) + 2 tCK(avg)

Write Leveling Parameters

DQS delay after write level-
ing mode is programmed

t MINWLDQSEN 25 ns

MAX –

First DQS edge after write
leveling mode is program-
med

t MINWLMRD 40 ns

MAX –

Write leveling output delay t ns0MINWLO

20MAX

Write leveling hold time tWLH MIN T.B.D         T.B.D175        ps

Write leveling setup time tWLS MIN T.B.D         175         ps

Temperature Derating Parameters

DQS output access time from
CK (derated)

tDQSCK MAX 5620 ps

RAS-to-CAS delay (derated) tRCD MIN tRCD + 1.875 ns

ACTIVATE-to- ACTIVATE com-
mand period (derated)

tRC MIN tRC + 1.875 ns

Row active time (derated) t MINRAS tRAS + 1.875 ns

Row precharge time (derat-
ed)

t MINRP tRP + 1.875 ns

Active bank A to active bank
B (derated)

t MINRRD tRRD + 1.875 ns
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Table 15: IDD (Dual Die , Single Channel)

 VDD1 = 1.70–1.95V; VDD2, VDDQ, VDDCA = 1.14–1.30V

Symbol Supply

Speed

Unit Parameter/Condition1333 1600 1866

IDD01 VDD1 TBD    mA Operating one bank active-precharge current
tCK = tCK(avg) MIN; tRC = tRC (MIN);
CKE is HIGH; CS_n is HIGH between valid commands;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

I DD02 VDD2 TBD TBD

IDD0,in VDDCA +
VDDQ

TBD TBD 

IDD2P1 VDD1 TBD  mA Idle power-down standby current
tCK = tCK(avg) MIN; CKE is LOW; CS_n is HIGH;
All banks idle; CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

IDD2P2 VDD2 TBD TBD 

IDD2P,in VDDCA +
VDDQ

TBD TBD

IDD2PS1 VDD1 TBD TBD  mA Idle power-down standby current with clock stop
CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_n is HIGH; All banks idle;
CA bus inputs are STABLE;
Data bus inputs are STABLE;
ODT disabled

IDD2PS2 VDD2 TBD TBD 

IDD2PS,in VDDCA +
VDDQ

TBD TBD

IDD2N1 VDD1 TBD TBD mA Idle non power-down standby current
tCK = tCK(avg) MIN; CKE is HIGH;
CS_n is HIGH; All banks idle;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

I DD2N2 VDD2 TBD 

IDD2N,in VDDCA +
VDDQ

TBD TBD 

IDD2NS1 VDD1 TBD TBD  mA Idle non power-down standby current with clock stop
CK_t = LOW, CK_c = HIGH; CKE is HIGH;
CS_n is HIGH; All banks idle;
CA bus inputs are STABLE;
Data bus inputs are STABLE;
ODT disabled

IDD2NS2 VDD2 TBD TBD

IDD2NS,in VDDCA +
VDDQ

TBD TBD 

IDD3P1 VDD1 TBD TBD  mA Active power-down standby current
tCK = tCK(avg) MIN; CKE is LOW;
CS_n is HIGH; One bank active;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

I DD3P2 VDD2 TBD TBD 

IDD3P,in VDDCA +
VDDQ

TBD TBD 

IDD3PS1 VDD1 TBD TBD  mA Active power-down standby current with clock stop
CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_n is HIGH; One bank active;
CA bus inputs are STABLE;
Data bus inputs are STABLE;
ODT disabled

IDD3PS2 VDD2 TBD TBD 

IDD3PS,in VDDCA +
VDDQ

TBD TBD 

LPDDR3_178Ball Datasheet(Version0 1. ) 52 Confidential

A 3LW 61A 32

IDD Specifications 

Specifications

TBD TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Administrator_2
1

Administrator_3



Table 16: IDD Specification )deunitnoC()lennahC elgniS,eiD lauD(s

 VDD1 = 1.70–1.95V; VDD2, VDDQ, VDDCA = 1.14–1.30V

Symbol Supply

Speed

Unit Parameter/Condition1333 1600 1866

IDD3N1 VDD1 TBD TBD mA Active non power-down standby current
tCK = tCK(avg) MIN; CKE is HIGH;
CS_n is HIGH; One bank active;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

IDD3N2 VDD2 TBDTBD

IDD3N,in VDDCA +
VDDQ

TBDTBD

IDD3NS1 VDD1 mATBDTBD Active non power-down standby current with clock stop 
CK_t = LOW, CK_c = HIGH; CKE is HIGH;
CS_n is HIGH; One bank active;
CA bus inputs are STABLE;
Data bus inputs are STABLE;
ODT disabled

IDD3NS2 VDD2 TBD TBD

IDD3NS,in VDDCA +
VDDQ

TBDTBD

IDD4R1 VDD1 mATBDTBD Operating burst read current
tCK = tCK(avg) MIN; CS_n is HIGH between valid com-
mands;
One bank active; BL = 8; RL = RL (MIN);
CA bus inputs are SWITCHING;
50% data change each burst transfer;
ODT disabled
Values in parenthesis are for x16 bits

IDD4R2 VDD2 TBDTBD

IDD4R,in VDDCA TBDTBD

IDD4W1 VDD1 mATBDTBD Operating burst write current
tCK = tCK(avg) MIN; CS_n is HIGH between valid com-
mands;
One bank active; BL = 8; WL = WL (MIN);
CA bus inputs are SWITCHING;
50% data change each burst transfer;
ODT disabled
Values in parenthesis are for x16 bits

IDD4W2 VDD2 TBDTBD

IDD4W,in VDDCA +
VDDQ

TBDTBD

IDD51 VDD1 mATBDTBD All bank auto-refresh burst current
tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;
tRC = tRFCab (MIN); Burst refresh;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

IDD52 VDD2 TBDTBD

IDD5,in VDDCA +
VDDQ

TBDTBD

IDD5AB1 VDD1 mATBDTBD All bank auto-refresh average current
tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;
tRC = tREFI;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

IDD5AB2 VDD2 TBDTBD

IDD5AB,in VDDCA +
VDDQ

TBDTBD

LPDDR3_178Ball Datasheet(Version0 1. ) 53 Confidential

A 3LW 61A 32

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Administrator_2
1

Administrator_3



Symbol Supply

Speed

Unit Parameter/Condition1333 1600 1866

IDD5PB1 VDD1 Per bank auto-refresh average currentmATBDTBD
tCK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;
tRC = tREFIpb;
CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled

IDD5PB2 VDD2 TBDTBD

IDD5PB,in VDDCA +
VDDQ

TBDTBD

Table 17: IDD Specification )deunitnoC()lennahC elgniS,eiD lauD(s

VDD1 = 1.70–1.95V; VDD2, VDDQ, VDDCA = 1.14–1.30V

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.

VDD2 TBD

VDDCA + VDDQ TBD

1/2 array VDD1 TBD

VDD2 TBD

VDDCA + VDDQ TBD

1/4 array VDD1 TBD

VDD2 TBD

VDDCA + VDDQ TBD

1/8 array VDD1 TBD

VDD2 TBD

VDDCA + VDDQ TBD

Table 18: I DD6 Partial-Array Self Refresh Current at 25°C

VDD1 = 1.70–1.95V; VDD2, VDDQ, VDDCA = 1.14–1.30V
Parameter/ConditionsUnitValueSupplyPASR

VFull array DD1 TBD μ Self-refresh currentA
CK_t = LOW, CK_c = HIGH;
CKE is LOW; CA bus inputs are STABLE;
Data bus inputs are STABLE;
ODT disabled

Note: 1. IDD6 25°C is the maximum of the distribution of the arithmetic mean.
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Figure 52: Functional Block Diagram
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Figure 53: Voltage Ramp and Initialization Sequence

Ta Tb Tc Td Te Tf’Tf Tg

RESET MRR MRW
ZQ_CAL

CA
Training Valid

Valid

CK_t/CK_c

Supplies

CKE

CA

DQ

ODT

tINIT0

tINIT1 tINIT3

tINIT4 tZQINIT
tINIT5

tISCKE

tINIT2

Static HIGH or LOW

Notes: 1. High-Z on the CA bus indicates a valid NOP.
2. For tINIT values, see the Initialization Timing Parameters table.
3. After RESET command time (Tf), RTT is disabled until ODT function is enabled by MRW to

MR11 following Tg.
4. CA training is optional.

Table 19: Initialization Timing Parameters

Parameter Min Max Unit Comment
tINIT0 – 20 ms Maximum voltage ramp time (Note 1)
tINIT1 100 – ns Minimum CKE LOW time after completion of voltage ramp
tINIT2 5 – tCK Minimum stable clock before first CKE HIGH
tINIT3 200 – μs Minimum idle time after first CKE assertion
tINIT4 1 – μs Minimum idle time after RESET command
tINIT5 – 10 μs Maximum duration of device auto initialization (Note 2)

tZQINIT 1 – μs ZQ initial calibration
tCKb 18 100 ns Clock cycle time during boot

Notes: 1. The tINIT0 maximum specification is not a tested limit and should be used as a general
guideline. For voltage ramp times exceeding tINIT0 MAX, please contact the factory.

2. If the DAI bit is not read via MRR, the device will be in the idle state after tINIT5 (MAX)
has expired.

Initialization After Reset (Without Voltage Ramp)

If the RESET command is issued before or after the power-up initialization sequence,
the reinitialization procedure must begin at Td.
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Table 20: LPDDR3 READ and WRITE Latency

Data Rate
(Mb/p/s) 333 800 1066 1200 1333 1466 1600 1866 2133
tCK(ns) 6 2.5 1.875 1.67 1.5 1.36 1.25             

R                          L 3 6 8 9 10 11 12                    

WL (Set A) 1 3 4 5 6 6 6                        

WL (Set B) 1 3 4 5 8 9            9           TBD
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AC and DC Operating Conditions
Operation or timing that is not specified is illegal. To ensure proper operation, the de-
vice must be initialized properly.

Table 21: Recommended DC Operating Conditions

Note 1 applies to entire table
NotesUnitDRAMMaxTypMinSymbol

VDD1 2VCore power 11.951.801.70

VDD2 VCore power 21.301.201.14

VDDCA VInput buffer power1.301.201.14

VDDQ VI/O buffer power1.301.201.14

Notes: 1. The voltage range is for DC voltage only. DC is defined as the voltage supplied at the
DRAM and is inclusive of all noise up to 1 MHz at the DRAM package ball.

2. VDD1 uses significantly less power than VDD2.

Table 22: Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes

Input leakage current: For CA, CKE, CS_n, CK; Any in-
put 0V ≤ VIN ≤ VDDCA; (All other pins not under test = 0V)

II                       TBDTBD μ 1A

VREF supply leakage current: VREFDQ = VDDQ/2, or VREF-

CA = VDDCA/2; (All other pins not under test = 0V)
IVREF                    TBDTBD μ 2A

Notes: 1. Although DM is for input only, the DM leakage must match the DQ and DQS output
leakage specification.

2. The minimum limit requirement is for testing purposes. The leakage current on VREFCA
and VREFDQ pins should be minimal.

Table 23: Operating Temperature Range

Notes 1 and 2 apply to entire table
UnitMaxMinSymbolParameter/Condition

TStandard (WT) temperature range CASE
1  ˚C750

˚CTBDTBDWide temperature range

Notes: 1. Operating temperature is the case surface temperature at the center of the top side of
the device. For measurement conditions, refer to the JESD51-2 standard.

2. Either the device operating temperature or the temperature sensor can be used to set
an appropriate refresh rate, determine the need for AC timing derating, and/or monitor
the operating temperature (see Temperature Sensor). When using the temperature sen-
sor, the actual device case temperature may be higher than the TCASE rating that applies
for the operating temperature range. For example, TCASE could be above +85˚C when
the temperature sensor indicates a temperature of less than +85˚C.
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AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 24: Single-Ended AC and DC Input Levels for CA and CS_n Inputs

Parameter Symbol
1333/1600 1866/2133

Min Max Min Max Unit Notes

AC input logic HIGH VIHCA(AC) VREF + 0.150 Note 2 VREF + 0.135 Note 2 V 1, 2

AC input logic LOW VILCA(AC) Note 2 VREF - 0.150 Note 2 VREF - 0.135 V 1, 2

DC input logic HIGH VIHCA(DC) VREF + 0.100 VDDCA VREF + 0.100 VDDCA V 1

DC input logic LOW VILCA(DC) VSSCA VREF - 0.100 VSSCA VREF - 0.100 V 1

Reference voltage for CA
and CS_n inputs

VREFCA(DC) 0.49 × VDDCA 0.51 × VDDCA 0.49 × VDDCA 0.51 × VDDCA V 3, 4

Notes: 1. For CA and CS_n input-only pins. VREF = VREFCA(DC).
2. See figure: Overshoot and Undershoot Definition.
3. The AC peak noise on VREFCA could prevent VREFCA from deviating more than ±1% VDDCA

from VREFCA(DC) (for reference, approximately ±12mV).
4. For reference, approximately VDDCA/2 ±12mV.

Table 25: Single-Ended AC and DC Input Levels for CKE

Parameter Symbol Min Max Unit Notes

CKE input HIGH level VIHCKE 0.65 × VDDCA Note 1 V 1

CKE input LOW level VILCKE Note 1 0.35 × VDDCA V 1

Note: 1. See figure: Overshoot and Undershoot Definition.

Table 26: Single-Ended AC and DC Input Levels for DQ and DM

Parameter Symbol
1333/1600 1866/2133

Min Max Min Max Unit Notes

AC input logic HIGH VIHDQ(AC) VREF + 0.150 Note 2 VREF + 0.135 Note 2 V 1, 2, 5

AC input logic LOW VILDQ(AC) Note 2 VREF - 0.150 Note 2 VREF - 0.135 V 1, 2, 5

DC input logic HIGH VIHDQ(DC) VREF + 0.100 VDDQ VREF + 0.100 VDDQ V 1

DC input logic LOW VILDQ(DC) VSSQ VREF - 0.100 VSSQ VREF - 0.100 V 1

Reference voltage
for DQ and DM in-
puts

VREFDQ(DC) 0.49 × VDDQ 0.51 × VDDQ 0.49 × VDDQ 0.51 × VDDQ V 3, 4

Reference voltage
for DQ and DM in-
puts (DQ ODT ena-
bled)

VREFDQ(DC)

DQODT,ena-

bled

VODTR/2 - 0.01 ×
VDDQ

VODTR/2 + 0.01 ×
VDDQ

VODTR/2 - 0.01 ×
VDDQ

VODTR/2 + 0.01 ×
VDDQ

V 3, 5, 6

Notes: 1. For DQ input-only pins. VREF = VREFDQ(DC).
2. See figure: Overshoot and Undershoot Definition.
3. The AC peak noise on VREFDQ could prevent VREFDQ from deviating more than ±1% VDDQ

from VREFDQ(DC) (for reference, approximately ±12mV).
4. For reference, approximately VDDQ/2 ±12mV.
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Absolute Maximum Ratings
Stresses greater than those listed may cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at these conditions, or any oth-
er conditions outside those indicated in the operational sections of this document, is
not implied. Exposure to absolute maximum rating conditions for extended periods
may adversely affect reliability.

Table 27: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes

VDD1 supply voltage relative to VSS VDD1 –0.4 2.3 V 1

VDD2 supply voltage relative to VSS VDD2 –0.4 1.6 V 1

VDDCA supply voltage relative to VSSCA VDDCA –0.4 1.6 V 1, 2

VDDQ supply voltage relative to VSSQ VDDQ –0.4 1.6 V 1, 3

Voltage on any ball relative to VSS VIN, VOUT –0.4 1.6 V

Storage temperature TSTG –55 125 ˚C 4

Notes: 1. For information about relationships between power supplies, see the Power-Up and Ini-
tialization section.

2. VREFCA ≤ 0.6 × VDDCA; however, VREFCA may be ≥ VDDCA, provided that VREFCA ≤ 300mV.
3. VREFDQ ≤ 0.7 × VDDQ; however, VREFDQ may be ≥ VDDQ, provided that VREFDQ ≤ 300mV.
4. Storage temperature is the case surface temperature on the center/top side of the de-

vice. For measurement conditions, refer to the JESD51-2 standard.
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Input Signal

Figure 54: LPDDR3-1600 to LPDDR3-1333 Input Signal
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VIL(DC)

VIL and VIH levels with ringback

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, and CS_n, VDD stands for VDDCA. For DQ, DM, DQS, and ODT, VDD stands

for VDDQ.
3. For CA[9:0], CK, and CS_n, VSS stands for VSSCA. For DQ, DM, DQS, and ODT, VSS stands

for VSSQ.
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Figure 55: LPDDR3-2133 to LPDDR3-1866 Input Signal

0.565V

0.000V

0.500V

0.576V
0.588V
0.600V
0.612V
0.624V

0.700V

0.735V

VIL(AC)

VIL(DC)

VREF - AC noise
VREF - DC error
VREF + DC error
VREF + AC noise

VIH(DC)

VIH(AC)

1.200V

1.550V

–0.350V

VDD 

VDD + 0.35V
narrow pulse width

VSS - 0.35V
narrow pulse width

VSS

0.565V

0.500V

0.576V
0.588V
0.600V
0.612V
0.624V

0.700V

0.735V

Minimum VIL and VIH levels

VIH(DC)

VIH(AC)

VIL(AC)

VIL(DC)

VIL and VIH levels with ringback

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, and CS_n, VDD stands for VDDCA. For DQ, DM, DQS, and ODT, VDD stands

for VDDQ.
3. For CA[9:0], CK, and CS_n, VSS stands for VSSCA. For DQ, DM, DQS, and ODT, VSS stands

for VSSQ.
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AC and DC Logic Input Measurement Levels for Differential Signals

Figure 56: Differential AC Swing Time and tDVAC
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Parameter Symbol

LPDDR3

Unit NotesMin Max

Differential input HIGH AC VIH,diff(AC) 2 × (VIH(AC) - VREF) Note 1 V 2

Differential input LOW AC VIL,diff(AC) Note 1 2 × (VIL(AC) - VREF) V 2

Differential input HIGH DC VIH,diff(DC) 2 × (VIH(DC) - VREF) Note 1 V 3

Differential input LOW DC VIL,diff(DC) Note 1 2 × (VIL(DC) - VREF) V 3

Table 28: Differential AC and DC Input Levels

For CK, VREF = VREFCA(DC); For DQS, VREF = VREFDQ(DC)

Notes: 1. These values are not defined; however, the single-ended signals CK and DQS must be
within the respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals, and must com-
ply with the specified limitations for overshoot and undershoot (see figure: Overshoot
and Undershoot Definition).

2. For CK, use VIH/VIL(AC) of CA and VREFCA; for DQS, use VIH/VIL(AC) of DQ and VREFDQ. If a
reduced AC HIGH or AC LOW is used for a signal group, the reduced voltage level also
applies.

3. Used to define a differential signal slew rate.
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Table 29: CK and DQS Time Requirements Before Ringback (tDVAC)

Slew Rate
(V/ns)

tDVAC (ps) @ VIH/
VIL,diff(AC) =

300mV1333 Mb/s

tDVAC (ps) @ VIH/
VIL,diff(AC) =

300mV1600 Mb/s

tDVAC (ps) @ VIH/VIL,diff(AC)

= 270mV1866 Mb/s

tDVAC (ps) @ VIH/VIL,diff(AC)

= 270mV2133 Mb/s

Min Max Min Max Min Max Min Max

>8.0 58 – 48 – 40 – 34 –

8.0 58 – 48 – 40 – 34 –

7.0 56 – 46 – 39 – 33 –

6.0 53 – 43 – 36 – 30 –

5.0 50 – 40 – 33 – 27 –

4.0 45 – 35 – 29 – 23 –

3.0 37 – 27 – 21 – 15 –

<3.0 37 – 27 – 21 – 15 –

Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK and DQS) must also comply with
certain requirements for single-ended signals.

CK must meet VSEH(AC)min/VSEL(AC)max in every half cycle. DQS must meet VSEH(AC)min/
VSEL(AC)max in every half cycle preceding and following a valid transition.

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

Figure 57: Single-Ended Requirements for Differential Signals
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Note: While CA and DQ signal requirements are referenced to VREF, the single-ended
components of differential signals also have a requirement with respect to VDDQ/2 for
DQS, and VDDCA/2 for CK.
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The transition of single-ended signals through the AC levels is used to measure setup
time. For single-ended components of differential signals, the requirement to reach
VSEL(AC)max or VSEH(AC)min has no bearing on timing; however, this requirement adds a
restriction on the common mode characteristics of these signals (see tables: Single-
Ended AC and DC Input Levels for CA and CS_n Inputs; Single-Ended AC and DC Input
Levels for DQ and DM).

Table 30: Single-Ended Levels for CK and DQS

Parameter Symbol
Value

Unit Notes
Min Max

Single-ended HIGH level for
strobes

VSEH(AC150)

(VDDQ/2) + 0.150 Note 1 V 2, 3

Single-ended HIGH level for
CK

(VDDCA/2) + 0.150 Note 1 V 2, 3

Single-ended LOW level for
strobes VSEL(AC150)

Note 1 (VDDQ/2) - 0.150 V 2, 3

Single-ended LOW level for CK Note 1 (VDDCA/2) - 0.150 V 2, 3

Single-ended HIGH level for
strobes

VSEH(AC135)

(VDDQ/2) + 0.135 Note 1 V 2, 3

Single-ended HIGH level for
CK

(VDDCA/2) + 0.135 Note 1 V 2, 3

Single-ended LOW level for
strobes VSEL(AC135)

Note 1 (VDDQ/2) + 0.135 V 2, 3

Single-ended LOW level for CK Note 1 (VDDCA/2) + 0.135 V 2, 3

Notes: 1. These values are not defined; however, the single-ended signals CK and DQS[3:0] must
be within the respective limits (VIH(DC)max, VIL(DC)min) for single-ended signals, and must
comply with the specified limitations for overshoot and undershoot (see figure: Over-
shoot and Undershoot Definition).

2. For CK, use VSEH/VSEL(AC) of CA; for strobes (DQS[3:0]), use
VIH/VIL(AC) of DQ.

3. VIH(AC) and VIL(AC) for DQ are based on VREFDQ; VSEH(AC) and VSEL(AC) for CA are based on
VREFCA. If a reduced AC HIGH or AC LOW is used for a signal group, the reduced level
applies.

Differential Input Crosspoint Voltage

To ensure tight setup and hold times, as well as output skew parameters with respect to
clock and strobe, each crosspoint voltage of differential input signals (CK, CK_c, DQS_t,
and DQS_c) must meet the specifications in the table above. The differential input
crosspoint voltage (VIX) is measured from the actual crosspoint of the true signal and its
and complement to the midlevel between VDD and VSS.
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Figure 58: VIX Definition
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Table 31: Crosspoint Voltage for Differential Input Signals (CK, CK_c, DQS_t, DQS_c)

Parameter Symbol Min Max Unit Notes

Differential input crosspoint voltage relative to
VDDCA/2 for CK

VIXCA(AC) –120 120 mV 1, 2

Differential input crosspoint voltage relative to
VDDQ/2 for DQS

VIXDQ(AC) –120 120 mV 1, 2

Notes: 1. The typical value of VIX(AC) is expected to be about 0.5 × VDD of the transmitting device,
and it is expected to track variations in VDD. VIX(AC) indicates the voltage at which differ-
ential input signals must cross.

2. For CK, VREF = VREFCA(DC). For DQS, VREF = VREFDQ(DC).

Input Slew Rate

Table 32: Differential Input Slew Rate Definition

Description

Measured1

Defined ByFrom To

Differential input slew rate for rising edge
(CK and DQS)

VIL,diff,max VIH,diff,min (VIH,diff,min - VIL,diff,maxΔTRdiff

Differential input slew rate for falling
edge (CK and DQS)

VIH,diff,min VIL,diff,max (VIH,diff,min - VIL,diff,maxΔTFdiff

Note: 1. The differential signals (CK and DQS) must be linear between these thresholds.
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Figure 59: Differential Input Slew Rate Definition for CK and DQS
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Figure 60: Typical Slew Rate and tVAC – tIS for CA and CS_n Relative to Clock
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Figure 61: Typical Slew Rate – tIH for CA and CS_n Relative to Clock
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Figure 62: Tangent Line – tIS for CA and CS_n Relative to Clock
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Figure 63: Tangent Line – tIH for CA and CS_n Relative to Clock
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Table 33: Data Setup and Hold Base Values

Parameter

Data Rate

1333 1600 1866 2133 Reference
tDS (base) 100 75 – – VIH/VIL(AC) = VREF(DC) ±150mV
tDS (base) – 5.26–     – VIH/VIL(AC) = VREF(DC) ±135mV
tDH (base) 125                10 080                     – VIH/VIL(DC) = VREF(DC) ±100mV

Note: 1. AC/DC referenced for 2 V/ns DQ, DM slew rate, and 4 V/ns differential DQS slew rate and
nominal VIX .

Table 34: Derating Values for AC/DC-Based tDS/tDH (AC150)

ΔtDS, ΔtDH derating in ps
ΔΔtDS, ΔtDH Derating in [ps] AC/DC-based

AC150 Threshold -> VIH(ac) = VREF(dc) + 150mV, VIL(ac) = VREF(dc) - 150mV
DC100 Threshold -> VIH(dc) = VREF(dc) + 100mV, VIL(dc) = VREF(dc) - 100mV

DQS_t, DQS_c Differential Slew Rate

8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns

ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH

DQ, DM slew rate
V/ns

4.0 38 25 38 25 38 25 38 25 38 25

3.0 25 17 25 17 25 17 25 17 38 29

2.0 0 0 0 0 0 0 13 13

1.5 –25 –17 –25 –17 –12 –4

Note: 1. Shaded cells are not supported.

Table 35: Derating Values for AC/DC-Based tDS/tDH (AC135)

ΔtDS, ΔtDH derating in ps
ΔtDS, ΔtDH Derating in [ps] AC/DC-based

AC135 Threshold -> VIH(ac) = VREF(dc) + 135mV, VIL(ac) = VREF(dc) - 135mV
DC100 Threshold -> VIH(dc) = VREF(dc) + 100mV, VIL(dc) = VREF(dc) - 100mV

DQS_t, DQS_c Differential Slew Rate

8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns

ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH ΔtIS ΔtIH

DQ, DM slew rate
V/ns

4.0 34 25 34 25 34 25 34 25 34 25

3.0 23 17 23 17 23 17 23 17 34 29

2.0 0 0 0 0 0 0 11 13

1.5 –23 –17 –23 –17 –12 –4

Note: 1. Shaded cells are not supported.
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Table 36: Required Time for Valid Transition – tVAC > VIH(AC) or < VIL(AC)

Slew
Rate
(V/ns)

tVAC at 150mV (ps)
1333 Mb/s

tVAC at 150mV (ps)
1600 Mb/s

tVAC at 135mV (ps)
1866 Mb/s

tVAC at 135mV (ps)
2133 Mb/s

Min Max Min Max Min Max Min Max

>4.0 58 – 48 – 40 – 34 –

4.0 58 – 48 – 40 – 34 –

3.5 56 – 46 – 39 – 33 –

3.0 53 – 43 – 36 – 30 –

2.5 50 – 40 – 33 – 27 –

2.0 45 – 35 – 29 – 23 –

1.5 37 – 27 – 21 – 15 –

<1.5 37 – 27 – 21 – 15 –
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Figure 64: Typical Slew Rate and tVAC – tDS for DQ Relative to Strobe
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Figure 65: Typical Slew Rate – tDH for DQ Relative to Strobe
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Figure 66: Tangent Line – tDS for DQ with Respect to Strobe
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Figure 67: Tangent Line – tDH for DQ with Respect to Strobe
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