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LOW POWER DOUBLE DATA RATE 3 SDRAM (LPDDR3)

(From JEDEC Board ballot JCB-12-22, formulated under the cognizance of the JC-42.6 Subcommittee on Low
Power Memory.)

1 Scope

This document defines the LPDDR3 specification, including features, functionalities, ACand DC characteristics,
packages, and ball/signal assignments. The purpose of this specification is to define the minimum set of requirements
for JEDEC compliant 4 Gb through 32 Gb for x16 and x32 SDRAM devices. This specification was created using

aspects of the following specifications: DDR2 (JESD79-2), DDR3 (JESD79-3), LPDDR (JESD209), and LPDDR2
(JESD209-2). Each aspect of the specification was considered and approved by committee ballot(s). The
accumulation of these ballots was then incorporated to prepare the LPDDR3 specification.
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2.2.2 178-Ball Discrete Single-Channel FBGA (top view) MO TBD

VDDl VDDl VDDl VDDI VDD1

DQ29 DQ28

2Q0 | zQ1 NC NC

DQ25 DQ24
NC NC
DQS3 t DQS3 ¢
NC NC

DQ13 DQ12

DQY  DQ8

DQSI t DQSI ¢

€S0 n | CSI n DQSO0_t DQSO ¢

CKEO | CKEI

DQ6  DQ7

DQ2  DQ3
DQS2 t DQS2 ¢
NC NC

DQ22 DQ23
NC NC

DQ18 DQI19
NC NC

VDDl VDDl VDDl VDDI VDD1

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

NOTE 1 When using the x16 configuration DQ16 through DQ31 become NC as indicated by the second row of sig-
nal names for those signals in the ball-out diagram.
NOTE 2 0.8mm pitch (X-axis), 0.65mm pitch (Y-axis), x16/x32, 17 rows
NOTE 3 Top View, Al in Top Left Corner
NOTE 4 See JESD21-C, Section 3.12.1
NOTE 5 ODT will be connected to rank 0. The ODT input to rank 1 (if 2nd rank is present) will be connected to
GND in the package.
NOTE 6 For Channel using x32 DRAM
- ZQO is connected to rank 0 DRAM and rank 1 DRAM (if present).
- ZQlisNC
NOTE 7 For Channel using x16 DRAM
- ZQO is connected to Byte 0-1 of rank 0 DRAM and rank 1 DRAM (if present).
- ZQl is connected to Byte 2-3 of rank 0 DRAM and rank 1 DRAM (if present).
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2.2.3 346-ball 0.5mm Pitch Dual-Channel Multi-Chip Package (MCP) FBGA (top view) MO TBD

>

NC

14

15

16

20

21

NC
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L Vref(CA)
_a

"] CA3_a . g CA7_a | zao_a _b[DQ29_b[DQ30_b
N CA4_a [CKEO_a|CK c a| CA5_a | CA8_a | zat_a _b[DQ25_b|DQ26_b
P _a [CcsBo_a . CA6_a | CA9_a _b| DM3_b D°5b3—°

R _b|DQ12_b|DQ13_b

T DQ8_b | DQ9_b

w b _b[CKEO_b

Y CA4_b

AA CA1_b

AB

AC

AD

AE

AF
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AG | NC V’?'(:’Q NC

AH
~
NOTE 1 0.5mm ball pitch, 346 ball count
NOTE 2 Target package sizes : 12mm x 16mm and 14mm x 18mm
NOTE 3 Target package, size depends on Flash density.
NOTE 4 Top view, Al in top left corner
NOTE 5 ODT will be connected to rank 0. The ODT input to rank 1 (if 2nd rank is present) will be connected to
GND in the package.
NOTE 6 For channel using x32 DRAM
- ZQO0 is connected to RO DRAM and R1 DRAM (if present)
- ZQlisNC
NOTE 7 For channel using x16 DRAM
- ZQO is connected to Byte 0-1 of RO DRAM and R1 DRAM (if present)
- ZQl is connected to Byte 2-3 of RO DRAM and R1 DRAM (if present)
NOTE 8 For flash ball-out, “n” ball assignments are used for NAND flash, and “m” ball assignments for e-MMC.
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2.3 LPDDR3 Pad Sequence

Table 1 — LPDDR3 Pad Sequence

CA
Pad
Seq

zQ
CA9
CA8

VDDCA
CA7

CA5

Vref(CA)

| Vvss |

VDDCA
CK_c
CK_t

CKE
CS N
CA4
CA3
CA2
VDDCA

CA1
CAO

NOTE 1 Pads with (*1) are optional.

DQ Pad
Sequence
x32 x16
VsS VSS
VSS VSS
VDD1 VDD1

vDDQ
DQ31
DQ30
vDDQ
DQ29
DQ28
DQ27
DQ26
vDDQ
DQ25
DQ24
DQS3_t
DQsS3 ¢
vDDQ
DM3
DQ15 DQ15
DQ14 DQ14
vDDQ vDDQ
DQ13 DQ13
DQ12 DQ12
DQ11 DQ11
DQ10 DQ10
vDDQ vDDQ
DQ9 DQ9
DQ8 DQ8
DQS1_t DQST_t
DQSs1_c DQSs1_c
vDDQ vDDQ
DM1 DM1
vbba | vbba |
OoDT oDT
VSs VSs

Vref(DQ) | Vref(DQ)

VSs vss
VDDQ | voDa |
DMO DMO
vDDQ vDDQ
DQsSO0_c DQSO0_c
DQS0_t DQSO0_t
DQ7 DQ7
DQ6 DQ6
vDDQ vDDQ
DQ5 DQ5
DQ4 DQ4
DQ3 DQ3
DQ2 DQ2
vDDQ vDDQ
DQ1 DQ1
DQO DQO
DM2
vDDQ
DQS2_c
DQS2_t
DQ23
DQ22
vDDQ
DQ21
DQ20
DQ19
DQ18
vDDQ
DQ17
DQ16
vDDQ
VDD1 VDD1
VSs VSs
VSs vss

JEDEC Standard No. 209-3
Page 7

NOTE 2 Ordering of DQ bits shall be maintained in the system, including within the package and on the PCB.
DQ byte swapping and DQ bit Swapping are not allowed in the system.
NOTE 3 CA pads and DQ pads shall be separated on opposite sides of die from top of silicon view.

11
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24 LPDDDR3 Pad Definition and Description

Table 2 — Pad Definition and Description

Name Type | Description

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

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

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

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

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

CS_n is sampled at the positive Clock edge.

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

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

DQO - DQ15 [1/0 Data Inputs/Output: Bi-directional data bus

(x16)

DQO - DQ31

(x32)

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

DQSO _c, data) and differential (DQS_tand DQS_c). It is output with read data and input with write data. DQS t

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

DQS1 ¢

(x16) For x16, DQS0_t and DQSO0_c correspond to the data on DQO - DQ7; DQS1_tand DQS1 _c to the data

DQSO _t- on DQ8 - DQI5.

DQS3 t, For x32 DQSO0_tand DQSO0_c correspond to the data on DQO - DQ7, DQS1_tand DQS1_c to the data

DQSO ¢ - on DQS8 - DQ15, DQS2 tand DQS2 c to the data on DQ16 - DQ23, DQS3 tand DQS3 c to the data

DQS3 ¢ on DQ24 - DQ31.

(x32)

DMO0-DM1 Input | Input Data Mask: DM is the input mask signal for write data. Input data is masked when DM is

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

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

(x32) For x16 and x32 devices, DMO is the input data mask signal for the data on DQO-7. DM is the input
data mask signal for the data on DQ8-15.

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

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

Vbp1 Supply | Core Power Supply 1: Core power supply

Vbp2 Supply | Core Power Supply 2: Core power supply

Vbbca Supply | Input Receiver Power Supply: Power supply for CA0-9, CKE, CS_n, CK t, and CK_c input buffers.

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

VREF(CA) Supply | Reference Voltage for CA Command and Control Input Receiver: Reference voltage for all CAO-
9, CKE, CS _n, CK t, and CK_c input buffers.

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

Vss Supply | Ground

Vssca Supply | Ground for Input Receivers

Vssq Supply | /O Ground

ZQ /0 Reference Pin for Output Drive Strength Calibration

NOTE 1 Data includes DQ and DM.

12
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3 LPDDR3 Functional Description

LPDDR3-SDRAM is a high-speed synchronous DRAM device internally configured as an 8-bank memory.
These devices contain the following number of bits:

4 Gb has 4,294,967,296 bits
8 Gb has 8,589,934,592 bits
16 Gb has 17,179,869,184 bits
32 Gb has 34,359,738,368 bits

LPDDR3 devices use a double data rate architecture on the Command/Address (CA) bus to reduce the number of
input pins in the system. The 10-bit CA bus contains command, address, and bank information. Each command uses
one clock cycle, during which command information is transferred on both the positive and negative edge of the
clock.

These devices also use a double data rate architecture on the DQ pins to achieve high speed operation. The double
data rate architecture is essentially an 8z prefetch architecture with an interface designed to transfer two data bits per
DQ every clock cycle at the I/O pins. A single read or write access for the LPDDR3 SDRAM effectively consists of a
single 8n-bit wide, one clock cycle data transfer at the internal DRAM core and eight corresponding n-bit wide, one-
half-clock-cycle data transfers at the I/O pins.

Read and write accesses to the LPDDR3 SDRAMSs are burst oriented; accesses start at a selected location and
continue for a programmed number of locations in a programmed sequence. Accesses begin with the registration of
an Activate command, which is then followed by a Read or Write command. The address and BA bits registered
coincident with the Activate command are used to select the row and the bank to be accessed. The address bits
registered coincident with the Read or Write command are used to select the bank and the starting column location for
the burst access.

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

3.1 LPDDR3 SDRAM Addressing

Table 3 — LPDDR3 SDRAM Addressing

Items 4Gb 8Gb 16Gb 32Gb

Number of Banks 8 8 8 TBD

Bank Addresses BAO-BA2 | BAO-BA2 | BAO-BA2 TBD
tREFI(us)2 3.9 3.9 39 TBD

<16 Row Addresses RO-R13 RO-R14 RO-R14 TBD
Column Addresses? C0-C10 C0-C10 C0-C11 TBD

<32 Row Addresses RO-R13 RO-R14 RO-R14 TBD
Column Addresses’ C0-C9 C0-C9 C0-C10 TBD

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

NOTE 2 tgggy values for all bank refresh is 7c = -25~85 °C, Tc means Operating Case Temperature

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

13
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3.2 Simplified LPDDR3 State Diagram

LPDDR3-SDRAM state diagram provides a simplified illustration of allowed state transitions and the related
commands to control them. For a complete definition of the device behavior, the information provided by the state
diagram should be integrated with the truth tables and timing specification.

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the
applied restrictions when considering the actual state of all the banks.

For the command definition, see “LPDDR3 Command Definitions and Timing Diagrams” on page 25.

14
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3.2 Simplified LPDDR3 State Diagram (cont’d)

ACT = Activate

—) Automatic Sequence
——  Command Sequence

Power
Applied

Resetting
MR

Reading

Self
Refreshing

» Refreshing

Reading PR, PRA

Active

RD?

Reading

RDA

WFiA3 \ RiDA3

Writing PR, PRA Reading
with with
Autoprecharge Autoprecharge

Precharging

PD = Enter Power Down

PR(A) = Precharge (All) PDX = Exit Power Down
WR(A) = Write (with Autoprecharge) SREF = Enter Self Refresh
RD(A) = Read (with Autoprecharge) SREFX = Exit Self Refresh
MRW = Mode Register Write DPD = Enter Deep Power Down
MRR = Mode Register Read DPDX = Exit Deep Power Down
Reset = Reset is achieved through MRW command REF = Refresh

Figure 1 — LPDDR3: Simplified Bus Interface State Diagram

NOTE 1 In the Idle state, all banks are precharged.

NOTE 2 In the case of MRW to enter CA Training mode or Write Leveling Mode, the state machine will not auto-
matically return to the Idle state. In these cases an additional MRW command is required to exit either operating
mode and return to the Idle state. See sections “CA Training” or “Write Leveling”.

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

the transition can occur.

NOTE 4 Use caution with this diagram. It is intended to provide a floorplan of the possible state transitions and
commands to control them, not all details. In particular, situations involving more than one bank are not captured in

full detail.
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3.3 Power-up, Initialization, and Power-off
3.3.1 Voltage Ramp and Device Initialization

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is
mandatory.

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

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

Table 4 — Voltage Ramp Conditions

After... Applicable Conditions

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

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

Vpp1 and Vppy must be greater than Vppo—200mV

VRer must always be less than all other supply voltages

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

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

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

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

Beginning at Tb, CKE must remain LOW for at least #;y7;, after which CKE can be asserted HIGH. The clock must
be stable at least ;15 prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must
observe setup and hold requirements (g, ;) With respect to the first rising clock edge (as well as to subsequent
falling and rising edges).

If any MRR commands are issued, the clock period must be within the range defined for ¢-i,. MRW commands can
be issued at normal clock frequencies as long as all AC timings are met. Some AC parameters (for example, fpgsck)
could have relaxed timings (such as fpggckyp,) before the system is appropriately configured. While keeping CKE
HIGH, NOP commands must be issued for at least 73 (Td). The ODT input signal may be in undefined state until
tis before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal shall be statically held at

either LOW or HIGH. The ODT input signal remains static until the power up initialization sequence is finished,
including the expiration of #7oNiT-

2. RESET Command: After ;3 is satisfied, the MRW RESET command must be issued (Td).

An optional PRECHARGE ALL command can be issued prior to the MRW RESET command. Wait at least #1yi14
while keeping CKE asserted and issuing NOP commands. Only NOP commands are allowed during time ¢4,

3. MRRs and Device Auto Initialization (DAI) Polling: After ;4 is satisfied (Te), only MRR commands and

power-down entry/exit commands are supported. After Te, CKE can go LOW in alignment with power-down entry
and exit specifications. Use the MRR command to poll the DAI bit and report when device auto initialization is
complete; otherwise, the controller must wait a minimum of #yyrs, or until the DAI bit is set before proceeding. As

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

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAI complete), the device is in the idle state (Tf).
DAI status can be determined by issuing the MRR command to MRO. The device sets the DAI bit no later than ;5
after the RESET command. The controller must wait at least ;15 or until the DAI bit is set before proceeding.
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3.3 Power-up, Initialization, and Power-off (cont’d)

4. 7.Q Calibration: After reaching Tf, the MRW initialization calibration (ZQ_ CAL) command can be issued to the
memory (MR10).

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

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

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

After the initialization sequence is complete, the device is ready for any valid command. After Tg, the clock
frequency can be changed using the procedure described in the LPDDR3 specification.

Figure 2 — Voltage Ramp and Initialization Sequence

Ta Tbh Tc Td Te Tf Tg

’—' tinir2

_t 2
INTO" ————————>

BT D —

>t

W ) I TR N

% tiscke tiniTs >

— tzanm

tinira

<RESET>—“—< MRR %S—\V ZQC HH Valid%

——
=

[ y
—
~——
~—r
[ y
—
~——
~——r
~——
—

s

* Midlevel on CA bus heans: valid NOP
NOTE 1 High-Z on the CA bus indicates NOP.
NOTE 2 For #jyt values, see Table 5.

NOTE 3 After RESET command (time Te), Ry is disabled until ODT function is enabled by MRW to MR11 fol-
lowing Tg.
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3.3 Power-up, Initialization, and Power-off (cont’d)

Table 5 — Initialization Timing Parameters

Value
Parameter Unit Comment
Min Max

tINITO - 20 ms Maximum voltage-ramp time

fNIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
tNIT2 5 - tcK Minimum stable clock before first CKE HIGH
tNITS 200 - ps Minimum idle time after first CKE assertion
tINIT4 1 - us Minimum idle time after RESET command
tINITS - 10 ps Maximum duration of device auto initialization
tzQINIT 1 - us ZQ initial calibration

tekp 18 100 ns Clock cycle time during boot

3.3.1.1 Initialization After RESET (without voltage ramp):

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

3.3.2 Power-off Sequence
The following procedure is required to power off the device.

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

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

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

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

Table 6 — Power Supply Conditions

Between... Applicable Conditions
Tx and Tz Vbpj must be greater than Vpp,—200mV
Tx and Tz Vbp1 must be greater than Vppca—200mV
Tx and Tz Vpp1 must be greater than Vppp—200mV
Tx and Tz Vrer must always be less than all other supply voltages

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

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

At Tx, when the power supply drops below the minimum values specified, all power supplies must be turned off and
all power-supply current capacity must be at zero, except for any static charge remaining in the system.
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3.3 Power-up, Initialization, and Power-off (cont’d)

After Tz (the point at which all power supplies first reach 300mV), the device must power off. During this period, the
relative voltage between power supplies is uncontrolled. Vpp; and Vpp, must decrease with a slope lower than 0.5

V/us between Tx and Tz.

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

Table 7 — Timing Parameters Power-Off

JEDEC Standard No. 209-3

Symbol

Value

min max

Unit

Comment

IpOFF

- 2

Maximum Power-Off ramp time
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3.4 Mode Register Definition
3.41

Mode Register Assignment and Definition in LPDDR3 SDRAM

Table 8 shows the mode registers for LPDDR3 SDRAM. Each register is denoted as “R” if it can be read but not
written, “W? if it can be written but not read, and “R/W” if it can be read and written. A Mode Register Read
command is used to read a mode register. A Mode Register Write command is used to write a mode register.

Table 8 — Mode Register Assignment in LPDDR3 SDRAM

MA
MR# <T:0> Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OP0 Link
. RZQI
0 00y Device Info. R RL3 (RFU) ; (RFU) DAI | go to MRO
(optional)
1 01y Device Feature 1 W nWR (for AP) (RFU) BL go to MR1
2 02y Device Feature 2 W X]es (RFU) |nWRE RL & WL go to MR2
3 03y I/O Config-1 w (RFU) DS go to MR3
4 04y Refresh Rate R TUF (RFU) Refresh Rate go to MR4
5 05y Basic Config-1 R LPDDR3 Manufacturer ID go to MRS5S
6 06y Basic Config-2 R Revision ID1 go to MR6
7 07y Basic Config-3 R Revision ID2 go to MR7
8 08y Basic Config-4 R I/O width Density Type go to MR8
9 09y Test Mode W Vendor-Specific Test Mode go to MR9
10 0Ay 10 Calibration w Calibration Code go to MR10
1 0By ODT Feature (RFU) CP’?L DQODT | go to MR11
12:15 | 0Cy~0Fy (reserved) (RFU) go to MR12
16 104 PASR_Bank W PASR Bank Mask go to MR16
17 1y PASR Seg w PASR Segment Mask go to MR17
18-31 | 12y4-1Fy (Reserved) (RFU) go to MR18
DQ Calibration o
20 6 »
32 H Pattern A R See “DQ Calibration” on page 53 go to MR32
33:39 | 214~27x (Do Not Use) go to MR33
DQ Calibration o
28 113 LR
40 H Pattern B R See “DQ Calibration” on page 53 go to MR40
41 294 CA Training 1 W |See “Mode Register Write - CA Training Mode” on page 57/ go to MR41
42 2Ay CA Training 2 W |See “Mode Register Write - CA Training Mode” on page 57| go to MR42
43:47 | 2By~2Fy (Do Not Use) go to MR43
48 30y CA Training 3 W [See “Mode Register Write - CA Training Mode” on page 57| go to MR48
49:62 | 314~3Ey (Reserved) (RFU) go to MR49
63 3Fy Reset W X go to MR63
64:255 | 404~FFgy (Reserved) (RFU) go to MR64

NOTE 1 RFU bits shall be set to ‘0’ during mode register writes.
NOTE 2 RFU bits shall be read as ‘0’ during mode register reads.
NOTE 3 All mode registers that are specified as RFU or write-only shall return undefined data when read

and DQS t, DQS_c shall be toggled.

NOTE 4 All mode registers that are specified as RFU shall not be written.
NOTE 5 See vendor device datasheets for details on vendor-specific mode registers.
NOTE 6 Writes to read-only registers shall have no impact on the functionality of the device.
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MRO_Device Information (MA<7:0> = 00y):
OP7 OP6 OP5 | OP4 | OP3 | OP2 | OP1 | OPO
RZQI
RL3 |WL (Set B) Support|(RFU) (optional) (RFU) DAI
DAI Read-only | OP<0> |0g: DAI complete
(Device Auto-Initialization Status) 1g: DAI still in progress
RZQI Read-only |OP<4:3>/00g: RZQ self test not supported 1-4
(Built in Self Test for RZQ 01g: ZQ-pin may connect to Vppca OF
Information) float
10g: ZQ-pin may short to GND
11p: ZQ-pin self test completed, no error
condition detected (ZQ-pin may not
connect to Vppca or float nor short to
GND)
WL (Set B) Support Read-only | OP<6> 0g: DRAM does not support WL (Set B) |WL (Set B)
15: DRAM supports WL (SetB) Option
Support
RL3 Option Support Read-only | OP<7> |0g: DRAM does not support RL3 Option
RL=3, n\WR=3, WL=1 Support
15: DRAM supports
RL=3, nWR=3, WL=1
for frequencies < 166

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

bly error is corrected.

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

not function as intended.

NOTE 4 In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a
resistor connection to the ZQ pin. However, this result cannot be used to validate the ZQ resistor value or that the ZQ
resistor tolerance meets the specified limits (i.e. 240-Q +1%).
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MRI1 _Device Feature 1 (MA<7:0> = 01y):

oP7 \ OP6 \ OP5

OoP4 \ oP3

oP2 \ oP1 \ OP0

nWR (for AP)

(RFU)

BL

BL Write-only | OP<2:0>

011p: BL8 (default)
All others: reserved

nWR Write-only | OP<7:5>

If "WRE (MR2 OP<4>) = 0:
001g: nWR=3 (optional)

1005: n"WR=6
1105: n'WR=8
1115: n"WR=9

If "WRE (MR2 OP<4> = [:
0005: ”"WR=10 (default)
0015: n"WR=11

0105: ”WR=12

All others: reserved

NOTE 1

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

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

Table 9 — Burst Sequence

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

1 2 3 4 5 6 7 8
Og | Og | Op 0 1 2 3 4 5 6 7
Og | 1g | Op q 2 3 4 5 6 7 0 1
Ig | Og | Op 4 5 6 7 0 1 2 3
Ig | 1p | Op 6 7 0 1 2 3 4 5

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

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

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

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

WR WL
Lev | Select

(RFU) | nWRE RL & WL

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

00015: RL =3/ WL =1 (< 166 MHz, optional )
0100g: RL =6/ WL =3 (< 400 MHz)

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

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

10005: RL =10 / WL = 6 (< 667 MHz, default)
10015: RL =11/ WL = 6 (< 733 MHz)

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

All others: reserved

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

0001g: RL =3/ WL = 1 (< 166 MHz, optional ")
01005: RL =6/ WL = 3 (< 400 MHz)

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

01115: RL =9/ WL = 5 (< 600 MHz)

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

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

All others: reserved

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

i 0Op: enable #WR programming < 9
nWRE Write-only |OP<4> 1g: enable nWR programming > 9 (default)
0p: Select WL Set A (default)

1g: Select WL Set B (optional?)

0p: disabled (default)

1g: enabled

WL Select Write-only |OP<6>

WR Leveling Write-only |OP<7>

NOTE 1 See MRO, OP<7>
NOTE 2 See MRO, OP<6>

MR3_1/O Configuration 1 (MA<7:0> = 03y):

oP7 \ OP6 \ OP5 \ OP4 | OP3 \ oP2 \ OP1 \ OP0
(RFU) DS
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0001g: 34.3Q typical pull-down/pull-up

0010g: 40Q typical pull-down/pull-up (default)
0011g: 482 typical pull-down/pull-up

01005: reserved for 60Q2 typical pull-down/pull-up
DS Write-only | OP<3:0> |0110g: reserved for 80Q typical pull-down/pull-up
0001g: 34.3Q typical pull-down, 40Q typical pull-up
0010g: 40Q typical pull-down, 48Q typical pull-up
0011g: 34.3Q2 typical pull-down, 48Q2 typical pull-up
All others: reserved
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MR4_Device Temperature (MA<7:0> = 04y)

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
TUF (RFU) SDRAM Refresh Rate
0005: SDRAM Low temperature operating limit exceeded
0015: 4x tRpp, 4X tREFIpb, 4X tREFW
0105: 2X tREpr, 2X tREFIpb, 2X tREFW
SDRAM 011g: Ixt Ixt Ixt <=85°C
Read-only |OP<2:0> | 1B REFL, 1X tREFIpb, 1X tREFW ( ) o
Refresh Rate 100g: 0.5% trgry, 0.5X treriph, 0-5X tREFw, do not de-rate SDRAM AC timing
IOIB: 0.25x tREFI’ 0.25x tREFIpb, 0.25x tREFW, do not de-rate SDRAM AC tlmlng
IIOB: 0.25x tREFI’ 0.25x tREFIpb, 0.25x tREFW, de-rate SDRAM AC tlmlng
1115: SDRAM High temperature operating limit exceeded
Temperature
Update 0p: OP<2:0> value has not changed since last read of MR4.
Flag Read-only | OP<7> 1g: OP<2:0> value has changed since last read of MR4.
(TUF)

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

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

NOTE 3 If OP2 equals ‘1’, the device temperature is greater than 85°C.
NOTE 4 OP7is setto ‘1” if OP2:0P0 has changed at any time since the last read of MR4.
NOTE 5 SDRAM might not operate properly when OP[2:0] = 000g or 1115

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

page 79.

NOTE 7 LPDDR3 devices shall be de-rated by adding 1.875 ns to the following core timing parameters: tgp,
tres tRAS, tRp and trrp- tpgsck shall be de-rated according to the tppgck de-rating in Table 63 on page 112.
Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.

NOTE 8 See “Temperature Sensor” on page 51 for information on the recommended frequency of reading

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

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

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OP0
LPDDR3 Manufacturer ID

See JESD-TBD LPDDR3

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

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

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OP0
Revision ID1

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

NOTE 1 MRG6 is vendor specific.

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

oP7 \ oP6 \ oP5 \ OoP4 \ oP3 \ oP2 \ oP1 \ OP0
Revision ID2

Revision ID2 Read-only | OP<7:0> |00000000g: A-version

NOTE 1 MR?7 is vendor specific.
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3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)
MR8_Basic Configuration 4 (MA<7:0> = 08By):

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
I/0 width Density Type
115: S8 SDRAM
Type Read-only | OP<1:0>
all others: Reserved
0110g: 4Gb
0111g: 8Gb
Density Read-only | OP<5:2> [1000g: 16Gb
1001g: 32Gb
all others: reserved
00g: x32
I/O width Read-only | OP<7:6> |01g:x16
all others: reserved

MRY_Test Mode (MA<7:0> = 09;):

oP7 \ OP6 \ oP5 \ OoP4 \ orP3 \ oP2 \ oP1 \ OP0

vendor-specific test mode

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

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

Calibration Code

Calibration
Code

Write-only

OP<7:0>

0xFF: Calibration command after initialization
0xAB: Long calibration

0x56: Short calibration

0xC3: ZQ Reset

others: Reserved

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

NOTE 2 LPDDR3 devices shall ignore calibration command when a “Reserved” value is written into MR10.

NOTE 3 See AC timing table for the calibration latency.

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

Calibration Command” on page 55) or default calibration (through the ZQRESET command) is supported. If ZQ is
connected to V'ppca., the device operates with default calibration, and ZQ calibration commands are ignored. In both

cases, the ZQ connection shall not change after power is applied to the device.
NOTE 5 LPDDR3 devices that do not support calibration shall ignore the ZQ Calibration command.
NOTE 6 Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connec-

tion.

26

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

W03 YIBRSTINIIL /1 SA1RY CSTUNITY A paIngraistag

*RTUO @sn S,8asUadT JOj 90-TT-5202 U0 BJag Japuexaly 0} pasuaal] TeTdaiew pajydrJRdog



JEDEC Standard No. 209-3
Page 23

3.41 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

MRI11_ODT Control (MA<7:0> = 0By:

oP7 \ OP6 \ oP5 \ OP4 \ or3 | or2 | oP1 | oro

RFU

PD CTL DQ ODT

00g: Disable (Default)
01p: Reserved

DQ ODT Write-only | OP<1:0> 105: Ry2
llB: RZQ/l
) 0p: ODT disabled by DRAM during power down (default)
PD Control Write-only |  OP<2>

1g: ODT enabled by DRAM during power down

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

MR16_PASR_Bank Mask (MA<7:0> = 010y):

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ OP1 \ OP0

Bank Mask
) 0p: refresh enable to the bank (= unmasked, default)
Bank <7:0> Mask | Write-only |[OP<7:0> 1: refresh blocked (= masked) 1
Q) Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXX1XX Bank 2
3 XXXX1XXX Bank 3
4 XXX1XXXX Bank 4
5 XXIXXXXX Bank 5
6 XIXXXXXX Bank 6
7 IXXXXXXX Bank 7

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

oP7 \ oP6 \ OP5 \ OP4 \ oP3 \ oP2 \ oP1 \ OP0

Segment Mask

Segment <7:0>

Mask

Write-only

OP<7:0>

0Op: refresh enable to the segment (=unmasked, default)
1p: refresh blocked (=masked)
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3.4.1 Mode Register Assignment and Definition in LPDDR3 SDRAM (cont’d)

Segment (0] Segment Mask 4Gb 8Gb L850 32Gb
R13:11 R14:12 R14:12 TBD

0 0 XXXXXXX1 0005

1 1 XXXXXX1X 0015

2 2 XXXXX1XX 010,

3 3 XXXXIXXX 011y

4 4 XXX1XXXX 100,

5 5 XX1IXXXXX 101y

6 6 XIXXXXXX 110,

7 7 IXXXXXXX 111y

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

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

MR32_DQ Calibration Pattern A (MA<7:0> =20y):
Reads to MR32 return DQ Calibration Pattern “A”. See “DQ Calibration” on page 53.

MR33:39_(Do Not Use) (MA<7:0>=214-27y):

MR40_DQ Calibration Pattern B (MA<7:0> = 28p):
Reads to MR40 return DQ Calibration Pattern “B”. See “DQ Calibration” on page 53.

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

Writes to MR41 enables CA Training. See Mode Register Write - CA Training Mode on page 57

MR42_CA Training_2 (MA<7:0> = 2Ap):
Writes to MR42 exits CA Training. See Mode Register Write - CA Training Mode on page 57.

MR43:47_(Do Not Use) (MA<7:0> = 2By-2Fy):

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

Writes to MR48 enables CA Training. See Mode Register Write - CA Training Mode on page 57.

MR49:62_(Reserved) 1MA<7:0>=31HﬂH;

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

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 \ oP1 \ OP0

X
NOTE 1 For additonal information on MRW RESET see “Mode Register Write” on page 54.

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

4.1 Activate Command

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

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

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

Figure 1).

Figure 3 — ACTIVATE Command

B (Vi =l - Al V Y I--"—"-"=7\ |\~ Y |\~ Al [V Y - -
CK_t/CK_c
— - - - AU AU AU

Bank A BankB BankA Bank A Bank A
CA0-9 Row Addr |\ Row Addr RowAddr [\ Row Addr \ ColAddr [\ Colader [~~~ Row Addr \ Row Addr
| |

tRCD | I |

[Cmd] < Activate >-< Nop >< Activate >'< Read > - - -<Precharge>'< Nop Nop >-< ctivate >>
T I '

[ [ I I T I I [ I [ I I
1. 1 i 1 tRAS 1 1 1 | | | |
| | | | | | f e |

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

Rea:d Begins

2. APRECHARGE-all command uses fgp,, timing, while a single-bank PRECHARGE command uses fgppy, timing.
In this figure, fzp is used to denote either an all-bank PRECHARGE or a single-bank PRECHARGE.

4.1.1 8-Bank Device Operation

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

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

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

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

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

cycles by adding up the time spent in each clock period. The fp5yw requirement is met when the previous n clock
cycles exceeds the fpayw time.

The 8-Bank Device Precharge-All Allowance: tgp for a PRECHRGE ALL command must equal tgp,},, Which is
greater than fgppy,.
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4.1 Activate Command (cont’d)
Figure 4 — LPDDR3 tgayw Timing
Tn Tn+1 . Tm Tm+1 ‘ Tx Tx+1 _ Ty Ty+1 Ty+2 Tz Tz+1 Tz+2
=

\ Yol ~ o~ r Yl r Yl Yl - Yallie' ol Yol
CK_tICK_c |
— = e ) ) ) T, [, ) [ [, h [ ) ()
.

' ! ! ! ! ! ! ! ! '
CAO-9 (o ok | S Koo)X
C ) ) ACT :> ACT b) I ACT Nop Nc >< Nop >< ACT >< Nop >

[Cmd] ACT
SRR
I R
i i
I I

4.2 LPDDR3 Command Input Signal Timing Definition

| : | :
tscs fiHes fiscs tiHes:

D

I
I
I
! I I ; I

| | I

\ I Vinac) - | FVinoe) I
Vicao - | fVieo) | |

I ' ' I ' I

tiscaks<|tHEA hisca

=
I
o
>

. . | }‘ . | . I l
CA CA CA CA CA CA CA CA
CAO-9 gRise% Fall rRiseég Fall %Rise | Fall 7%@ Rise% Fall 2
| ' | ' | ' | '
[Cmd] < Nop ><Command>< Nop ><Command>—
I l ' '

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

|
|
|
|
[
CS n :
|
|
|

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

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

T0

TH 03 PasuaaT] TeTdaiew pajysTJhdog

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

TT-5202 U0 FJag Japu

€sTJn2ay Rg paIngrdIsTa

$,8a5Ua07T J0

*RTUO asn

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

WO3°YIBISTINIIR, /1 5A3Y

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

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

4.3 Read and Write access modes

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

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

The burst READ command is initiated with CS_n LOW, CA0 HIGH, CA1 LOW, and CA2 HIGH at the rising edge
of the clock. The command address bus inputs 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 fppgck delay is measured. The first valid data is available RL x
fck t tpgsck + Ipsq after the rising edge of the clock when the READ command is issued. The data strobe output is
driven LOW 'RPRE before the first valid rising strobe edge. The first bit of the burst is synchronized with the first
rising edge of the data strobe. Each subsequent data-out appears on each DQ pin, edge-aligned with the data strobe.
The RL is programmed in the mode registers. Pin timings for the data strobe are measured relative to the crosspoint of
DQS tand its complement, DQS c.

Figure 7 — Read Output Timing

RL RL + BL/2
-/ - PR S R PR B .
o A e L L
I
«— tbasck N < Hz(Das) R
§ RPST
1 Lzoes e E—p 1 _ <«
A r R r B ro—= A = —:
B wiBNEa W)
faH el
tDQSQmax_» - <&-fpqsqmax
DQ Aolimax
< &
< - N P thzipg) .
LZ(DQ) < >

I:I Transitioning data

NOTE 1  pqsck can span multiple clock periods.
NOTE 2 An effective burst length of 8 is shown.
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4.4 Burst Read Operation (cont’d)

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

TI2 _Ta-1 Ta+1 Ta+2 Ta+3 Ta+4

:;: jﬁ ] N

. Bank A
CA[9'0]< Col Addr X Col Addr >< >< X: ><
|

I
oo {reo W wow W oo )

DQS_c
DQS_t

|
|
|
|
|
Dout Dout Dout out
bQ //22/2% ii A0 sz A1§ A2
! ! ! 1 |

|:| Transmonlng data

Figure 9 — Burst Read: RL =12, BL = 8, fpqsck < fck

T12 B _Tn o Tn+1 o Tn+2 Tn+3 Tn+4

CK_ c
CK_t

<X>< ) e e e e e
o (a0 W v W 1o } ol } ron } oo } nop } v J_vew )

! | | | | IDQSCKI

DQs_c ' ' ; r T\ \/—\. moN T\ _‘/—\I W
- I
I | I

DQS_t . % | \ | _J \‘f _J \‘T _ \-f ) |

I |

I |
DQ Dout \|{ Pout Dout)// Dout\\/{Pout)\// Dout

A0 A1 A4 A5 A6 A7

|:| Transmonlng data

-

| 4
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4.4 Burst Read Operation (cont’d)

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

( Read X Nop X Nop >< Nop X Nop >< Nop X Nop x Nop

tbasckn
| | |

'( Read X Nop )( Nop >< Nop X Nop >< Nop X Nop >< Nop X Nop >
| : t:;tiscmn ! ’__l‘ -

DQS ¢ L C N s e e
DQS _t |:':IFH':': |:':'RL;&-,':':':Ll—:—Jf:Li:
DQs IS Y T !:!:!!:!:!:!:W,Mﬂ

| [ |
| | o I o !
tDQSCKDL =| tDQSCKn — tpasckm |

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

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

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

! !
! !

] \

[

[ T 1

! !

1.6us maximum ' '
T i

DQs NN N B

A N l
[ T TR E R B !
tDQSCKDM = tDQSCKn - tDQSCKm |

Figure 11 — LPDDR3: thqsckpm timing
NOTE 1 fpgsckpMmax i8 defined as the maximum of ABS(fpqgsckn - fpgsckm) for any
{fpQscknsfDQscKkm} Pair within any 1.6us rolling window.

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

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

( Read X Nop X Nop >< Nop X Nop >< Nop X Nop x Nop

tbasckn
| |

=)o) ) e ) o )

L' Ru=5 | tpasckm o

|
|

| | . | | . | .
tDQSCKDS = | tbasckn — tDQSCKm |

i

)|
‘
il

I}
L
| DCW

| ' ' | |
' ' RL=5 ' '
[ [ ' | |
' ' ' ' '

Figure 12 — LPDDR3: tpqsckps timing
NOTE 1 fpgsckDsmax 18 defined as the maximum of ABS(fpgsckn - fpgsckm) for any {fposckn
JpQsckm/ pair for reads within a consecutive burst within any 160ns rolling window.
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4.4 Burst Read Operation (cont’d)

Figure 13 — Burst Read Followed By Burst Write:

TO T1 Ta+1 Ta+2 Ta+3 Tat4 Ta+9 Ta+10
CK t/CK ¢ T 7\ 7 r ~ I !
B . J W\ S S W E
c RL=12 WL=S6 L
3
cA-9) (5 lll
[Cmd] READ NOP NOP NOP NOP NOP
DQS_c e r
DQS_t :

L
' out W)
. | .AO." "ﬁ

I:l Transitioning data

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(#poscrmaxy/fck) + BL/2 +1- WL

clock cycles.

Figure 14 — Seamless Burst Read:

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T10 T11  T12  T13 T14 _T15
U Y A Y VY e e T T i ' VA e i T U

I T S e S S T S T S e S
o N e T e B e e e I o e e B i W e W I

[Cmd]— Reap X NOP K NOP X NOP H READ X NOP X NOP X NOP K ReAD H NOP X NOP K NOP M READ K NOP K NOP X N
\.I__I_ILI__._I\_I__lJ\..'__‘.ILI__IJL——J I——J\_l__-l\_I__J\-___l\___l_l\-_—-l\____l\.__J\____l\.l_

.

DQS_c

DQS_t
DQ

|:| Transitioning data

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

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

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

x fck T Ipgss from the rising edge of the clock from which the WRITE command is issued. The data strobe signal
(DQS) must be driven LOW #ypgrE prior to data input. The burst cycle data bits must be applied to the DQ pins tpg
prior to the associated edge of the DQS and held valid until #y after that edge. Burst data is sampled on successive
edges of the DQS until the 8-bit burst length is completed. After a burst WRITE operation, tygr must be satisfied

before a PRECHARGE command to the same bank can be issued. Pin input timings are measured relative to the
crosspoint of DQS t and its complement, DQS_c.

fbasL fbasH L tbasL _
DQS_C T T N/ N\l T T N/ ANl T/ /™ ™
DQS_t %r__’\—L__JiL__J‘ /
twpRE " fwpsT |
DQ
DM
Figure 15 — Data input (write) timing
TO Ta Ta+1 Ta+7 Tx Tx+1
! Nalliia' Nl o ol - A Nalliiat '
CK_t/CK_c \ )
(IR - [ -

| S | S AU

| -a | | | . : Z

Bank A >< Bank A ><B kA
CA0-9 <Cj'}\ddr><00| Ader >< >< >< >/ >< :X & >< >< Roi?AderRowAder >< >
[Cmd] { Write >< Nop >< Nop > >< Nc HPrecharge>< N K Actlvate Nop >

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

Comple?tlon of Burst W|r|te , |

DQS_c
DQS_t

DQs

Case 2: with tpqgg (min) ) ) fwr
9 . | v os tpsy

. N
N/

DQS_c
DQS_t

DQs %@ D\NAO% DINA, % DNk ||| o %

F|gure 16 — LPDDR3 Burst Write
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4.5.1 typreCalculation

The method for calculating fywpgrg is shown in the following figure:

Figure 17 — Method for Calculating tyypre Transitions and Endpoints

CK_t#

begins
T1

tWI’RE

DQS_t-DQS_c
tWPRE
Resulting differential signal

relevant for 7. . specification

4.5.2 typst Calculation

The method for calculating typgt is shown in the follwing figure:

Figure 18 — Method for Calculating fypst Transitions and Endpoints

CK t
CK ¢ - -~ S
DQS t-DQS ¢ — — — — - - oy - -
Resulting differential T1 '
signal relvant for fypgr typsT begins

specification
J
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4.5 Burst Write Operation (cont’d)
TO Tx Tx+1 Ty Ty+1 Ty+2 Ty+3 Ty+4

! el it s

I_ _\

CK_t/CK_c
[ —h [ _h [ _h

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

=8 sagamn

DQS_t AL !

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

OO

WTR

Figure 19 — LPDDR3: Burst Write Followed By Burst Read

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

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

TO T4 T5 T6 T7 T8 T9 T10
! o f et it it it el oA it !
o i stntpdntntetnis
) - N N N N N N N
| wL=4 |

CAO-9 <C§IaAnEdthXColAddrAXi :X Xczafglgd':BXCO'AddeX | >< . >< >< >< >< Xczi\nl:dtlcxc"”‘ddfcx | >< . >< >< . >
[Cmd] < |Wri::cb=>4< Nop >< IWntel >< INop: >< INopl >< | I >< Wr|te: >< INop: >< INoP: >
' %xlxi({xﬁx{y.(kx.x F0
Zoooonanannanne

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

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

DQS _c
DQS_t

DQs
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4.6 Write Data Mask

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

Figure 21 — Data Mask Timing

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

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

CK_c
CK_t /'

[CMD]

CaDs(t)estcmin toass ﬁ R - = JRE— p
DQS__t - N NI (N _N
- TOSOEEEEOAIT
om N\ AX

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

NOTE 1 For the data mask function, BL = 8 is shown; the second data bit is masked.

4.7 Precharge Operation

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

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

To ensure that LPDDR3 devices can meet the instantaneous current demand required to operate, the row-precharge
time for an all-bank PRECHARGE (#gp,p,) Will be longer than the row PRECHARGE time for a single-bank

PRECHARGE (fgppp)- Activate to Precharge timing is shown in Figure 4.1 on page 25.
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4.7 Precharge Operation (cont’d)

Table 10 — Bank selection for Precharge by address bits

AB (CA4r) BA2 (CAYr) BA1 (CA8r) | BAO (CAT7r) Precharged Bank(s)

0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 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

4.7.1 Burst Read operation followed by Precharge

For the earliest possible precharge, the PRECHARGE command can be issued BL/2 clock cycles after a READ
command. A new bank ACTIVATE command can be issued to the same bank after the row PRECHARGE time (fgp)
has elapsed. A PRECHARGE command cannot be issued until after g o is satisfied. The minimum READ-to-
PRECHARGE time (tgrp) must also satisfy a minimum analog time from the rising clock edge that initiates the last
8-bit prefetch of a READ command. fgrp begins BL/2 - 2 clock cycles after the READ command. For LPDDR3
READ-to-PRECHARGE timings see Table 11 on page 39.

Figure 22 — LPDDR3: Burst Read Followed by Precharge

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

| it A it el e it it el i
CK_t/CK_c . ! ! . .
v v Lo S S v N
| ! | RL 1 | 1 | | | ! | 1 | 1 | 1

I X I : I X I X I '

oo (@ | P OO 0
cma] Readl>< Nop || Nop ><Precharge>‘< >{ >< Actlvat?><

T T S E A A S SR B | :
DQS._c : ' : : : EI/‘ J| — '—\/ : r '-\/ :\\r '—\/ :\\r "\/\/ :\/— = '
Past E\ e e e e :
DQs I I | | @DOUTAQ%DOUTA1%DOUTAQ%DOUTA3%DOUTN%DOUW%DGUW%WUW%—%
| . | . | . |
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4.7.2 Burst Write followed by Precharge
For WRITE cycles, a WRITE recovery time (tyg) must be provided before a PRECHARGE command can be issued.

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

page 39.

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

WRITE-to-PRECHARGE time for commands to the same bank is WL + BL/2 + 1 + RU(twr/fck) clock cycles.

Figure 23 — LPDDR3: Burst Write Followed by Precharge

TO Tx Tx+1 Tx+4 Tx+5 Ty
! s ! N aliiat - alins - s
CK_t/CK_c M
. _/ - _/ . - - U

Bank A
CA0-9 Col Addr x Col Addr x
[Cmd] *< Write Nop >-< Nc

Case 1: with tpgss (max) fbassmax

DQS_c
DQS_t

DQs

O e e
}<>C j< lx v )

»Q
=
[~
L
.
A

|
. . | tmcari |
Case 2: with min DQSSmin

pass (Min) |

T

|

|

|

DQS ¢ o
DQS_t N .
DQs %D\NAO DINA12

4.7.3 Auto Precharge operation

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

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

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

If AP (CAOf) is HIGH when a READ command is issued, the READ with auto-precharge function is engaged.
LPDDR3 devices start an auto-precharge operation on the rising edge of the clock BL/2 or BL/2 - 2 + RU(¢grp/tck)

clock cycles later than the READ with auto precharge command, whichever is greater. For LPDDR3 auto-precharge
calculations see Table 2. Following an auto-precharge operation, an ACTIVATE command can be issued to the same
bank if the following two conditions are satisfied simultaneously:

a) The RAS precharge time (fgp) has been satisfied from the clock at which the auto- precharge begins.
b) The RAS cycle time (fg¢) from the previous bank activation has been satisfied.

Figure 24 — Burst Read with Auto Precharge

TO T1 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5
| it - . : : ' ' ' :

CK_t/CK_c
[ 1

(.
I o Rl
| | . | : 1 X 1 : | I |

o @I | L T B

|
[Cmd] ‘< Readl >< Nop‘ >< Nop. >< Nop. >< Nopl >< Nopl >< Nop‘ ><Activate >‘< Nop. >

J !

| . fRTP I : | : L TlRep, : \ I 5 I | :
| | [ | ' 1 | | L [ L _ '
st = '\' T
R T B e |
DQs i ' i ' i : i : gDOUTAO%DOUTA1%DOUTAQ%DOUTA3%DOUT&%DGUT&%DOUW%DGUW '
| | | |

4.7.3.2 Burst write with Auto-Precharge

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

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

The RAS precharge time (fgp) has been satisfied from the clock at which the auto- precharge begins.
The RAS cycle time (fg¢) from the previous bank activation has been satisfied.

Figure 25 — Burst Write with Auto Precharge

TO Tx+1 Tx+5 Ty Ty+1 Tz Tz+1
| e oA ' it i ' it Nl "
CK t/CK cf | , , ,
v . N o T
| WL | | tWR ' | ! | !

Bank A
CAO-9 < ColAddr >< ColAde

[Cmd] { Write

1
Bank A
Row Addr /\ Row Addr
N Activate>< Nop >

DQS_c
DQS_t

DQs
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4.7.3 Auto-Precharge (cont’d)
Table 11 — Precharge & Auto Precharge clarification
From Minimum Delay between .
Command To Command “From Command” to “To Command” e | NG
Read Precharge (to same Bank as Read) BL/2 + max(4, RU(frp/tck)) - 4 clks 1
Precharge All BL/2 + max(4, RU(tgp/tck)) - 4 clks 1
Precharge (to same Bank as Read w/AP) BL/2 + max(4, RU(trrp/tck)) - 4 clks | 1,2
Precharge All BL/2 + max(4, RU(tgTp/tci)) - 4 clks 1
Activate (to same Bank as Read w/AP) + RU(tRppp/fck) clks
Read w/AP Write or Write w/AP (same bank) [llegal clks 3
. . . RL + BL/2
Write or Write w/AP (different bank) + RU(Ipgsckmax/ick) - WL + 1 clks 3
Read or Read w/AP (same bank) Illegal clks 3
Read or Read w/AP (different bank) BL/2 clks 3
Write Precharge (to same Bank as Write) WL + BL/2 + RU(¢wr/tck) + 1 clks 1
Precharge All WL + BL/2 + RU(¢wg/tck) * 1 clks 1
Precharge (to same Bank as Write w/AP) WL + BL/2 + RU(¢wg/tck) * 1 clks 1
Precharge All WL + BL/2 + RU(twr/tcg) + 1 clks 1
. . WL + BL/2 + RU(twr/tck)
Weite wiAD Activate (to same Bank as Write w/AP) + 1+ RU(trppb/icK) clks 1
it w Write or Write w/AP (same bank) Illegal cks | 3
Write or Write w/AP (different bank) BL2 clks 3
Read or Read w/AP (same bank) Illegal clks | 3
Read or Read w/AP (different bank) WL + BL/2 + RU(tw1r/tck) + 1 clks 3
1 clks 1
Precharge Precharge (to same Bank as Precharge)
Precharge All 1 clks 1
Precharge Precharge 1 clks 1
All Precharge All 1 clks 1
NOTE 1 For a given bank, the precharge period should be counted from the latest precharge command,
either one bank precharge or precharge all, issued to that bank. The precharge period is satisfied after
tgp depending on the latest precharge command issued to that bank.
NOTE 2 Any command issued during the minimum delay time as specified in Table 11 is illegal.
NOTE 3 After Read with AP, seamless read operations to different banks are supported. After Write with
AP, seamless write operations to different banks are supported. Read w/AP and Write w/AP may not be
interrupted or truncated.
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4.8 Refresh command

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

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

The REFpb command must not be issued to the device until the following conditions are met (see Table 12 on page
41):

- trFCab has been satisfied after the prior REFab command
- IRFCpb has been satisfied after the prior REFpb command
- trp has been satisfied after the prior PRECHARGE command to that bank

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

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

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

After issuing REFpb, these conditions must be met (see Table 12 on page 41):
- IRFcpb Must be satisfied before issuing a REFab command
- IRpCpb Must be satisfied before issuing an ACTIVATE command to the same bank
- tgrp Must be satisfied before issuing an ACTIVATE command to a different bank

- IRFcpb Must be satisfied before issuing another REFpb command.

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All banks must be idle when
REFab is issued (for instance, by issuing a PRECHARGE-all command prior to issuing an all-bank REFRESH
command). REFab also synchronizes the bank count between the controller and the SDRAM to zero. The REFab
command must not be issued to the device until the following conditions have been met (see Table 12 on page 41):

- IRpcab has been satisfied following the prior REFab command
- IRFCpb has been satisfied following the prior REFpb command
- trp has been satisfied following the prior PRECHARGE commands.
When an all-bank refresh cycle has completed, all banks will be idle. After issuing REFab:
- IRFcab latency must be satisfied before issuing an ACTIVATE command

- IRpcab latency must be satisfied before issuing a REFab or REFpb command.
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4.8 Refresh Command (cont’d)

Table 12 — REFRESH Command Scheduling Separation Requirements

Minimum
Delay
Symbol From... To... Notes
RFCab REFab REFab

ACTIVATE command to any bank

REFpb

tRrcpb | REFpb REFab

ACTIVATE command to same bank as REFpb

REFpb
RRD 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 command REFab is pro-
hibited; REFpb is supported only if it affects a bank that is in the idle state.

LPDDR3 devices provide significant flexibility in scheduling REFRESH commands as long as the boundary
conditions shown in Figure 26 on page 42 are met. In the most straightforward implementations, a REFRESH
command should be scheduled every fgggp. In this case, self refresh can be entered at any time.

Users may choose to deviate from this regular refresh pattern, for example, to enable a period where no refreshes are
required. In the extreme (e.g., LPDDR3 4Gb), the user can choose to issue a refresh burst of 8192 REFRESH
commands at the maximum supported rate (limited by tggrgw), followed by an extended period without issuing any
REFRESH commands, until the refresh window is complete. The maximum supported time without REFRESH
commands is calculated as follows: tggrw - (R/8) X tRerRw = fREFW - R X 4 X fRpcap- For example, a 4Gb LPDDR3
device at T < 85°C can be operated without REFRESH commands up to 32ms - 8192 x 4 x 130ns = 28 ms.

Both the regular and the burst/pause patterns can satisfy refresh requirements if they are repeated in every 32ms
window. It is critical to satisfy the refresh requirement in every rolling refresh window during refresh pattern
transitions. The supported transition from a burst pattern to a regular distributed pattern is shown in Figure 27 on page
42. If this transition occurs immediately after the burst refresh phase, all rolling tggpyw intervals will meet the

minimum required number of refreshes.

A non-supported transition is shown in Figure 28. In this example, the regular refresh pattern starts after the
completion of the pause phase of the burst/pause refresh pattern. For several rolling tg gy intervals, the minimum
number of REFRESH commands is not satisfied.

Understanding this pattern transition is extremely important, even when only one pattern is employed. In self refresh
mode, a regular distributed-refresh pattern must be assumed. It is recommend that self refresh mode is entered

immediately following the burst phase of a burst/pause refresh pattern; upon exiting self refresh, begin with the burst
phase (see Figure 29 on page 43).
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4.8 Refresh Command (cont’d)

Figure 26 — Regular, Distributed REFRESH Pattern

A
R
3
7]

|96 ms

24,576
4,577
32,768

© 16385
)

NOTE 1 Compared to repetitive burst REFRESH with subsequent REFRESH pause.
NOTE 2 As an example, in a 4Gb LPDDR3 device at T < 85°C, the distributed refresh pattern has one REFRESH

command per 3.9us; the burst refresh pattern has one refresh command per 0.26ps, followed by = 28ms without any
REFRESH command.

Figure 27 — Supported Transition from Repetitive Burst REFRESH
|

>
0 ms 32 ms 4 ms 96 ms
o <t o Nel [e2]
o & 2 = ©
o5 =3 < ol
o [a\] on

NOTE 1 Shown with subsequent REFRESH pause to regular, distributed-refresh pattern.
NOTE 2 As an example, in a 4Gb LPDDR3 device at 7 < 85°C, the distributed refresh pattern has one REFRESH

command per 3.9us; the burst refresh pattern has one refresh command per 0.52ps, followed by ~ 28ms without any
REFRESH command.
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4.8 Refresh Command (cont’d)
Figure 28 — Nonsupported Transition from Repetitive Burst REFRESH
| | |
: : | trer tReF |
4\ |

| | | \
| | | | >
|0 ms |32 ms | 64 ms
| o gl % \[\2
| = ;I = )

— N

tREFW T 32 ms f

tREFBW tREFBW

A

NOTE 1 Shown with subsequent REFRESH pause to regular, distributed-refresh pattern.
NOTE 2 There are only ~ 4096 REFRESH commands in the indicated fggpyw window. This does not provide the
minimum number of REFRESH commands (R).

& not enough Refresh commands
in this refresh window!!

Figure 29 — Recommended Self Refresh Entry and Exit
|

|Oms 32 ms >
| o 3
| SN
IS -~ O
o] [e’e] —

. Self-Refresh I I

tREFBW tREFBW

A

NOTE 1 In conjunction with a burst/pause refresh pattern.
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4.8 Refresh Command (cont’d)
4.8.1 Refresh Requirements
a) Minimum number of REFRESH commands

LPDDR3 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh window
(trRerw = 32 ms @ MR4[2:0] = 011 or T < 85°C). For tggpw and fgggy refresh multipliers at different MR4 settings,

refer to the MR4 definition.
When using per-bank REFRESH, a REFab command can be replaced by a full cycle of eight REFpb commands.
b) Burst REFRESH limitation

To limit current consumption, a maximum of 8 REFab commands can be issued in any rolling fRprw (!Rerw = 4 ¥
8 X trpcab)- This condition does not apply if REFpb commands are used.

¢) REFRESH Requirements and SELF REFRESH

If any time within a refresh window is spent in self refresh mode, the number of required REFRESH commands in
this particular window is reduced to:

R' = R—RU{(tSRF)/(tREFI)} = R—RU{R x (tSRF)/(tREFW)}

where RU stands for the round-up function.

Figure 30 — tggp Definition

y
b4

A) : tREFW g - » i
| . ! ‘ ‘
CKE | N ) /\ ) |
;1 - Enter Self-Refresh ;; Exit Self-Refresh
B) : REFW \ :T : /
| y
CKE | ) | o
11 treFw %
R S—
‘ [
| ~ \
xit Self-Refresh

| tsper | : tsre2 :

Exit Self-Refresh Enter Self-Refresh Exit Self-Refresh

|« >
D . , trReF « N
) Enter Self-Refresh | :
|
[

tsrr = tsrrr * tsrr2

NOTE 1 Time in self refresh mode is fully enclosed in the refresh window (fggpw)-

NOTE 2 At self refresh entry.
NOTE 3 At self refresh exit.
NOTE 4 Several intervals in self refresh during one tg gy interval. In this example, tqrr = tsrp] + fSRE2-
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4.8 Refresh Command (cont’d)
Figure 31 — All-Bank REFRESH Operation
TO T1 T2 T3 T4 Tx . Tx+1 . Ty . Ty+1 .

| it el it el el

CK_t/ICK_c
(. _h (. _h (. _h A _h A _h

oos I

[Cmd] ~<Precharge>< Nop >< Nop ><REFab K N X
; T

I I
) , | T Rpab >= fRFCab
| . | . | — . | —
I ' [ ' [ : [ : [ '

Figure 32 — Per-Bank REFRESH Operation
TO T1 Tx Tx+1 Tx+2 Ty Ty+1

\ e r oA it el
ckwcke | % |
v T Y o

CA0-9 <ABX

|
[Cmd] ~<Precharge><

ActlvTate command to Bank 1

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

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

input receivers after #cppgp has expired. Once the command is registered, CKE must be held LOW to keep the device
in Self Refresh mode.

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

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

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

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

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

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

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

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

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

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

Termination on page 60.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when
CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at least one REFRESH
command (8 per-bank or 1 all-bank) is issued before entry into a subsequent Self Refresh.
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4.9 Self Refresh operation (cont’d)
ﬂ 2 tck (min)
e
“ g ~ CP‘DEd_ﬂ Input clock frequency may be changed  fIHCKE —» b
HCKE |

\
|
: “ or stopped during Self-Refresh “ b
|
|
|

(OMD] (e o v Y v N - - {4} )

I tCKESR(min) [ txSsR(min)
Enter Self-Refresh Exit Self-Refresh
Figure 33 — LPDDR3: Self-Refresh Operation

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

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

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

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

The LPDDR3 SDRAM has eight banks (additional banks may be required for higher densities). Each bank of an
LPDDR3 SDRAM can be independently configured whether a self refresh operation is taking place. One mode
register unit of 8 bits, accessible via MRW command, is assigned to program the bank masking status of each bank up
to 8 banks. For bank masking bit assignments, see Mode Register 16 as described on page 23.

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

4.9.1.2 PASR Segment Masking

A segment masking scheme may be used in lieu of or in combination with the bank masking scheme in LPDDR3
SDRAM. LPDDR3 devices utilize eight segments per bank. For segment masking bit assignments, see Mode
Register 17 as described on page 23.

For those refresh-enabled banks, a refresh operation to the address range which is represented by a segment is
blocked when the mask bit to this segment is programmed, “masked”. Programming of segment mask bits is similar
to the one of bank mask bits. Eight segments are used as listed in Mode Register 17 as described on page 23. One
mode register unit is used for the programming of segment mask bits up to 8 bits. One more mode register unit may
be reserved for future use. Programming of bits in the reserved registers has no effect on the device operation.
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4.9 Self Refresh operation (cont’d)
Table 13 — Example of Bank and Segment Masking use in LPDDRS3 devices
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Segment Mask § | Bank 1| Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7

(MR17) :
B?;}‘R“fé‘;k 0 1 0 0 0 0 0 1 ff
Segment 0 0 M M = f;
Segment 1 0 M M %
Segment 2 1 M | M | M| M| M| M| M| M N
Segment 3 0 M M z i
Segment 4 0 M M ; §
Segment 5 0 M M z ;
Segment 6 0 M M %
Segment 7 1 M M M M M M M M :

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

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

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

TO . T4 T5 T6 T7 T8 T9 T10

CAO-9 <R9;A><RGQA>(:X XRengREQBX I

|
emal (e (|| T HT N 2( D D

P L A A A R

I T T > T T — T 0 | D 1 I [
= |0 O
DASe i S Y S G W o Joo o\l
DQIO-7] N

I
DQ[8-max] | . | 7 0 . ; .

| f 1I| 0 CMD not allowed ‘ | f | . I f | 3 |

Figure 34 — Mode Register Read timing example: RL = 8

NOTE 1 MRRs to DQ calibration registers MR32 and MR40 are described in DQ calibration section.

NOTE 2 Only the NOP command is supported during #(rg-

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

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

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

Figure 35 — READ to MRR Timing

DQ[7:0]

DQ[max:8}

.Transitioning Data <:> Undefined

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

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

truncated by MRR.
Figure 36 — Burst Write Followed by MRR

TO Tx Tx+1 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
\I :I— _\I ;/_ _\I :I_ :I_ _\l ;I— _\I :I— _\I ;I_ _\I ;I_ _\I :/
(. i (. _h J. —h (. —h A —h v _h j . _h [ _h (. —h
¥t et e et et Il e et [

2 | f I f | f | f |

oos (Ee L 00 SIS

ema {wme | W W W T W WO WD)

tMRR

S . L N
AN R N
| |
| |

| | |
: 1 DN, K1 A || o L oy / : |
: | : : | :

DQS_c
DQS _t

() CMD not allowed

NOTE 1 The minimum number of clock cycles from the burst WRITE command to the MRR command is [WL + 1
+ BL/2 + RU(Kytr/tcr0)]-
NOTE 2 Only the NOP command is supported during fy(gg.

4.10.0.1 MRR Following Idle Power-Down State
Following the idle power-down state, an additional time, #gRy, is required prior to issuing the mode register read
(MRR) command. This additional time (equivalent to tgp) is required in order to be able to maximize power-down
current savings by allowing more power-up time for the MRR data path after exit from standby, idle power-down
mode.

Figure 37 — MRR Following Power-Down Idle State

TO T2 Ta+1 Ta+2 Tb To+1 Tb+2

TSV S S S D 0 Y

S
N
=

| I I I | I r
i o e i | i i i i i i i | ] ]
i i i i i i i i i i i i i
I I I I I I I ] ] I I I ]
CKE 1 | | | , I 1 | 1 1 :
I | I I ] | I I ] | I ] ] | I | |
‘ : : : S | ! ! ' ! ! ' | | : | | |
csn | [ L : I
| 1 | | | L | 1 1 L 1 i i 1 | i
| 1 | | el——————typ(Min)————P> 1 | 1 gty
Il 1 Il Il ] 1 Il Il 1 1 | 1 1 1 Il 1 1
CA[9:0] ‘ >< VALID >< VALID NoP >< NoP >< VALID VALID >< VALID >< VALID >< VALID >< VALID >< NOP >< NOP >< VALID >< VALID
T ] T T ] ] T T ] T LA ] 1 ] i ] ] ]
——————tyrRr—————F———P
A S S NS S S N IO . s s s st R S RN R R
[Cmd] ‘ >< EXIT PD >< NOP VALID (Except MRR)' ><VALID(ExceptMRR) >< MRR >< NOP >< VALID
T T
I

I
T L T T T L T T T T T T T
| | | | 1 | | | 1

i i
Notes:
1. Any valid command from the idle state except MRR

2. twmri = trep
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4.10.1 Temperature Sensor

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

page 79) may be used to determine whether operating temperature requirements are being met.

LPDDR3 devices shall monitor device temperature and update MR4 according to g1 Upon exiting self-refresh or
power-down, the device temperature status bits shall be no older than ¢1g;.

When using the temperature sensor, the actual device case temperature may be higher than the Tpgg specification (
Table 32 on page 79) that applies for the standard or elevated temperature ranges. For example, 7~ gg may be above
85° C when MR4[2:0] equals 011B. LPDDR3 devices shall allow for 2° C temperature margin between the point at
which the device updates the MR4 value and the point at which the controller re-configures the system accordingly.
In the case of tight thermal coupling of the memory device to external hot spots, the maximum device temperature
might be higher than what is indicated by MR4.

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

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

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

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

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

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

TempGradient x (ReadInterval + tTSI+ SysRespDelay) <2C

Table 14 — Temperature Sensor

Parameter Symbol Max/Min Value Unit | Notes

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

MR4 Read Interval ReadInterval Max |System Dependent| ms

Temperature Sensor Interval trs Max 32 ms

System Response Delay SysRespDelay| Max |System Dependent| ms

Device Temperature Margin | TempMargin Max 2 °C

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

%‘ x (ReadInterval + 32ms + 1ms) <2C

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

Temp
A

< (trs) + ReadInterval + SysRespDelay)

A

Device ——
Temps4 [ — | — — — — — — — — — — — - - - - - - - - - —_=
Margin //

“e /
MR4v__,K __________ R R A

Trip Level | —4

trsi |
MR4 = 0x03 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x06 » Time
Temperature
Sensor
Update
P Readinterval R SysRespDelay »
Host < »
MR4 Read MRR MR4 = 0x03 MRR MR4 = 0x86

Figure 38 — Temp Sensor Timing
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4.10.2 DQ Calibration

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

Table 15 — Data Calibration Pattern Description

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

tMRR=4

DOS_t, * — -
basc RL=6

DQ[0]
DQ[7:1]
DQ[8]
DQ[15:9]
DQ[16]
DQ[23:17}
DQ[24]
DQ[31:25}

X32

Pattern A Pattern B

.CMD not allowed % Optionally driven the same as DQO or Ob
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4.1 Mode Register Write (MRW) Command

The Mode Register Write (MRW) command is used to write configuration data to mode registers. The MRW
command is initiated with CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the
clock. The mode register is selected by CA1{-CAO0f, CA9r-CA4r. The data to be written to the mode register is
contained in CA9f-CA2f. The MRW command period is defined by f\gw. Mode register WRITESs to read-only

registers have no impact on the functionality of the device.

Figure 40 — Mode Register Write Timing
TO T1 T2 Tx+1 Tx+2

! =l FalY el

\ Nalliat et
CK_t/CK ¢ W
[ — \u. _h (i

| | |
CAO-9 < MR Addr >< MR Data ><

cma) - { IMRw: K | K

| ' | : |
' tMRw

1 L I I
I
|

=) Pl Vel

MRWX \

R |
=
| | |
| | |

() CMD not allowed

NOTE 1 At time Ty, the device is in the idle state.
NOTE 2 Only the NOP command is supported during #yrw-

4.11.1 Mode Register Write

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

4.11.1.1 MRW RESET

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

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

Current State c 4 Intermediate State Next State
omman
SDRAM SDRAM SDRAM
All Banks Idle MRR Mode Register Reading All Banks Idle
(All Banks Idle)
MRW Mode Register Writing All Banks Idle
(All Banks Idle)
MRW (RESET) Resetting All Banks Idle
(Device Auto-Init)
Bank(s) Active MRR Mode Register Reading Bank(s) Active
(Bank(s) Active)
MRW Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
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4.11.2 Mode Register Write ZQ Calibration Command

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

There are four ZQ calibration commands and related timings: /7qomNiT> £ZQRESET> zQcL» and fzqcs- fzqQiNir 18 for
initialization calibration; fzqoresgr s for resetting ZQ to the default output impedance; t7q¢ is for long
calibration(s); and 77 g is for short calibration(s).

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

One ZQCS command can effectively correct at least 1.5% (ZQCorrection) of output impedance errors within /7o
for all speed bins, assuming the maximum sensitivities specified are met. The appropriate interval between ZQCS
commands can be determined from using these tables and system-specific parameters.

LPDDR3 devices are subject to temperature drift rate (7yifiyate) and voltage drift rate (Vgyifirate) I Various

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

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

= Calibrationlnterval

Where Tgope = MAX (dRondT) and Ve, = MAX (dRGNdV) define temperature and voltage sensitivities.
For example, if Ty, = 0.75%/°C, Veps = 0.20%/mV, Tyifirate = 1°C/sec, and

Varifrate = 15mV/sec, then the interval between ZQCS commands is calculated as:
1.5
(0.75 x 1) + (0.20 x 15)

= 04s

A ZQ calibration command can only be issued when the device is in the idle state with all banks precharged. ODT
shall be disabled via the mode register or the ODT pin prior to issuing a ZQ calibration command. No other activities
can be performed on the data bus and the data bus shall be un-terminated during calibration periods (¢zqiNiT f2QCLs
or f7qcs)- The quiet time on the data bus helps to accurately calibrate output impedance. There is no required quiet
time after the ZQ RESET command. If multiple devices share a single ZQ resistor, only one device can be calibrating
at any given time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power consumption. In
systems sharing a ZQ resistor between devices, the controller must prevent /7o, fzQcs and fzqcr, overlap

between the devices. ZQ RESET overlap is acceptable.

Figure 41 — ZQ Initialization Timing
TO T1 T2 T3 T4 T5

\ Valliat oAl Al oAl oAl
v (A (A () () .

S W ) I
(Cmd] <MRW:><| N A A

| ! |
. ) | ) | ZQINIT |
I . I . I : I \ I
| |
| |

() CMD not allowed | f

Tx Tx+1 Tx+2

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

Figure 42 — ZQ Calibration Short Timing
Tx Tx+1 Tx+2

Pl Pl Vel J
|
. ) o) )

S O
[Cmd] ‘<|MRW:>’<| :><| :><| :><| ><| ><ANY|>< i i

(—) CMD not allowed | I

CK_t/CK_c

NOTE 1 Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.

Figure 43 — ZQ Calibration Long Timing
TO T1 T2 T3 T4 T5

Tx Tx+1 Tx+2

\ Valliat ool o~ Al oAl oAl Pl Pl Vel J
CK_t/CK ¢ , ‘
(A (R (A (U o) . . () () U

cos (ool ENEIENENEREDEDIREN Y )
(cma) <MRW:>’< o N

I
K | . | Z | . i
! () cMD not allowed | I !

NOTE 1 Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.

Figure 44 — ZQ Calibration Reset Timing

T0 T T2 T3 T4 T5

\ Valliat oAl Al oAl oAl
l\_ e |\_ i |\_ _, |\_ _ I\_ ) l\_

CAO-9 <MR;\ddr><MR[:)a,a>< Lo |
[Cmd] <MRW:>'< >< >< >< ><

() CMD not allowed | :

NOTE 1 Only the NOP command is supported during ZQ calibration.
NOTE 2 CKE must be registered HIGH continuously during the calibration period.
NOTE 3 All devices connected to the DQ bus should be High-Z during the calibration process.

60

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

€sTJn2ay Rg paIngrdIsTa

WO3°YIBISTINIIR, /1 5A3Y

17-5202 UD 8433 JapuexaTy 03} pasuadT] TeTJajew paiysTdhdon

$,8a5Ua07T J0

*RTUO asn



JEDEC Standard No. 209-3
Page 57

4.11.2 Mode Register Write ZQ Calibration Command (cont’d)

4.11.2.1 ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ calibration function, an Rz +1% tolerance external resistor must be connected between the ZQ pin

and ground. A single resistor can be used for each device or one resistor can be shared between multiple devices if the
ZQ calibration timings for each device do not overlap. The total capacitive loading on the ZQ pin must be limited (see
Pin Capacitance table, Table 55 on page 99).

4.11.3 Mode Register Write - CA Training Mode

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

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

b) CA Training session: Calibrate CAO, CA1, CA2, CA3, CAS, CA6, CA7 and CA8 (see Table 17 on page 58)
¢) CA to DQ mapping change: Mode Register Write to MR48

d) Additional CA Training session: Calibrate remaining CA pins (CA4 and CA9) (see Table 19 on page 58)

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

Figure 45 — CA Training Timing chart
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NOTE I Unused DQ must be valid HIGH or LOW during data output period. Unused DQ may transition at the
same time as the active DQ. DQS must remain static and not transition.

NOTE 2 CA to DQ mapping change via MR 48 omitted here for clarity of the timing diagram. Both MR41 and
MRA48 training sequences must be completed before exiting the training mode (MR42). To enable a CA to DQ map-
ping change, CKE must be driven HIGH prior to issuance of the MRW 48 command.

NOTE 3 Because data out control is asynchronous and will be an analog delay from when all the CA data is avail-
able, tpopgr and fyr7 are defined from CK t falling edge.

NOTE 4 It is recommended to hold the CA bus stable for one cycle prior to and one cycle after the issuance of the
MRW CA training entry command to ensure setup and hold timings on the CA bus.
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4.11.3 Mode Register Write -- CA Training Mode (cont’d)

The LPDDR3 SDRAM may not properly recognize a Mode Register Write command at normal operation frequency
before CA Training is finished. Special encodings are provided for CA Training mode enable/disable. MR41 and
MRA42 encodings are selected so that rising edge and falling edge values are the same. The LPDDR3 SDRAM will

recognize MR41 and MR42 at normal operation frequency even before CA timing adjustment is finished.
Calibration data will be output through DQ pins. CA to DQ mapping is described in Table 19.

After timing calibration with MR41 is finished, users will issue MRW to MR48 and calibrate remaining CA pins
(CA4 and CA9) using (DQ0/DQland DQ8/DQY) as calibration data output pins (see Table 21).

CA Training timing values are specified in the AC Timing Table on page 112.

Table 17 — CA Training mode enable ( MR41(29H, 0010 1001B), OP=A4H(1010 0100B) )

CAO0 CAl CA2 CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9
Rising Edge L L L L H L L H L H
Falling Edge L L L L H L L H L H
Table 18 — CA Training mode disable (MR42(2AH,0010 1010B),0P=A8H(1010 1000B) )
CAO0 CAl CA2 CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9
Rising Edge L L L L L H L H L H
Falling Edge L L L L L H L H L H
Table 19 — CA to DQ mapping (CA Training mode enabled with MR41)
CAO0 CA1 CA2 CA3 CA5 CA6 CA7 CA8 Clock edge
DQO DQ2 DQ4 DQ6 DQ8 | DQ10 | DQI12 | DQ14 CK _t rising edge
DQ1 DQ3 DQ5 DQ7 DQY9 | DQI11 | DQI13 | DQI15 CK t falling edge

Table 20 — CA Training mode enable ( MR48(30H, 0011 0000B), OP=COH(1100 0000B) )

CA0 | CAl CA2 | CA3 | CA4 | CAS | CA6 | CAT | CA8 | CA9
Rising Edge L L L L L L L L H H
Falling Edge L L L L L L L L H H

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

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

NOTE 1 Other DQs must have valid output (either HIGH or LOW)
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4.11.4 Mode Register Write - WR Leveling Mode

In order to provide for improved signal integrity performance, the LPDDR3 SDRAM provides a write leveling
feature to compensate for timing skew, affecting timing parameters such as /pqgs, /pss, and fpgy-

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

All data bits carry the leveling feedback to the controller (DQ[15:0] for x16 configuration, DQ[31:0] for x32
configuration). All DQS signals must be leveled independently.

The LPDDR3 SDRAM enters into write leveling mode when mode register MR2[7] is set HIGH. When entering

write leveling mode, the state of the DQ pins is undefined. During write leveling mode, only NOP commands are
allowed, or MRW command to exit write leveling operation. Upon completion of the write leveling operation, the
DRAM exits from write leveling mode when MR2[7] is reset LOW.

The controller will drive DQS_t LOW and DQS_c HIGH after a delay of twy posen- After time fyy Mrp, the

controller provides DQS signal input which is used by the DRAM to sample the clock signal driven from the
controller. The delay time fy MRD(max) 18 controller dependent. The DRAM samples the clock input with the rising

edge of DQS and provides asynchronous feedback on all the DQ bits after time #y . The controller samples this

information and either increment or decrement the DQS _t and/or DQS _c delay settings and launches the next
DQS/DQS# pulse. The sample time and trigger time is controller dependent. Once the following DQS_t/DQS ¢
transition is sampled, the controller locks the strobe delay settings, and write leveling is achieved for the device.
Figure 46 describes the timing for the write leveling operation.

Figure 46 — Write Leveling Timing

Nop >< Nop >< Nop >< Nop >< Nop >< Nop
D Qr - -

DQs
twimRD twio toasH toasL twio

~ | ) 1

[Cmd]

DQQ_t
DQS_c
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412 On-Die Termination

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

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

A simple functional representation of the DRAM ODT feature is shown in Figure 47.

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

Figure 47 — Functional Representation of ODT

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

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

4.12.1 ODT Mode Register
The ODT Mode is enabled if MR11 OP<1:0> are non zero. In this case, the value of Rt is determined by the settings
of those bits. The ODT Mode is disabled if MR11 OP<1:0> are zero.
MRI11 OP<2> determines whether ODT, if enabled through MR11 OP<1:0>, will operate during CKE power down.
4.12.2 Asynchronous ODT
The ODT feature is controlled asynchronously based on the status of the ODT pin, except ODT is off when:.

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

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

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

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

- DRAM is in CA Training Mode.
In asynchronous ODT mode, the following timing parameters apply when ODT operation is controlled by the ODT
pin: tODTon,min,max’ tODTof‘f,min,max-
Minimum Ry turn-on time (fopron,min) 1S the point in time when the device termination circuit leaves high
impedance state and ODT resistance begins to turn on. Maximum R turn on time ({opTon.max) 1S the point in time
when the ODT resistance is fully on. topton,min @0d topTon,max are measured from ODT piljl high.

Minimum Ryt turn-off time ({opToff,min) is the point in time when the device termination circuit starts to turn off the

ODT resistance. Maximum ODT turn off time (ZopTofr,max) 1S the point in time when the on-die termination has
reached high impedance. fopoff,min @0d /0pToff.max ar¢ measured from ODT pin low.

4.12.3 ODT During Read Operations (RD or MRR)

During read operations, LPDDR3 SDRAM will disable termination and disable ODT control through the ODT pin.
After read operations are completed, ODT control is resumed through the ODT pin (if ODT Mode is enabled).
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412 On-Die Termination (cont’d)
4.12.4 ODT During Power Down

When MR11 OP<2> is zero, termination control through the ODT pin will be disabled when the DRAM enters CKE
power down. After a power down command is registered, termination will be disabled within a time window
specified by ZopTd minmax- ODT pin control is resumed when power down is exited (if ODT Mode is enabled).

Between the power down exit command and until #xp is satisfied, termination will transition from disabled to control
by the ODT pin. When f#xp is satisfied, the ODT pin is used to control termination.

Minimum Ry disable time (foprd min) 18 the point in time when the device termination circuit is no longer be
controlled by the ODT pin. Maximum ODT disable time (fopTd max) 1S the point in time when the on-die termination
will be in high impedance.

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

4.12.5 ODT During Self Refresh

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

through the ODT pin is resumed (if ODT Mode is enabled). Between the self refresh exit command and until #xgp is
satisfied, termination will transition from disabled to control by the ODT pin. When fxqp, is satisfied, the ODT pin is
used to control termination.

4.12.6 ODT During Deep Power Down

LPDDR3 SDRAM disables the ODT function during deep power down. After a deep power down command is
registered, termination will be disabled within a time window specified by fopTd minmax-

4.12.7 ODT During CA Training and Write Leveling

During CA Training Mode, LPDDR3 SDRAM will disable on-die termination and ignore the state of the ODT
control pin. For ODT operation during Write Leveling mode, refer to the DRAM Termination Function In Write
Leveling Mode Table on page 61 for termination activation and deactivation for DQ and DQS_t/DQS c.

Table 22 — DRAM Termination Function In Write Leveling Mode

ODT pin DQS _t/DQS_c termination DQ termination
de-asserted OFF OFF
asserted ON OFF

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

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

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

Figure 48 — Asynchronous ODT Timing Example for RL = 12

// RL=12

/BouR #bouty /Bou
(R

tDQSCK
oDT
DRAM_RTT ODTON \\ ODT OFF W Q(
\\ tODToff(min) tODTon(min)

| tODToff(max) N | tODTon(max) o

Figure 49 — Automatic ODT Timing During READ Operation Eaxample for RL = m

) T0 T1 Tm-3 Tm-2 Tm-1 Tm Tm+1 Tm+2 Tm+3 j’m+4 Tm+5 Tm+6 Tm+7 Tm+8 Tm+9

/ RL=m
DQS t, I
DQS_c // tLZ(DQS)
bQ B e e
// tDQSCK s )87 )
-,
oDT \
DRAM_RTT \l ODTON ODT OFF X ODT ON
\\ tAODToff tAODTon
| tAODTOff e .

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

Figure 50 — ODT Timing During Power Down, Self Refresh, Deep Power Down Entry/Exit Example
T0 T1 T2 T3 T™m-2  Tm-1 m Tm+l  Tm+2 Tn

=y =
/ \ / \

oDT G (?
DRAM_RTT |  ODTON v ODT OFF ooton

tODTd tODTe

NOTE 1 Upon exit of Deep Power Down mode, a complete power-up initialization sequence is required.
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413 Power-down

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

shown in Figure 51 on page 63 through Figure 62 on page 67.
Entering power-down deactivates the input and output buffers, excluding CK t, CK c, and CKE. To ensure that there

is enough time to account for internal delay on the CKE signal path, two NOP commands are required after CKE is
driven LOW, this timing period is defined as 7cppgrp. CKE LOW will result in deactivation of input receivers after

tcppep 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 /cg g min 18 satisfied. Vrgpca must be maintained at a valid level during power-down.

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

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

The power-down state is exited when CKE is registered HIGH. The controller must drive CS_n HIGH in conjunction
with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained until Zcgg mip is satisfied. A

valid, executable command can be applied with power-down exit latency txp after CKE goes HIGH. Power-down
exit latency is defined in the AC timing parameter table.

If power-down occurs when all banks are idle, this mode is referred to as idle power-down; if power-down occurs
when there is a row active in any bank, this mode is referred to as active power-down. For the description of ODT
operation and specifications during power-down entry and exit, see section On-Die Termination on page 60.

Figure 51 — Basic Power-Down Entry and Exit Timing

’—ﬂ2tc,<(min)

\ N T B B B B e
Input clock frequency may be changed tiHcke— I

g
[
: “or the input clock stopped during Power-Down“: L C G (q_‘
=) ‘ )
T [ |
4—>‘ || tISCKE |

cs.n [N N Y O Y
RlE=men e e

? tCKE(min) dh tXP(mm)

Enter Power-Down mode Exit Power-Down mode

tCKE(min)

NOTE 1 Input clock frequency can be changed or the input clock can be stopped or floated during power-down,
provided that upon exiting power-down, the clock is stable and within specified limits for a minimum of 2 clock
cycles prior to power-down exit and the clock frequency is between the minimum and maximum specified frequency
for the speed grade in use.
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413 Power-down (cont’d)

Figure 52 — CKE-Intensive Environment

CK_c .
CK_t

o | TN,

. - — .

: ' txp ' : + leke - ' txp '

: < : : : <
[CMD] . : : REF - : : : : REF
' ' ' : : . tREFI . : :

- >

NOTE 1 The pattern shown can repeat over an extended period of time. With this pattern, all AC and DC timing and
voltage specifications with temperature and voltage drift are ensured.

Figure 54 — READ to Power-Down Entry

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

[CMD] . RD
CKEE I RL I I I I I T I I I I

baQ : : :,{ : aaxaxaexaxexaexa ' ¢a;ﬁ : : 5

DQS_t : ' : :

L

NOTE 1 CKE must be held HIGH until the end of the burst operation.
NOTE 2 CKE can be registered LOW at RL + RU(fpgscrmaxy/fck) T BL/2 + 1 clock cycles after the clock on
which the READ command is registered.

v
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413 Power-down (cont’d)
Figure 55 — READ with Auto Precharge to Power-Down Entry

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

[cMD] ! “roA ) R .
' - : " BL2S_ :. T ' ' ' ' ; '

CKE'2 RL ' | |
e . T
Dast 5 | | | :
DQS ¢ - ' ' : :

NOTE 1 CKE must be held HIGH until the end of the burst operation.

NOTE 2 CKE can be registered LOW at RL + RU(tpqgsck/ick)+ BL/2 + 1 clock cycles after the clock on which the
READ command is registered.

NOTE 3 BL/2 with fgrp = 7.5ns and fr Agomn) 18 satisfied.

NOTE 4 Start internal PRECHARGE.

Figure 56 — WRITE to Power-Down Entry

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

[CMD]

S | S S S S |
s N NN A
» —— —OPNEEEEE e ———

-1

DOS_t i |

DOSc ! Y B\ : | | |
NOTE 1 CKE can be registered LOW at WL + 1 + BL/2 + RU(#tyg/tck) clock cycles after the clock on which the
WRITE command is registered.

Figure 57 — WRITE with Auto Precharge to Power-Down Entry
T0 T Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4

CK_c
CK_t
[CMD]
CKE . . // . . Blse . . . . : . :
I PR O C 00 0D s S
, , P — WR T . . .
DQS_t —\ ¢ A A A ;
pas o i \

NOTE 1 CKE can be registered LOW at WL + 1 + BL/2 + RU(¢twr/tcx) + 1 clock cycles after the WRITE com-

mand is registered.
NOTE 2 Start internal PRECHARGE.
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413 Power-down (cont’d)
Figure 58 — REFRESH Command to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK o . . . . . . . . ‘ . . . .
CKt .
cMD] | N . . . . . ‘ . . . ‘
CKE1 X 1 1 1 1 1 1 1 1 1 1 1
fiHCKE «—>| [T
. <> tiscke

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

Figure 59 — ACTIVATE Command to Power-Down Entry
TO T T2 T3 T4 T5 T6 T7 T8 T9 T10  T11

CK c
CK_t

[CMD]

CKE' . .

tiHcKE! ;
- leorhscke ! : ! : ! : ! : :

NOTE 1 CKE can go LOW at #ckE after the clock on which the ACTIVATE command is registered.

Figure 60 — PRECHARGE Command to Power-Down Entry

[CMD] PRE

CKE . : :
+ liHcKE:
: : fiscke

NOTE 1 CKE can go LOW kg after the clock on which the PRECHARGE command is registered.
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413 Power-down (cont’d)

Figure 61 — MRR to Power-Down Entry

CK_c.

[CMD] : MRR

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

.
«—>'tiscke

CKE™2 .

DQ-—

DQS_t-
DQS_c:
NOTE 1 CKE can be registered LOW RL + RU(#pgsci/fck)t BL/2 + 1 clock cycles after the clock on which the

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

Figure 62 — MRW to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK_c
CK_t .
[CMD] . MRW
: D — K : : ! : ! : ! :
CKE : : o ! . ! ! ! . ! .
: ! : ' oltsoe | : : : ! : ! :

NOTE 1 CKE can be registered LOW #\gw after the clock on which the MRW command is registered.
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414 Deep Power-Down

Deep Power-Down is entered when CKE is registered LOW with CS_n LOW, CAO0 HIGH, CA1 HIGH, and CA2
LOW at the rising edge of clock. All banks must be in idle state with no activity on the data bus prior to entering the
Deep Power Down mode. During Deep Power-Down, CKE must be held LOW. The contents of the SDRAM will be
lost upon entry into Deep Power-Down mode.

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

CKE LOW will result in deactivation of command and address receivers after /cppgp has expired. All power supplies
must be within specified limits prior to exiting Deep Power-Down. Viemq and Vierca may be at any level within
minimum and maximum levels (see Abolute Maximum Ratings). However prior to exiting Deep Power-Down, V¢
must be within specified limits (See Recommended DC Operating Conditions).

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

The SDRAM must be fully re-initialized as described in the power up initialization Sequence. The SDRAM is ready
for normal operation after the initialization sequence is completed. For the description of ODT operation and
specifications during DPD entry and exit, see section On-Die Termination on page 60.

Tc
2 tCK (mln)

T T
— tINI 3 =200 us (min)\ >
| |

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

ﬁ o
cs» [ I

| |
| | | | | | | | | | | | | | : | : : :
w01 (1o (2 Y = o ) N W - | =)

A

trp I ) torp i’
L
Enter Deep Power-Down mode Exit Deep Power-Down mode

Figure 63 — LPDDR3: Deep power down entry and exit timing diagram

NOTE 1 Initialization sequence may start at any time after Tc.
NOTE 2  #ni3, and Tc refer to timings in the LPDDR3 initialization sequence. For more detail, see Power-Up
and Initialization.

NOTE 3 Input clock frequency may be changed or the input clock can be stopped or floated during deep power-
down, provided that upon exiting deep power-down, the clock is stable and within specified limits for a minimum
of 2 clock cycles prior to deep power-down exit and the clock frequency is between the minimum and maximum
frequency for the particular speed grade.
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415 Input clock stop and frequency change

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

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

Refresh requirements apply during clock frequency change;

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

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

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

The clock satisfies /cpabs) and 0 (abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

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

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

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

Refresh requirements apply during clock stop;

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

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

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

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

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

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

ICK (abs)min 18 met for each clock cycle;
Refresh requirements apply during clock frequency change;

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

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

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

The LPDDR3 SDRAM is ready for normal operation after the clock satisfies /cyyaps) and #c (aps) for a minimum
of 2*ICK + txp.

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

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

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

CS_n shall be held HIGH during clock clock stop;

Refresh requirements apply during clock stop;

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

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

The related timing conditions (fgcp, fwr»> f'wRA- IRP IMRW: IMRR- €t€.) have been met prior to stopping the clock;

The LPDDR3 SDRAM is ready for normal operation after the clock is restarted and satisfies /cpyaps) and Zcr (abs)
for a minimum of 2%t + txp.
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416 No Operation command

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

1. CS_n HIGH at the clock rising edge N.
2.CS n LOW and CAO, CA1, CA2 HIGH at the clock rising edge N.

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

74

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

W03 YIBRSTINIIL /1 SA1RY CSTUNITY A paIngraistag

*RTUO @sn S,8asUadT JOj 90-TT-5202 U0 BJag Japuexaly 0} pasuaal] TeTdaiew pajydrJRdog



JEDEC Standard No. 209-3
Page 71

417  Truth tables

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

4.17.1 Command Truth Table

Table 24 — Command Truth Table

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

Notes to Table 24

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

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

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

bank associated with the READ or WRITE command.

NOTE 4

“X” means “H or L (but a defined logic level)”, except when the LPDDR3 SDRAM is in PD, SREF,

or DPD, in which case CS_n, CK _t/CK c, and CA can be floated.

NOTE 5
NOTE 6
NOTE 7
NOTE 8
NOTE 9

Self refresh exit and Deep Power Down exit are asynchronous.

Vrer must be between 0 and Vppq during Self Refresh and Deep Power Down operation.
CAxr refers to command/address bit “x” on the rising edge of clock.

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

CS n and CKE are sampled at the rising edge of clock.

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

NOTE 11 AB “high”during Precharge command indicates that all bank Precharge will occur. In this case, Bank
Address is do-not-care.
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4.17.2 CKE Truth Table
Table 25 — LPDDR3: CKE Table'-2
Device Current State”> |CKE,_**|CKE,™| cs n**| Commandn"® Operation n"® Device Next State Notes
. L L X X Maintain Active Power Down Active Power Down
Active
Power Down L H H NOP Exit Active Power Down Active 7
L L X X Maintain Idle Power Down Idle Power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 7
Maintain Resetting
L L X X
. Resetting Power Down Power Down
Resetting
Power Down ' A Idle or
L H H NOP Exit Resetting Power Down . 7,10
Resetting
Maintain
L L X X Deep Power Down
Deep Power Down Deep Power Down
L H H NOP Exit Deep Power Down Power On 9
L L X X Maintain Self Refresh Self Refresh
Self Refresh
L H H NOP Exit Self Refresh Idle 8
Enter
Bank(s) Active H L H NOP Active Power Down
Active Power Down
Enter
H L H NOP Idle Power Down
Idle Power Down
Enter Enter
All Banks Idle H L L Self Refresh 11
Self-Refresh Self Refresh
Enter Enter
H L L Deep Power Down
Deep Power Down Deep Power Down
. Enter .
Resetting H L H NOP . Resetting Power Down
Resetting Power Down
H H Refer to the Command Truth Table

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6
NOTE 7

twice during the typ period.

'X” means ‘Don’t care’.

“CS_n” is the logic state of CS_n at the clock rising edge n;

“Current state” is the state of the LPDDR3 device immediately prior to clock edge n.
“CKE,” is the logic state of CKE at clock rising edge n; “CKE,,_,” was the state of CKE at the previous clock edge.

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

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

Power Down exit time (¢xp) should elapse before a command other than NOP is issued. The clock must toggle at least

NOTE 8 Self-Refresh exit time (¢xgg) should elapse before a command other than NOP is issued. The clock must toggle at least

twice during the txgp time.

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

tional Description.

NOTE 10 Upon exiting Resetting Power Down, the device will return to the Idle state if #;\5 has expired.

NOTE 11
VDDQ.
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4.17.3 State Truth Tables

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the
applied restrictions when considering the actual state of all banks.

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

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

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

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

Idle: The bank or banks have been precharged, and fzp has been met.
Active: A row in the bank has been activated, and #gp has been met. No data bursts / accesses and no register accessesare in progress.
Reading: A Read burst has been initiated, with Auto Precharge disabled.
Writing: A Write burst has been initiated, with Auto Precharge disabled.
NOTE 4 The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable commands to the

other bank should be issued on any clock edge occurring during these states. Allowable commands to the other banks are determined by its current
state and Table 2, and according to Table 3.

Precharging: starts with the registration of a Precharge command and ends when #gp is met. Once fgp is met, the bank will be in the idle state.
Row Activating: starts with registration of an Activate command and ends when fcp is met. Once fgcp is met, the bank will be in the ‘Active’
state.

Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when gp has been met. Once fgp
has been met, the bank will be in the idle state.

Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when #gp has been met. Once #gp is
met, the bank will be in the idle state.
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4.17.3 State Truth Tables (cont’d)
Table 26, Notes (cont’d)

NOTE 5 The following states must not be interrupted by any executable command; NOP commands must be applied to each positive clock edge
during these states.

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

Refreshing (All Bank): starts with registration of an Refresh (All Bank) command and ends when fgpc,p 1s met. Once tggc,p, is met, the device will
be in an ‘all banks idle’ state.

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

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

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

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

Precharging All: starts with the registration of a Precharge-All command and ends when fgp is met. Once fgp is met, the bank will be in the idle
state.

NOTE 6 Bank-specific; requires that the bank is idle and no bursts are in progress.

NOTE 7 Not bank-specific; requires that all banks are idle and no bursts are in progress.

NOTE 8 Not bank-specific reset command is achieved through Mode Register Write command.

NOTE 9 This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for precharging.
NOTE 10 A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is enabled.
NOTE 11  The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

NOTE 12 A Write command may be applied after the completion of the Read burst, burst terminates are not permitted.

NOTE 13 A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.

NOTE 14 If a Precharge command is issued to a bank in the Idle state, fgp shall still apply.
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4.17.3 State Truth Tables (cont’d)

Table 27 — Current State Bank n - Command to Bank m

Next State f
Current State of | Command for Eeetion ext State for NOTES
Bank n Bank m Bank m
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m - 18
Activate Select and activate row in Bank m Active 6
Read Select column, and start read burst from Bank m Reading 7
AROW Agtlvat- Write Select column, and start write burst to Bank m Writing 7
ing, Active, or
Precharging Precharge Deactivate row in bank or banks Precharging 8
. Idle MR Reading or
MRR Read value from Mode Regist . , 9,10, 12
ead value from Mode Register Active MR Reading
Read Select column, and start read burst from Bank m Reading 7
Reading Write Select column, and start write burst to Bank m Writing 7,13
(Autoprecharge - - - -
disabled) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,15
Writing Write Select column, and start write burst to Bank m Writing 7
(Autoprecharge - - - -
disabled) Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,14
Reading with Write Select column, and start write burst to Bank m Writing 7,13, 14
Autoprecharge Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m Reading 7,14, 15
Writing with Write Select column, and start write burst to Bank m Writing 7,14
Autoprecharge Activate Select and activate row in Bank m Active
Precharge Deactivate row in bank or banks Precharging 8
Power On Reset Begin Device Auto-Initialization Resetting 11, 16
Resetting MRR Read value from Mode Register Resetting MR Reading
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NOTE 1 The table applies when both CKEn-1 and CKEn are HIGH, and after #ygg or #xp has been met if the previous state was Self Refresh or
Power Down.

NOTE 2 All states and sequences not shown are illegal or reserved.

NOTE 3 Current State Definitions:

Idle: the bank has been precharged, and #gp has been met.
Active: a row in the bank has been activated, and #gp has been met. No data bursts/accesses and no register accesses are in progress.

Reading: a Read burst has been initiated, with Auto Precharge disabled.

Writing: a Write burst has been initiated, with Auto Precharge disabled.

NOTE 4 Refresh, Self-Refresh, and Mode Register Write commands may only be issued when all bank are idle.
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4.17.3 State Truth Tables (cont’d)
Table 27, Notes (cont’d)

NOTE 5 The following states must not be interrupted by any executable command; NOP commands must be applied during each clock cycle
while in these states:

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

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

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

MR Writing: starts with the registration of an MRW command and ends when #y;gy has been met. Once #\;gw has been met, the bank will be in the
Idle state.

NOTE 6 tgrp must be met between Activate command to Bank 7 and a subsequent Activate command to Bank m. Additionally, in the case of
multiple banks activated, fpay must be satisfied.

NOTE 7 Reads or Writes listed in the Command column include Reads and Writes with Auto Precharge enabled and Reads and Writes with Auto
Precharge disabled.

NOTE 8 This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for precharging.

NOTE 9 MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends when fzcp

is met.)

NOTE 10 MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when #gp is met.
NOTE 11 Not bank-specific; requires that all banks are idle and no bursts are in progress.

NOTE 12 The next state for Bank m depends on the current state of Bank m (Idle, Row Activating, Precharging, or Active). The reader shall note
that the state may be in transition when an MRR is issued. Therefore, if Bank m is in the Row Activating state and Precharging, the next state may
be Active and Precharge dependent upon #gp and fgp respectively.

NOTE 13 A Write command may be applied after the completion of the Read burst, burst terminates are not permitted..

NOTE 14 Read with auto precharge enabled or a Write with auto precharge enabled may be followed by any valid command to other banks pro-
vided that the timing restrictions described in the precharge and auto-precharge clarification table are followed.

NOTE 15 A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.

NOTE 16 Reset command is achieved through Mode Register Write command.

4.17.3.1 Data Mask Truth Table

Table 28 provides the data mask truth table.
Table 28 — DM truth table

Name (Functional) DM DQs Note
Write enable L Valid 1
Write inhibit H X 1

NOTE 1 Used to mask write data, provided coincident with the corresponding data.
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5 Absolute Maximum Ratings

5.1 Absolute Maximum DC 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 or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability.

Table 29 — Absolute Maximum DC Ratings

Parameter Symbol | Min | Max | Units | Notes
Vbp1 supply voltage relative to Vgg Vb1 04| 23 A% 1
Vbp2 supply voltage relative to Vgg Vb2 04| 1.6 \Y% 1
Vbpca supply voltage relative to Vggea Vobca | -04] 1.6 \Y% 1,2
Vbpq supply voltage relative to FVsgq VbboQ 04| 1.6 A% 1,3
Voltage on any ball relative to Vgg Vino Vour | -04| 1.6 v
Storage Temperature Tstg -55 | 125 °C 4

NOTE 1 See “Power-Ramp” section in “Power-up, Initialization, and Power-off” on page 12 for relationships
between power supplies.

NOTE 2 VREFCA < 0.6 x VDDCA; hOWCVCI', VREFCA may be > VDDCA provided that VREFCA < 300mV.

NOTE 3 VREFDQ < 0.6x VDDQ; hOWeVer, VREFDQ may be > VDDQ prOVided that VREFDQ < 300mV.

NOTE 4 Storage Temperature is the case surface temperature on the center/top side of the LPDDR3 device. For the
measurement conditions, please refer to JESD51-2 standard.
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6 AC & DC Operating Conditions

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

6.1

Recommended DC Operating Conditions

Table 30 — Recommended DC Operating Conditions

Voltage
Symbol DRAM Unit
Min Typ Max
Vb1 1.70 1.80 1.95 Core Powerl v
Vb2 1.14 1.20 1.30 Core Power2 v
Vbbpea 1.14 1.20 1.30 Input Buffer Power | V
Vbpo 1.14 1.20 1.30 I/O Buffer Power v

NOTE 1 Vpp; uses significantly less current than Vpp,.

NOTE 2 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 IMHz at the DRAM package ball.

6.2 Input Leakage Current
Table 31 — Input Leakage Current

Parameter/Condition Symbol Min Max Unit | Notes
Input Leakage current Iy, -2 2 uA | 1,2
VREr supply leakage current IyREFR -1 1 uA | 3,4

NOTE 1 For CA, CKE, CS_n, CK_t, CK_c. Any input OV "< Vi < Vppca (All other pins not under test = 0V)

NOTE 2 Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification.
NOTE 3 Minimum limit requirement is for testing purposes. Leakage current on Vrgpca and Vreppq pins should be minimal.

NOTE 4 Vrerpq = Vbpo/2 or VrRerca = Vbpca/2- (All other pins not under test = 0V)

6.3 Operating Temperature Range
Table 32 — Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
Standard TOPER -25 85 oC
Elevated 85 105 oC

NOTE 1 Operating Temperature is the case surface temperature on the center-top side of the LPDDR3 device. For the measure-
ment conditions, please refer to JESD51-2 standard.

NOTE 2 Some applications require operation of LPDDR3 in the maximum temperature conditions in the Elevated Temperature
Range between 85 °C and 105 °C case temperature. For LPDDR3 devices, derating may be neccessary to operate in this range.
See MR4 on page 22.

NOTE 3 Either the device case temperature rating or the temperature sensor ( See “Temperature Sensor’” on page 51) may be
used to set an appropriate refresh rate, determine the need for AC timing de-rating and/or monitor the operating temperature. When
using the temperature sensor, the actual device case temperature may be higher than the 7Topgp rating that applies for the Standard

or Elevated Temperature Ranges. For example, T4 g may be above 85 °C when the temperature sensor indicates a temperature of
less than 85 °C.
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7 AC and DC Input Measurement Levels

71 AC and DC Logic Input Levels for Single-Ended Signals

711 AC and DC Input Levels for Single-Ended CA and CS_n Signals
Table 33 — Single-Ended AC and DC Input Levels for CA and CS_n Inputs
Symbol Parameter Min Max Unit | Notes

Vaca(AC) AC input logic high VRee +0.150 Note 2 v 1,2
VLca(AC) AC input logic low Note 2 VRee-0.150 | V 1,2
Vuca(DC) DC input logic high VRee+0.100 Vbbea A% 1
VLca(DC) DC input logic low Vssca VRee-0.100 | V 1
VRefca(DC) Reference Voltage for CA and CS_n inputs | 0.49 * Vppea | 051 * Vppea |V 3,4

NOTE 1 For CA and CS_n input only pins. Vrer= VrefcADO)-

NOTE 2 See “Overshoot and Undershoot Specifications” on page 92

NOTE 3 The ac peak noise on Vgepcp may not allow Vgegea to deviate from Vyegea ey by more than +/-1%

Vbpca (for reference: approx. +/- 12 mV).

NOTE 4 For reference: approx. Vppca/2 +/- 12 mV.

7.1.2 AC and DC Input Levels for CKE

Table 34 — Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit | Notes
VIHCKE CKE Input High Level 0.65 * Vppca Note 1 \Y%
VILCKE CKE Input Low Level Note 1 035* Vppca| V

Note 1  See “Overshoot and Undershoot Specifications” on page 92

7.1.3 AC and DC Input Levels for Single-Ended Data Signals
Table 35 — Single-Ended AC and DC Input Levels for DQ and DM

Vppq (for reference: approx. +/- 12 mV).
NOTE 4 For reference: approx. Vppq/2 +/- 12 mV.
NOTE 5 For reference: approx. Voprr/2 +/- 12 mV.

2RON+RTT

VODTR =
RON+RTT

x VDDQ

NOTE 2  See “Overshoot and Undershoot Specifications” on page 92
NOTE 3 The ac peak noise on Vgemq may not allow Vremq to deviate from Vg.mq(pc) by more than +/-1%

Symbol Parameter Min Max Unit | Notes
ViipQ(AC) AC input logic high VRee +0.150 Note 2 v 1,2,5
ViLpQ(AC) AC input logic low Note 2 VRef - 0.150 v 1,2,5
Viapo(DC) DC input logic high VRer T 0.100 Vbpo \% 1
Vipo(DC) DC input logic low Vsso VRes 0.100 v 1
VRebQ(DC - % %

(DQ ODT disag)le d) Reference Voltage for DQ, DM inputs | 0.49 * Vppg | 0.51 * Vppg v 3,4
VRefDQ(DC) - VopTr/2 - VopTr/2 +

(DQ ODT enabled) Reference Voltage for DQ, DM inputs 0.01 * Vppo | 0.01* Vppg v 3,5,6

NOTE 1 For DQ input only pins. VRef: VReﬂDQ(DC)'

NOTE 6 Ry and Ropt nominal mode register programmed values are used for the calculation of Vyprg.
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7.2 Wref Tolerances

The de-tolerance limits and ac-noise limits for the reference voltages Vrerca and Vremoq are illustrated in Figure 64.
It shows a valid reference voltage Vg(t) as a function of time. (Vrer stands for Vrepca and Vremq likewise). Vpp
stands for Vppca for Vrepea and Vppg for Vremq- Vre(DC) 1s the linear average of Vy(t) over a very long period
of time (e.g. 1 sec) and is specified as a fraction of the linear average of V'ppq or Vppca also over a very long period
of time (e.g. 1 sec). This average has to meet the min/max requirements in Table 33. Furthermore Vg.((t) may
temporarily deviate from Vgepc) by no more than +/- 1% Vpp. Vref(t) cannot track noise on Vppg or Vppca if this
would send V¢ outside these specifications.

A voltage
Vbp
A
as
. VRef(t)
VRef @c-noise Ref
VRef(DC)max
VRef(DC)nom
VRef(DC)min
A
Ay
Vss
time

Figure 64 — lllustration of Vrefpc) tolerance and Vges ac-noise limits

The voltage levels for setup and hold time measurements Vigac), Vinmoe)y Viac) and Vi pc) are dependent on
VRet- “VRet “ shall be understood as Vrepc), as defined in Figure 64.

This clarifies that dc-variations of V. affect the absolute voltage a signal has to reach to achieve a valid high or low

level and therefore the time to which setup and hold is measured. System timing and voltage budgets need to account
for Vrgr(pc) deviations from the optimum position within the data-eye of the input signals.

This also clarifies that the LPDDR3 setup/hold specification and derating values need to include time and voltage
associated with V. ac-noise. Timing and voltage effects due to ac-noise on V¢ up to the specified limit (+/-1% of

Vpp) are included in LPDDR3 timings and their associated deratings.
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7.3 Input Signal

VIL and VIH Levels With Ringback

A Vpp + 0.35V
Minimum VAL and VIH Levels

ViHac) ViHac)

Vireo) Vihoe)

VRer + AC noise
VRrer + DC erro,

VRer - DC error
VRrer - AC noise

Vi
Viioo) IL(DC)

ViLiac)

ViLac)

\/ Vgs - 0.35V

Figure 65 — LPDDR3 Input Signal
NOTE 1 Numbers reflect nominal values.
NOTE 2 For CA0-9, CK_t, CK_c,and CS_n, Vpp stands for Vppca. For DQ, DM, DQS _t, and DQS_c, V'pp

stands for Vppq.

NOTE3 For CA0-9,CK_t,CK c,and CS_n, Vgg stands for Vggca. For DQ, DM, DQS _t, and DQS_c, Vgg stanc
fOI' VSSQ'
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7.4 AC and DC Logic Input Levels for Differential Signals
7.4.1 Differential signal definition

differential

voltage
A

tbvac

VipIFFaeMIN - — — /& N — — — — — — — — — —

ViwpIFFpeyMIN - £ — — — — —>— A\ — — — — — — — — — — — — -
™\,

™ CK_t-CK_c
0.0 / ____________ DQS_t-DQS_c
ViLoIrrpeyMAX ]
A
N
VioFFacMAX L ]
half cycle

tbvac

P time

Figure 66 — Definition of differential ac-swing and “time above ac-level” tpyac
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7.4.2 Differential swing requirements for clock (CK_t - CK_c) and strobe (DQS_t - DQS_c)
Table 36 — Differential AC and DC Input Levels

Value
Symbol Parameter Min Max Unit | Notes
ViHdiff(de) Differential input high 2 x (V(de) - Vrep) note 3 \Y% 1
VILdiff(de) Differential input low Note 3 2x (V(de) - Vgep) v 1
VIHdiff(ac) Differential input high ac 2 x (Vp(ac) - Vrep) Note 3 \Y% 2
VLdiff(ac) Differential input low ac note 3 2x (M(ac) - Vgep) v 2

NOTE 1 Used to define a differential signal slew-rate. For CK_t - CK_c use Viy/Vyp (4c) of CA and Vyg.

rcas for DQS_t - DQS_c, use Viy/Vip (4c) of DQs and Vgreppg; if a reduced de-high or de-low level is

used for a signal group, then the reduced level applies also here.
NOTE2 For CK_t - CK_c use Viy/ VL (ac) of CA and Vigpca; for DQS_t - DQS_c¢, use Vip/ Vi (ac) Of
DQs and Vrgppg; if a reduced ac-high or ac-low level is used for a signal group, then the reduced level

applies also here.
NOTE 3 These values are not defined, however the single-ended signals CK_t, CK ¢, DQS t, and

page 92.
NOTE 4 For CK_tand CK_c, Vper= Frefca(pc)- For DQS_tand DQS _c, Vrer= Vretpo(dC)-

the limitations for overshoot and undershoot. Refer to “Overshoot and Undershoot Specifications” on

DQS_c need to be within the respective limits (Vpy(qc) max, Vipdeymin) for single-ended signals as well as
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Differential swing requirements for clock (CK_t - CK_c) and strobe (DQS_t - DQS_c)

Table 37 — Allowed time before ringback tpyac for DQS_t/DQS_c

Slew Rate [V/ns] fpvac [ps] @ tpvac [ps] @
IVinLditfac) = 300mV | Vi diffac) = 300mV
1333Mbps 1600Mbps
min max min max
> 8.0 58 - 48 -
8.0 58 - 48 -
7.0 56 - 46 -
6.0 53 - 43 -
5.0 50 - 40 -
4.0 45 - 35 -
3.0 37 - 27 -
<3.0 37 - 27 -

Table 38 — Allowed time before ringback tpypac for CK_t/CK_c

Slew Rate [V/ns] tpvac [ps] @ tpvac [ps] @
IVI/Laiffae) = 300mV | [V diffac)l = 300mV
1333Mbps 1600Mbps
min max min max
>8.0 58 - 48 -
8.0 58 - 48 -
7.0 56 - 46 -
6.0 53 - 43 -
5.0 50 - 40 -
4.0 45 - 35 -
3.0 37 - 27 -
<3.0 37 - 27 -
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7.4.3 Single-ended requirements for differential signals

Each individual component of a differential signal (CK _t, DQS t, CK c, or DQS_c) has also to comply with certain
requirements for single-ended signals.

CK_tand CK_c shall meet Vsgpac)min/ V'SEL(ac)max I every half-cycle.
DQS_t, DQS_c shall meet Vsgpac)min/ V'SEL(ac)max It €very half-cycle preceeding and following a valid transition.

Note that the applicable ac-levels for CA and DQ’s are different per speed-bin.

VobcaorVopg - — — — — — — — — — — — — — — — — — — — -

VsEH(ac)
VsEH@omin- — — — — — — +/— —|[— \— — — — — — — — -
Vopcal20r Vppgl2- — — — — — f+ — — —|— — —\— — — — — CK_t,CK ¢
DQS _t, or DQS_c
VSEL(ac)max ————— — _
VsEL(ac)
VogopOr Vegg - — — — — — — — — 4 — — — — — — | — — _ _ _ time

Figure 67 — Single-ended requirement for differential signals.

Note that while CA and DQ signal requirements are with respect to Vref, the single-ended components of differential
signals have a requirement with respect to Vppg/2 for DQS_t, DQS_c and Vppca/2 for CK_t, CK_c; this is

nominally the same. 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 Vsgy (acymax> ¥'SEH(ac)min 1128 1o bearing on

timing, but adds a restriction on the common mode characteristics of these signals.

The signal ended requirements for CK_t, CK ¢, DQS t, and DQS_c are found in tables 33 and 35, respectively.

Table 39 — Single-ended levels for CK_t, DQS_t, CK_c, DQS_c

Value
Symbol Parameter Unit | Notes
Min Max
Vsenac) | Single-ended high-level for strobes (Vppg/2) +0.150 note 3 vV | 1,2
Single-ended high-level for CK t, (Ybpca /2) +0.150 note 3 vV | L2
CK ¢
VseL(ac) | Single-ended low-level for strobes note 3 (Ybpg/2)-0.150 vV | 1,2
Single-ended lé)l\z(v—ievel for CK t, note 3 (Vbpca /2)-0.150 v 1,2

NOTE 1 For CK_t, CK_c use Vggp/VsgL (ac) of CA; for strobes (DQS0_t, DQS0_c, DQSI _t,
DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c) use Viy/ Vi (ac) of DQs.
NOTE 2 VIH(ac)/VIL(ac) for DQS is based on VREFDQ; VSEH(ac)/ VSEL(ac) for CA is based on VREFCA; if

a reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here
NOTE 3 These values are not defined, ho\wever the single-ended signals CK t, CK ¢, DQSO t,

DQSO0 ¢, DQS1 t, DQS1 ¢, DQS2 t, DQS2 ¢, DQS3 t, DQS3 ¢ need to be within the respective

limits (V1h(dc) max> VIL(de)min) fOr single-ended signals as well as the limitations for overshoot and

undershoot. Refer to “Overshoot and Undershoot Specifications” on page 92
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7.5 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross
point voltage of differential input signals (CK _t, CK_c and DQS t, DQS _c¢) must meet the requirements in Table 39.
The differential input cross point voltage /'y is measured from the actual cross point of true and complement signals

to the midlevel between of Vpp and Vgg.

JEDEC Standard No. 209-3
Page 87

Figure 68 — V| Definition

Vbbca Or Vbpa

r— —-CK ¢,DQS ¢

VDDCA/2 or VDDQ/2

CK_t, DQS_t

Vssca Of Vssaq

Table 40 — Cross point voltage for differential input signals (CK, DQS)

Value
Symbol Parameter Unit | Notes
Min Max
Differential Input Cross Point Voltage rela-
Vixea tive to Vppca/2 for CK_t, CK_c¢ - 120 120 mV 1.2
Differential Input Cross Point Voltage rela-
VIXDQ | tive to Vpp/2 for DQS._t, DQS_c - 120 120 mv | 1.2

NOTE 1 The typical value of Vix(ac) is expected to be about 0.5 x Vpp, of the transmitting device, and Vixac)

is expected to track variations in Vpp. Vix(ac) indicates the voltage at which differential input signals must

Cross.

NOTE 2 For CK_tand CK_c, Vper= VRefca(pc)- For DQS_tand DQS_c, Vrer= Vremq(nC)-
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7.6 Slew Rate Definitions for Single-Ended Input Signals

See “CA and CS_n Setup, Hold and Derating” on page 119 for single-ended slew rate definitions for address and
command signals.

See “Data Setup, Hold and Slew Rate Derating” on page 125 for single-ended slew rate definitions for data signals.
7.7 Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK_t, CK c and DQS t, DQS c) are defined and measured as shown in
Table 41 and Figure 69.

pa3ITWJad ST BUTHJOM}BU JO UOT3anpoJdad Jayydny on
17-5202 UD 8433 JapuexaTy 03} pasuadT] TeTJajew paiysTdhdon

Table 41 — Differential Input Slew Rate Definition

€sTJn2ay Rg pajngrJisTg cpa

NOTE 1 The differential signal (i.e. CK t- CK cand DQS t-DQS c) must be linear between these thresholds.

Measured 7

Description Defined by o

from to 75

Differential input slew rate for rising edge (CK_t - . 83

CK ¢ and DQ% t-DQS c). g edge (CK_ ViLditfmax | VIHdiffmin [Vindiffimin - VILdiffmax] / DeltaTRdiff 5 F
Differential input slew rate for falling edge (CK_t . 5
-CK cand Dgs t-DQS c). g edge (CK._ Vinditfmin | VILdiffmax [Vindiffmin - VILdiffmax] / DeltaTFdiff z

Delta TRdiff

|

——————— ViHdiffmin

—————————— VLdiffmax

Differential Input Voltage (i.e. DQS_t - DQS_c¢; CK_t- CK c)

Delta TFdiff
Figure 69 — Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c

92



JEDEC Standard No. 209-3

Page 89
8 AC and DC Output Measurement Levels
8.1 Single Ended AC and DC Output Levels
Table 42 shows the output levels used for measurements of single ended signals.
Table 42 — Single-ended AC and DC Output Levels
Symbol Parameter Value Unit | Notes
Voume) | DC output high measurement level (for IV curve linearity) 0.9 x Vppg v 1
VOL DC 0.1x VDD A\ 2
(bC) DC output low measurement level (for IV curve linearity) Q
ODT disabled
VOL DC VDD X [01 +09x Vv 3
() DC output low measurement level (for IV curve linearity) (R Q/ Rer + R
ODT enabled ON ( TT ON))]
Vonac) | AC output high measurement level (for output slew rate ) VREFDQ 1 0.12 v
Vorac) | AC output low measurement level (for output slew rate ) VREFDQ - 0.12 v
Ioz Output Leakage current (DQ, DM, DQS t, DQS ¢) | Min -5 uA
(DQ, DQS_t, DQS_c are disabled; 0V < Voyr < Max 5 UA
Vbbo
MMpypp | Delta Rgy between pull-up and pull-down for Min -15 %
DQ/DM Max 15 %

NOTE 1 Igpy=-0.1mA.
NOTE 2 g, =0.1mA.
NOTE 3 The min value is derived when using Rry, pin and RoN max (+/- 30% uncalibrated, +/-15% calibrated).

8.2 Differential AC and DC Output Levels
Table 43 shows the output levels used for measurements of differential signals (DQS_t, DQS_c).
Table 43 — Differential AC and DC Output Levels

Symbol Parameter Value Unit | Notes
Vonaiffiac)| AC differential output high measurement level (for output SR) +0.20 x Vppg v 1
VoLdiffAC) AC differential output low measurement level (for output SR) -0.20x Vppq \Y% 2

NOTE 1 Igy =-0.1mA.
NOTE 2 Io =0.1mA
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8.3 Single Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between Vo ac) and Vopac) for single ended signals as shown in Table 44 and Figure 70.

Table 44 — Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoL(ac) Vonac) | [Voncac) - Vorac)l / DeltaTRse
Single-ended output slew rate for falling edge VoH(AC) Voriac) | [Vonac) - Vorac)l / DeltaTFse

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

Delta TRse
™

—~ | |
o
2 L
o |
R ali S — Von(ac)
E |
] I
= . . 14
3 | I
s ! I
3 ------ S E S Vorac)
2 I : |

| | |

| 1 |

—p! |

Delta TFse
Figure 70 — Single Ended Output Slew Rate Definition
Table 45 — Output Slew Rate (single-ended)
Value
Parameter Symbol Units
Min! Max?
Single-ended Output Slew Rate (RON =40W +/- 30%) SRQse 1.5 4.0 V/ns
Output slew-rate matching Ratio (Pull-up to Pull-down) 0.7 1.4

Description: SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

NOTE 1 Measured with output reference load.

NOTE 2 The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the
entire temperature and voltage range. For a given output, it represents the maximum difference between pull-up and
pull-down drivers due to process variation.

NOTE 3 The output slew rate for falling and rising edges is defined and measured between Vo (ac) and Vopac)-

NOTE 4 Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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8.4 Differential Output Slew Rate

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

measured between VOLdiff(AC) and VOHdiff(AC) for differential signals as shown in Table 46 and Figure 71.

Table 46 — Differential Output Slew Rate Definition

Measured
Description Defined by
from to

Differential output slew rate for rising edge VOLdiff(AC) VOHdiff(AC) [VOHdiff(AC) ~ VOLdiff(AC)] / DeltaTRdiff

Differential output slew rate for fallmg edge VOHdiff(AC) VOLdiff(AC) [VOHdiff(AC) _ VOLdiff(AC)] / DeltaTFdiff

NOTE 1 Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

2
o]
n
ol
e e VoudiffAc)
LED " . 0
2 | |
2, I I
g | I
g --—--—- e i S oo VoLditrac)
5 ! : |
= I | |
a | I I

—p |

Delta TFdiff
Figure 71 — Differential Output Slew Rate Definition
Table 47 — Differential Output Slew Rate
Value
Parameter Symbol Units
Min Max
Differential Output Slew Rate (Ron = 40W +/- 30%) SRQdiff 3.0 8.0 V/ns
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: Differential Signals

NOTE 1 Measured with output reference load.

NOTE 2 The output slew rate for falling and rising edges is defined and measured between Vo (ac)and Vop(ac)y-
NOTE 3 Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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8.5 Overshoot and Undershoot Specifications

Table 48 — AC Overshoot/Undershoot Specification

Parameter 1333 1600 Units
Maximum peak amphtude. allowed for overshoot area. Max 035 v
(See Figure 72)
Maximum peak amplitude .allowed for undershoot area. Max 035 v
(See Figure 72)
Maximum area above VDD.
) M 0.12 0.10 V-
(See Figure 72) a ns
Maximum area below VSS.
. M 0.12 0.10 V-
(See Figure 72) a ns

DQ, DM, ODT, DQS t, and DQS _c.

DQ, DM, ODT, DQS t, and DQS _c.

NOTE 1 Vpp stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. V'pp stands for Vpp, for

NOTE 1 Fgg stands for Vggcp for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vgg stands for Vgg, for

Maximum Amplitude

-,

Overshoot Area

.

Volts \\gg

(V)

Maximum Amplitude

Time (ns)

N

Undershoot Area

Figure 72 — Overshoot and Undershoot Definition

NOTE 1 Vpp stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. V'pp stands for V'ppq for DQ, DM,

ODT, DQS _t, and DQS c.

NOTE 2 Vgg stands for Vggcp for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vgg stands for Vggq for DQ, DM,

ODT, DQS t, and DQS c.
NOTE 3 Absolute maximum requirements apply.
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8.6 Output buffer characteristics
8.6.1 HSUL_12 Driver Output Timing Reference Load

These ‘Timing Reference Loads’ are not intended as a precise representation of any particular system environment or
a depiction of the actual load presented by a production tester. System designers should use IBIS or other simulation
tools to correlate the timing reference load to a system environment. Manufacturers correlate to their production test
conditions, generally one or more coaxial transmission lines terminated at the tester electronics.
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Figure 73 — HSUL_12 Driver Output Reference Load for Timing and Slew Rate

NOTE I: All output timing parameter values (like tposck, tbQss tQHs, tHz, tRPRE €tc.) are reported with
respect to this reference load. This reference load is also used to report slew rate.

8.7 Rpnpu and Ronpp Resistor Definition

_ (VDDQ - Vout)
Roves = S Towr)

NOTE 1: This is under the condition that Rynpp is turned off

VOMI
ABS(Lour)

NOTE 1: This is under the condition that Ronpy is turned off

Rownpp =

Chip in Drive Mode

Output Driver
r T /1 v
0
DDQ
St leu |
o |l Ronpu |
other | |
circuitry o
like || || Tout bQ
RCV,
] Roweo | Vout
| oo | Y
Lo SsQ

Figure 74 — Output Driver: Definition of Voltages and Currents
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8.7.1  Ronpu and Ronpp Characteristics with ZQ Calibration

Output driver impedance Ry is defined by the value of the external reference resistor Rzq. Nominal Ry, is 24002

Table 49 — Output Driver DC Electrical Characteristics with ZQ Calibration

Ron.NoM Resistor Vout Min Nom Max Unit Notes

RoN34PD 0.5x VDDQ 0.85 1.00 1.15 RZQ/7 1,2,3,4

34.3W
Ron34pu 0.5x VDDQ 0.85 1.00 1.15 RZQ/7 1,2,3,4
RoNaoPD 0.5x VDDQ 0.85 1.00 1.15 RZQ/6 1,2,3,4
40.0W
Ronaoru 0.5x VDDQ 0.85 1.00 1.15 RZQ/6 1,2,3,4
RoNagpD 0.5x Vppg | 0.85 | 1.00 115 | Rzo/5 | 1234
48.0W

Ronaspu 0.5 x Vppo 0.85 1.00 1.15 R7q/5 1,2,3,4

Mismatch between
pull-up and pull- MMpypp -15.00 +15.00 % 1,2,3.4,5
down

NOTE 1 Across entire operating temperature range, after calibration.

NOTE 2 Rzq =240Q..

NOTE 3 The tolerance limits are specified after calibration with fixed voltage and temperature. For behavior of the
tolerance limits if temperature or voltage changes after calibration, see following section on voltage and temperature
sensitivity.

NOTE 4 Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 X Vppq.

NOTE 5 Measurement definition for mismatch between pull-up and pull-down, MMp;pp: Measure Ronpy; and
RONPD’ both at 0.5 x VDDQ:

MMpurp = R—-—-—-—-—-—-—-—-—-—-—-—-—-—-—ONPU_RONPD x 100

Rownnvom
For example, with MMpypp(max) = 15% and Ronpp = 0.85, Ronpy must be less than 1.0.
NOTE 6 Output driver strength measured without ODT.

8.7.2 Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the Tables shown
below.
Table 50 — Output Driver Sensitivity Definition

Resistor Vout Min Max Unit | Notes
RonpD .
0.5Xx Vppq | 85— (dRONAT x |ATI)— (dRONAV x |AV]) | 115+ (dRONAT x |AT)) + (dRONAV x |AV]) % 1,2
Ronpu
Ryt 0.5X VppQ | 85— (dRTTAT x |ATl)~ (dRTTdV x |AV]) | 115+ (dRTTdT x |AT) + (dRTTdV x |AV]) | Yo 1,2

NOTE 1 AT = T-T(@ calibration), AV = V— V(@ calibration)

NOTE 2 dRondT, dRondV, dRprdV, and dRp1dT are not subject to production test but are verified by design
and characterization.
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4.17.3 Output Driver Temperature and Voltage Sensitivity (cont’d)
Table 51 — Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min | Max Unit

dRondT Ron Temperature Sensitivity 0.00 | 0.75 % /C

dRondV Ron Voltage Sensitivity 0.00 | 020 | % /mV
dRppdT Rt Temperature Sensitivity 0.00 | 0.75 %/C
dRprdV Rt Voltage Sensitivity 0.00 | 020 | %/mV

8.7.3 Ronpy and Ronpp Characteristics without ZQ Calibration

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

Table 52 — Output Driver DC Electrical Characteristics without ZQ Calibration

RonNOM Resistor Vout Min | Nom | Max Unit Notes
R 0.5x I 24 343 | 44.6 \% 1
343W ON34PD DDQ
Ron3apu 0.5x Vppq 24 343 | 44.6 \% 1
R 0.5x I 28 40 52 \% 1
40.0W ON40PD DDQ
RON4OPU 0.5x VDDQ 28 40 52 w 1
R 0.5x I 33.6 48 62.4 \% 1
483.0W ON48PD DDQ
RON48PU 0.5x VDDQ 33.6 48 62.4 W 1
60.0W Roneopp | 05x Vppg | 42 | 60 | 78 w 1
(Optlonal) RON60PU 0.5x VDDQ 42 60 78 \% 1
80.0W Rongopp | 0-5xVppg | 56 | 80 | 104 Y 1
(Optlonal) RONSOPU 0.5x VDDQ 56 80 104 \% 1

NOTE 1 Across entire operating temperature range, without calibration.
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8.74 Rzql-V Curve

Table 53 — Rzq I-V Curve

Ron = 240W (Rzq)
Pull-Down Pull-Up
Current [mA] / Ry [Ohms] Current [mA] / Rgy [Ohms]
Voltage[V] | gefault value with default value with
after ZQReset Calibration | after ZQReset | Calibration
Min Max | Min | Max | Min Max | Min | Max
[mA] | [mA] | [mA] | [mA] | [mA] | [mA] | [mA] | [mA]
0.00 0.00 0.00 n/a n/a 0.00 0.00 n/a n/a
0.05 0.17 0.35 n/a n/a -0.17 | -0.35 n/a n/a
0.10 0.34 0.70 n/a n/a -0.34 | -0.70 n/a n/a
0.15 0.50 1.03 n/a n/a -0.50 | -1.03 n/a n/a
0.20 0.67 1.39 n/a n/a -0.67 | -1.39 n/a n/a
0.25 0.83 1.73 n/a n/a -0.83 | -1.73 n/a n/a
0.30 0.97 2.05 n/a n/a -0.97 | -2.05 n/a n/a
0.35 1.13 2.39 n/a n/a -1.13 | -2.39 n/a n/a
0.40 1.26 2.71 n/a n/a -1.26 | -2.71 n/a n/a
0.45 1.39 3.01 n/a n/a -1.39 | -3.01 n/a n/a
0.50 1.51 3.32 n/a n/a -1.51 | -3.32 n/a n/a
0.55 1.63 3.63 n/a n/a -1.63 | -3.63 n/a n/a
0.60 1.73 3.93 217 | 294 | -1.73 | -3.93 | -2.17 | -2.94
0.65 1.82 4.21 n/a n/a -1.82 | -4.21 n/a n/a
0.70 1.90 4.49 n/a n/a -1.90 | -4.49 n/a n/a
0.75 1.97 4.74 n/a n/a -1.97 | -4.74 n/a n/a
0.80 2.03 4.99 n/a n/a -2.03 | -4.99 n/a n/a
0.85 2.07 5.21 n/a n/a -2.07 | -5.21 n/a n/a
0.90 2.11 5.41 n/a n/a -2.11 | -5.41 n/a n/a
0.95 2.13 5.59 n/a n/a -2.13 | -5.59 n/a n/a
1.00 2.17 5.72 n/a n/a -2.17 | -5.72 n/a n/a
1.05 2.19 5.84 n/a n/a -2.19 | -5.84 n/a n/a
1.10 2.21 5.95 n/a n/a -2.21 | -5.95 n/a n/a
1.15 223 6.03 n/a n/a -2.23 | -6.03 n/a n/a
1.20 2.25 6.11 n/a n/a -2.25 | -6.11 n/a n/a
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JEDEC Standard No. 209-3

Figure 75 — I-V Curve After ZQ Reset
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8.7.5 ODT Levels and I-V Characteristics
On-Die Termination effective resistance, Rrr, is defined by mode register MR11[1:0]. ODT is applied to the DQ,

DM, and DQS_t/DQS _c pins. A functional representation of the on-die termination is shown in the figure below.
Ryt is defined by the following formula:
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Table 54 — ODT DC Electrical Characteristics, assuming Rz = 240 ohm after proper ZQ calibration

Tour
Ryp (ohm) Vour (V) Min Max
(mA) (ma)
R/l 0.6 217 -2.94
Ryl2 0.6 -4.34 -5.88
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9 Input/Output Capacitance
9.1 Input/Output Capacitance
Table 55 — Input/output capacitance
Min/ .
Parameter Symbol Value Units | Notes
Max
Input capacitance, c Min 0.7 pF 1,2
CK_tand CK c ] Max 1.4 pF | 12
Input capacitance delta, C Min 0 pF 1,2,3
CK_tand CK_c PR T Max 015 pF | 123
Input capacitance, c Min 0.7 pF 1,24
all other input-only pins I Max 13 pF 1.2.4
Input capacitance delta, C Min -0.20 pF 1,2,5
all other input-only pins DI Max 020 pF 125
Input/output capacitance, C Min 1.0 pF 1,2,6,7
DQ, DM, DQS_t, DQS ¢ 0 Max 1.8 oF | 12,67
Input/output capacitance delta, C Min 0 pF 1,2,7.8
DD
DQS_t, DQS_¢ B Max 0.2 pF | 12,78
Input/output capacitance delta, C Min -0.25 pF 1,2,7.9
DI
DQ, DM | Max 0.25 oF | 12,79
Inout/ ) 20 pi c Min 0 pF 1,2
nput/output capacitance n 7
Q| Max 2.0 pF | 12

(Topers Vopo = 1.14-1.3V; Vppea = 1.14-13V; Vpp; = 1.7-1.95V, Pppy = 1.14-1.3V)
NOTE 1 This parameter applies to die device only (does not include package capacitance).
NOTE 2 This parameter is not subject to production test. It is verified by design and characterization. The capaci-
tance is measured according to JEP147 (Procedure for measuring input capacitance using a vector network analyzer
(VNA) with Vpp1, Vpp2, Vppos Vsss Vsscas Vssq applied and all other pins floating.
NOTE 3 Absolute value of Cei - Cek ¢
NOTE 4 C;applies to CS_n, CKE, CA0-CA9, ODT.
NOTES Cp=Ci-05%* (Cox ¢+ Cek o)
NOTE 6 DM loading matches JSQ and f)QS.
NOTE 7 MR3 I/O configuration DS OP3-OP0 = 0001B (34.3 Q typical)
NOTE 8 Absolute value of Cpgg ¢ and Cpgg -

NOTE 9 CDIO = CIO -05* (CDQS_t + CDQS_C) in byte-lane.
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10 Ipp Specification Parameters and Test Conditions

10.1  Ipp Measurement Conditions
The following definitions are used within the I measurement tables unless stated otherwise:

LOW: VIN £ ViL(DC) MAX

HIGH: VIN"2 ViH(DC) MIN
STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See tables 56 and 57.

Table 56 — Definition of Switching for CA Input Signals

Switching for CA
CK_t CK_t CK_t CK_t CK_t CK t CK_t CK_t
(RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/
CK ¢ CK ¢ CK ¢ CK ¢ CK ¢ CK ¢ CK ¢ CK ¢
(FALLING) | (RISING) | (FALLING) | (RISING) | (FALLING) | (RISING) | (FALLING) | (RISING)
Cycle N N+1 N+2 N+3
CS n HIGH HIGH HIGH HIGH
CAO HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAl HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAS HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA6 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA7 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA8 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA9 HIGH HIGH HIGH LOW LOW LOW LOW HIGH

NOTE 1 CS_n must always be driven HIGH.
NOTE 2 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

NOTE 3 The above pattern (N, N+1, N+2, N+3...) is used continuously during /p, measurement for /pp, val-

ues that require SWITCHING on the CA bus.
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Table 57 — Definition of Switching for Ippsr
Clock CKE CS_n Clock Cycle Number Command CA[0:2] CA[3:9] AllDQ
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLH HLHLLHL L
Rising H L N+4 Read_Rising HLH HLHLLHL H
Falling H L N+4 Read_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLH LHLHLHL L
NOTE 1 Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
NOTE 2 The above pattern (N, N+1...) is used continuously during /pp measurement for Ippag.
Table 58 — Definition of Switching for Ippaw
Clock CKE CS_n Clock Cycle Number Command CA[0:2] CA[3:9] AllDQ
Rising H L N Write_Rising HLL LHLHLHL L
Falling H L N Write Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLL HLHLLHL L
Rising H L N+4 Write_Rising HLL HLHLLHL H
Falling H L N+4 Write_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLL LHLHLHL L

NOTE 1 Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
NOTE 2 Data masking (DM) must always be driven LOW.
NOTE 3 The above pattern (N, N+1...) is used continuously during /p measurement for Ippsw-
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10.2 Ipp Specifications

Ipp values are for the entire operating voltage range, and all of them are for the entire standard range, with the

exception of Ippget Which is for the entire extended temperature range.

Table 59 — Ipp Specification Parameters and Operating Conditions

Notes 1, 2, 3 apply for all values.

Data bus inputs are stable
ODT disabled

Parameter/Condition Symbol Power Supply Notes
Operating one bank active-precharge current: Ippoi VbD1
IcK = ICKmin} /RC = IRCmin> I v
CKE is HIGH; DD02 DD2
CS_n is HIGH between valid commands;
CA bus inputs are switching;
Data bus inputs are stable Ippoin Vbpeas Vopo 3
ODT disabled
Idle power-down standby current: Ippop; VbD1
Ick = IcKmins I 7
CKE is LOW; DD2P2 DD2
CS nis HIGH;
All banks are idle;
CA bus iqputs are switching; Ippopiin Vbpcas Vppo 3
Data bus inputs are stable
ODT disabled
Idle power-down standby current with clock stop: Ippopsi VbD1
CK_t=LOW, CK ¢ =HIGH;
CKE is LOW; Ippops2 Vbp2
CS _nis HIGH;
All banks are idle;
CA bus iqputs are stable; IDDZPS,in VDDCA VDDQ 3
Data bus inputs are stable
ODT disabled
Idle non-power-down standby current: Ipponi VbD1
IcK = IcKmin I 7
CKE is HIGH; DD2N2 DD2
CS _nis HIGH;
All banks are idle;
CA bus ir}puts are switching; IDDoN.in VDDCA VDDQ 3
Data bus inputs are stable
ODT disabled
Idle non-power-down standby current with clock stopped: Ippansi VbD1
CK t=LOW; CK c=HIGH;
CKE is HIGH; Ippans2 Vbp2
CS _nis HIGH;
All banks are idle;
CA bus iqputs are stable; IDDZNS,in VbDCA VDDQ 3
Data bus inputs are stable
ODT disabled
Active power-down standby current: Ippspi VbD1
Ick = IcKmind I v
CKE is LOW; DD3P2 DD2
CS _nis HIGH;
One bank is active;
CA bus inputs are switching; Ipp3p.in VbDCAS VDDQ 3
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Table 59 — Ipp Specification Parameters and Operating Conditions (cont’d)

Notes 1, 2, 3 apply for all values.

Page 103

Parameter/Condition

Symbol

Power Supply

Notes

Active power-down standby current with clock stop:
CK =LOW, CK# = HIGH;

CKE is LOW;

CS _nis HIGH;

One bank is active;

CA bus inputs are stable;

Data bus inputs are stable

ODT disabled

Ipp3psi

Vbp1

Ipp3psS2

Vbp2

Ipp3ps,in

Vbpcas Vbpo

Active non-power-down standby current:
IcK = IcKmins

CKE is HIGH;

CS_nis HIGH;

One bank is active;

CA bus inputs are switching;

Data bus inputs are stable

ODT disabled

Ippani

Vb1

Ipp3n2

Vb2

Ipp3aNin

Vbpcas Vbpo

Active non-power-down standby current with clock stopped:

CK =LOW, CK# = HIGH
CKE is HIGH;

CS nis HIGH;

One bank is active;

CA bus inputs are stable;
Data bus inputs are stable
ODT disabled

Ipp3nsi

Vbp1

Ipp3ns2

Vbp2

Ipp3Ns,in

Vbbcas Vppo

Operating burst READ current:

Ick = lcKmins

CS_n is HIGH between valid commands;
One bank is active;

BL =8; RL =RL (MIN);

CA bus inputs are switching;

50% data change each burst transfer
ODT disabled

Ippari

Vbp1

Ippar2

Vbp2

Ippar in

Vbbeca

IpparQ

VbbQ

Operating burst WRITE current:

IcK = IcKmins

CS_n is HIGH between valid commands;
One bank is active;

BL =8; WL = WLmin;

CA bus inputs are switching;

50% data change each burst transfer
ODT disabled

Ippawi

Vbp1

Ippaw?

Vbp2

Ippaw in

Vbpcas Vbpo

All-bank REFRESH burst current:

IcK = IcKmin .

CKE is HIGH between valid commands;
IRC = IRFCabmin>

Burst refresh;

CA bus inputs are switching;

Data bus inputs are stable

ODT disabled

Ippsi

Vbp1

Ipps?

Vbp2

Ippsin

Vbpeas Vbpo
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Table 59 — Ipp Specification Parameters and Operating Conditions (cont’d)

Notes 1, 2, 3 apply for all values.

ODT disabled

Parameter/Condition Symbol Power Supply Notes
All-bank REFRESH average current: IDDSAB] VDDI
IcK = IcKmin . I v
CKE is HIGH between valid commands; DD5SAB2 DD2
IRC = REFD; o
CA bus inputs are switching;
Data bus inputs are stable IpD5AB,in Vbpca- Vppq 4
ODT disabled
Per-bank REFRESH average current: IppspB1 Vbp1
IcK = IcKmin . I v
CKE is HIGH between valid commands; DD5PB2 DD2
fRe = IREFI'S; -
CA bus inputs are switching;
Data bus inputs are stable IpDsPB,in Vbpca- Vppq 4
ODT disabled
Self refresh current (—25°C to +85°C): Ippsi VbD1 6,7,9
CK t=LOW, CK ¢ =HIGH;
CKE is LOW; Ippe2 Vbp2 6,7,9
CA bus inputs are stable;
Data bus inputs are stable
Maximum 1x self refresh rate IppeIN Vbpcas Yppo 4,6,7,9
ODT disabled
Self refresh current (+85°C to +105°C): Ipp6ETI VbD1 7,8,9
CK t=LOW, CK ¢ =HIGH;
CKE is LOW; IppeET2 Vbp2 7,8,9
CA bus inputs are stable;
Data bgs inputs are stable IDD6ET,in VbDCA VDDQ 4,7,8,9
ODT disabled
Deep power-down current: Ippsi VbD1
CK t=LOW, CK_c =HIGH;
CKE is LOW; Ipps2 Vbp2
CA bus inputs are stable;
Data bus inputs are stable IpDSIN VDDCA VDDQ 4

NOTE 1 Published Ipp values are the maximum of the distribution of the arithmetic mean.

NOTE 2 ODT disabled: MR11[2:0] = 000B.
NOTE 3 Ipp current specifications are tested after the device is properly initialized.

NOTE 4 Measured currents are the summation of V'ppg and Vppca-
NOTE 5 Guaranteed by design with output load = 5 pF and Ry = 40 ohm.
NOTE 6 The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before

going into the elevated temperature range.

NOTE 7 This is the general definition that applies to full-array SELF REFRESH.

NOTE 8 Ippggr is a typical value, is sampled only, and is not tested.

NOTE 9 Supplier datasheets may contain additional Self-Refresh I values for temperature subranges within the

standard or elevated temperature ranges.

NOTE 10 For all IDD measurements, VIHCKE =0.8x VDDCA’ VILCKE =0.2x VDDCA'
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Table 60 — Ippg Partial Array Self-Refresh Current

Parameter Value Unit

Full Array - pA

Ippg Partial Array 172 Array - HA
Self-Refresh Current 1/4 Array R HA
1/8 Array - LA

NOTE 1 Ippg currents are measured using bank-masking only.

NOTE 2 Ipp values published are the maximum of the distribution of the arithmetic mean.
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1" Electrical Characteristics and AC Timing

1.1 Clock Specification

TH 03 PasuaaT] TeTdaiew pajysTJhdog

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may
result in malfunction of the LPDDR3 device.

11.1.1 Definition for fck(avg) and nCK
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tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock
period is calculated from rising edge to rising edge.
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N
tCK(avg) = Z tCKj /N
=1

where N = 200

WO3°YIBISTINIIR, /1 5A3Y

Unit “tcavg)” represents the actual clock average tey gy Of the input clock under operation. Unit ‘nCK” represents

one clock cycle of the input clock, counting the actual clock edges.
tCK (avg) May change by up to +/-1% within a 100 clock cycle window, provided that all jitter and timing specs are
met.

11.1.2  Definition for tck abs)

toK (abs) 18 defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.
toK (abs) 18 Ot subject to production test.

11.1.3 Definition for tCH(avg) and tCL(an)

tCH(avg) 18 defined as the average high pulse width, as calculated across any consecutive 200 high pulses.
N
tCH(avg) = Z tCHj /(N xtCK(avg))

=1
where N = 200

fcL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.
N

tCL(avg) = Z tCL;|/(N x tCK(avg))

=1
where N = 200

11.1.4 Definition for t;(per)

I1T(per) 1 the single period jitter defined as the largest deviation of any signal /cg from fcg (ayg)-

iT(per) = Min/max of {fcy; - fcg(avg) where i =1 to 200}.
1T (per),act 18 the actual clock jitter for a given system.
IT(per),allowed 18 the specified allowed clock period jitter.
I T(per) 1S DOt subject to production test.
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11.1.5 Definition for &) 7(cc)

f317(cc) 18 defined as the absolute difference in clock period between two consecutive clock cycles.

1T(ce) = Max of [{fcki +1 - fekibl-
f111(cc) defines the cycle to cycle jitter.
I11T(cc) 18 DOt subject to production test.

11.1.6 Definition for terr(nper)
TERR (nper) 18 defined as the cumulative error across n multiple consecutive cycles from /ck ayg)-

TERR (npen),act 18 the actual clock jitter over n cycles for a given system.
TERR (npen),allowed 18 the specified allowed clock period jitter over n cycles.
TERR (nper) 18 1Ot subject to production test.

itn—1

tERR(nper) = Z tCKj —n xtCK(avg)

=i
TERR (nper),min €an be calculated by the formula shown below:

tERR(nper), min = (1 +0.68LN(n)) x tJIT(per), min
TERR (nper),max ¢an be calculated by the formula shown below:

tERR(nper), max = (1 +0.68LN(n)) x tJIT(per), max

Using these equations, fzrR nper) tables can be generated for each #yyr(per ¢t Value.

11.1.7 Definition for duty cycle jitter ;1 quty)

11 T(duty) 18 defined with absolute and average specification of /¢y / fcr.

y), min = MIN((tCH(abs), min —tCH(avg), min), (tCL(abs), min—tCL(avg), min)) x tCK

7)), max

MAX((tCH(abs), max —tCH(avg), max), (tCL(abs), max —tCL(avg), max)) x tC

11.1.8 Definition for tCK(abs)! tCH(abs) and tCL(abs)

These parameters are specified per their average values, however it is understood that the following relationship
between the average timing and the absolute instantaneous timing holds at all times.

Table 61 — Definition for tCK(abs), tCH(abs), and tCL(abs)

Parameter Symbol Min Unit
Absolute Clock Period ICK (abs) ICK (avg),min T HIT(per),min ps
Absolute Clock HIGH Pulse Width ICH(abs) ICH(avg),min T 1T (duty),min / ICK (avg)min ICK (avg)
Absolute Clock LOW Pulse Width IC1(abs) ICL(avg),min T HIT(duty),min / ICK (avg)min ICK (avg)

NOTE |  fcKk(avg),min 1S €xpressed is ps for this table.

NOTE 2 #j11(duty),min 18 @ negative value.
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11.2  Period Clock Jitter
LPDDR3 devices can tolerate some clock period jitter without core timing parameter de-rating. This section

describes device timing requirements in the presence of clock period jitter (71 (per)) in excess of the values found in
Table 63 on page 112 and how to determine cycle time de-rating and clock cycle de-rating.

11.2.1 Clock period jitter effects on core timing parameters (trcp trp tRTP tWr' tWRA: tWTR: (RG>
trAs [RRDs fFAW )

Core timing parameters extend across multiple clock cycles. Period clock jitter will impact these parameters when
measured in numbers of clock cycles. When the device is operated with clock jitter within the specification limits, the
LPDDR3 device is characterized and verified to support #,param = RU{fparaM / fcx(avg)}.

When the device is operated with clock jitter outside specification limits, the number of clocks or #-k(avg) may need
to be increased based on the values for each core timing parameter.

11.2.1.1 Cycle time de-rating for core timing parameters

For a given number of clocks (#,pAr am)» for each core timing parameter, average clock period (fck (avg)) and actual
cumulative period error (fgrr(faparAM)-act) in excess of the allowed cumulative period error
(terr(tapaArRAM)-2llowed), the equation below calculates the amount of cycle time de-rating (in ns) required if the
equation results in a positive value for a core timing parameter.

+ -
CycleTimeDerating = MAX{(tPARAM tERR(mPARAZ[)};Z;;A;ERR(MPARAM’ allowedftCK(avg)), 0}

A cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle time
derating required is the maximum of the cycle time de-ratings determined for each individual core timing parameter.

11.2.1.2 Clock Cycle de-rating for core timing parameters

For a given number of clocks (¢,par anp) for each core timing parameter, clock cycle de-rating should be specified
with amount of period jitter (fjrr(per))-

For a given number of clocks (#,pAr am)- for each core timing parameter, average clock period (fck (ayg)) and actual
cumulative period error (fgrr(fpaARAM),act) 1N €Xcess of the allowed cumulative period error (fErRr(fnpARAM),allowed)s

the equation below calculates the clock cycle derating (in clocks) required if the equation results in a positive value
for a core timing parameter.

tPARAM + tERR(tnPARAM), act —tERR(tnPARAM), allowed
tCK(avg)

ClockCycleDerating = RU{ }—tnPARAM

A clock cycle de-rating analysis should be conducted for each core timing parameter.
11.2.2 Clock jitter effects on Command/Address timing parameters (fisca, tiica, tiscss tiHcs:liSCKE>
tiicke: tisbs tiHbs tisCKED: iHCKED)

These parameters are measured from a command/address signal (CKE, CS, CAO - CA9) transition edge to its
respective clock signal (CK_t/CK _c) crossing. The spec values are not affected by the amount of clock jitter applied
(i.e. fj17(per) as the setup and hold are relative to the clock signal crossing that latches the command/address.

Regardless of clock jitter values, these values shall be met.

112

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

€sTJn2ay Rg paIngrdIsTa

$,8a5Ua07T J0

WO3°YIBISTINIIR, /1 5A3Y

TH 03 PasuaaT] TeTdaiew pajysTJhdog

o
@
=
m
@
=
od
o
=1
r
r
w
-
[y

*RTUO asn



JEDEC Standard No. 209-3
Page 109

11.2.3 Clock jitter effects on Read timing parameters

11.2.3.1 trpre

When the device is operated with input clock jitter, fgprg needs to be de-rated by the actual period jitter
(71T (per),act,max) Of the input clock in excess of the allowed period jitter (f517(per) allowed,max)- Output de-ratings are
relative to the input clock.

{RPRE(min, derated) = 0.9 — (tJIT(per), act,max — tJIT(per),allowed,max)

tCK(avg)

For example,
if the measured jitter into a LPDDR3-1600 device has fc ave) = 1250 PS, 511 (per),act,min = ~92 PS and f311(per), act,max =
+ 134 ps, then

tRPRE,min,derated =09- (tJIT(per),act,max - tJIT(per),allowed,max)/tCK(avg) =0.9 - (134 - 100)/1250= .8728 tCK(an)

11.2.3.2 4 7(pq), tHz(pa) basck: tLz(pas) tHzpas)

These parameters are measured from a specific clock edge to a data signal (DMn, DQm.: n=0,1,2,3. m=0-31)
transition and will be met with respect to that clock edge. Therefore, they are not affected by the amount of clock

Jitter applied (i.e. ty(per)-
11.2.3.3 tqshs tasL

These parameters are affected by duty cycle jitter which is represented by /cpjabsymin a0d fc (abs)min- These
parameters determine absolute Data-Valid Window (DVW) at the LPDDR3 device pin.

Absolute min DVW @ LPDDR3 device pin =

min{ ( /QH(abs)min — IDQSQmax) » ( [QSL(abs)min — DQSQmax ) }

This minimum DVW shall be met at the target frequency regardless of clock jitter.

11.2.3.4 trpst

frpsr 18 affected by duty cycle jitter which is represented by ¢y (aps). Therefore frpgr(abs)min can be specified by
ICL(abs)min-

IRPST(abs)min — {CL(abs)min — 0-05 = 1QSL (abs)min
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11.2.4 Clock jitter effects on Write timing parameters
11.2.4.1 tpg, tpy

These parameters are measured from a data signal (DMn, DQm.: n=0,1,2,3. m=0 —31) transition edge to its respective
data strobe signal (DQSn_t, DQSn_c : n=0,1,2,3) crossing. The spec values are not affected by the amount of clock
Jitter applied (i.e. f5(per), as the setup and hold are relative to the clock signal crossing that latches the

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

11.2.4.2 tDSS! tDSH

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective clock signal
(CK_t/CK_c) crossing. The spec values are not affected by the amount of clock jitter applied (i.e. fyrr(per), as the setup
and hold are relative to the clock signal crossing that latches the command/address. Regardless of clock jitter values,
these values shall be met.

11.2.4.3 tpqss

This parameter is measured from a data strobe signal (DQSx_t, DQSx_c) crossing to the subsequent clock signal
(CK_t/CK c) crossing. When the device is operated with input clock jitter, this parameter needs to be de-rated by the
actual period Jitter fyr(per),act Of the input clock in excess of the allowed period jitter #y1(per) allowed-

tJIT(per), act,min —tJIT(per),allowed,min

tDQSS(min, derated) = 0.75 - tCK(avg)

_ WIT(per), act,max — tJIT(per),allowed,max
tCK(avg)

tDQSS(max, derated) = 1.25

For example,

if the measured jitter into a LPDDR3-1600 device has ¢ aygy= 1250 s, f17(per),act,min= ~93 Ps and fyr(per),
+ 134 ps, then

act,max

IDQSS, (min,derated) ~ 0.75 - (tJIT(per),act,min - tJlT(per),allowed,min)/tCK(avg) =0.75 - (-93 +100)/1250 = 0.7444 ICK(avg)
and

IDQSS,(max,derated) 1.25 - (tJIT(per),act,max - tJIT(per),allowed,max)/tCK(avg) =1.25-(134 - 100)/1250 = 1.2228 ICK(avg)
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11.3 LPDDRS3 Refresh Requirements by Device Density
Table 62 — LPDDR3 Refresh Requirement Parameters (per density)
Parameter Symbol | 4Gb | 8Gb | 16 Gb | 32 Gb | Unit
Number of Banks 8 TBD -
Refresh Window
Tcase < 85°C tREFW 32 TBD | ms
Refresh Window
1/2-Rate Refresh tREFW 16 TBD | ms
Refresh Window
1/4-Rate Refresh tREFW 8 TBD | ms
Required number of
REFRESH commands (min) R 8,192 TBD B
average time REFab | t 3.9 TBD | us
between REFRESH ® | RER
commands
(for reference only) | REFpb | trgpppp | 0-4875 | 0.4875 |1 0.4875 | TBD | us
Tcase < 85°C
Refresh Cycle time tRFCab 130 210 TBD TBD ns
Per Bank Refresh Cycle time tRECpb 60 90 TBD TBD ns
Burst Refresh Window
=4 X 8 X trpcap tREFBW 4.16 6.72 TBD TBD us
11.4 LPDDR3 Read and Write Latencies
Parameter Value Unit
Max. Clock Frequency 166 400 533 600 667 733 800 MHz
Max. Data Rate 333 800 1066 1200 1333 1466 1600 MT/s
Average Clock Period 6 2.5 1.875 1.67 1.5 1.36 1.25 ns
Read Latency 3! 6 8 9 10 11 12 | teg(avg)
Write Latency (Set A) 1! 3 4 5 6 6 6 tex(ave)
Write Latency (Set B)? 1! 3 4 5 8 9 9 teg(avg)

NOTE 1 RL=3/WL~=lsetting is an optional feature. Refer to MRO OP<7>.
NOTE 2 Write Latency (Set B) support is an optional feature. Refer to MR0O OP<6>.
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1.5 AC Timing

Table 63 — AC Timing
Notes 1-3 apply to all parameters. Notes begin below table on page 117.

Min/ Data Rate )
Parameter Symbol Unit
b 1333 1600
Maximum clock frequency - 667 800 MHz
e meiod MIN 1.5 1.25 ns
Average clock perio t
K Tmax 100
| dth MIN 0.45
Average HIGH pulse widt tcH, tex,
@ IMax 0.55 Kl
| dth MIN 0.45
Average LOW pulse widt ter tck
CL@e IMAX 0.55 kg
Absolute clock period fck@bsy | MIN | 'CK(avg) MIN + "JIT(per) MIN | ns
bsolute clock Ise width M 043
Absolute clock HIGH pulse widt tcH, tek,
CH(abs) MAX 057 CK(avg)
bsolute clock Ise width M 043
Absolute clock LOW pulse widt ICL(abs tek
CL(abs) MAX 057 CK(avg)
; MIN 80 270
Clock period jitter (with supported jitter) S (per), ps
allowed MAX 80 70
Maximum Clock Jitter between two consecutive UiT(ee),
clock cycles (with allowed jitter) allowed MAX 160 140 ps
min((tCH(abs),min - tCH(avg),min)f
MIN (tCL(abs),min ; tCL(avg),min)) x
Ik
Duty cycle jitter (with supported jitter) Lt (auty), (@vg) ps
allowed max((tCH(abs),max - tCH(avg),ma)J’
MAX (tCL(abs),max - tCL(avg),max)) x
tCK(avg)
P MIN -118 -103
Cumulative errors across 2 cycles ERR(2per), ps
allowed MAX 118 103
P MIN -140 -122
Cumulative errors across 3 cycles ERR(3per), ps
allowed MAX 140 122
P MIN -155 -136
Cumulative errors across 4 cycles ERR(4per), ps
allowed MAX 155 136
; MIN -168 147
Cumulative errors across 5 cycles ERR(Sper), ps
allowed MAX 168 147
P MIN -177 -155
Cumulative errors across 6 cycles ERR(6per), ps
allowed MAX 177 155
P MIN -186 -163
Cumulative errors across 7 cycles ERR(7per), ps
allowed MAX 186 163
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Table 63 — AC Timing (cont’d)
Notes 1-3 apply to all parameters. Notes begin below table on page 117.
Min/ Data Rate
Parameter Symbol Unit
S 1333 1600
P MIN -193 -169
Cumulative errors across 8 cycles ERR(8per), ps
allowed MAX 193 169
) P MIN -200 -175
Cumulative errors across 9 cycles ERR(9per), ps
allowed | MAX 200 175
P MIN -205 -180
Cumulative errors across 10 cycles ERR(10per), ps
allowed MAX 205 180
P MIN -210 -184
Cumulative errors across 11 cycles ERR(11per), ps
allowed MAX 210 184
; MIN 215 -188
Cumulative errors across 12 cycles ERR(12per), ps
allowed MAX 215 188
MIN tERR nger),allowed MIN ~ (1 +
Cumulative errors across n =13, 14, 15..., 19,20 | tgrprmper), 0.68In(1)) X 17(per), allowed MIN ps
cycles allowed MAX LERR (nper), allowed MAX — 1+

ZQ Calibration Parameters

0.68In(n)) x tJIT(per), allowed MAX

Initialization calibration time tzomir | MIN 1 us
Long calibration time i7QcL MIN 360 ns
Short calibration time 17Qcs MIN 90 ns
Calibration RESET time tzQreser | MIN max(50ns,3nCK) ns
READ Parameters*
) MIN 2500
DQS output access time from CK_t/CK_c DQSCK MAX 5500 ps
DQSCK delta short’ fposckps | MAX 265 220 ps
DQSCK delta medium® fposckpm | MAX 593 511 ps
DQSCK delta long’ fposckpL | MAX 733 614 ps
DQS-DQ skew DQSQ MAX 165 135 ps
DQS output HIGH pulse width 1QSH MIN ICH(abs) - 0-05 [CK(avg)
DQS output HIGH pulse width 1QsL MIN tcL(abs) - 0-05 [CK(avg)
DQ/DQS output hold time from DQS 1QH MIN min(/gsy, fQst) ps
READ preamble® ! 'RPRE MIN 0.9 [CK(avg)
READ postamble® 12 IRPST MIN 0.3 [CK(avg)
DQS Low-Z from clock® fLzpes) | MIN IpQsck (MIN) - 300 ps
DQ Low-Z from clock® fizipQ) | MIN IDQSCK,MIN) - 300 ps
DQS High-Z from clock® tznos) |MAX tDQSCK.(MAX) - 100 ps
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Table 63 — AC Timing (cont’d)
Notes 1-3 apply to all parameters. Notes begin below table on page 117.

Min/ Data Rate
Parameter Symbol Unit
i 1333 1600
DQ High-Z from clock® thzoq) |MAX tDQSfCDIB(SI\gi)I\?A;)()I A ps
WRITE Parameters*
DQ and DM input hold time (Vigg based) 'DH MIN 175 150 ps
DQ and DM input setup time (Vggg based) DS MIN 175 150 ps
DQ and DM input pulse width DIPW MIN 0.35 [CK(avg)
' ' N MIN 0.75
Write command to 1st DQS latching transition DQss MAX 25 ICK(avg)
DQS input high-level width IDQSH MIN 0.4 [CK(avg)
DQS input low-level width DQSL MIN 0.4 [CK(avg)
DQS falling edge to CK setup time Dss MIN 0.2 [CK(avg)
DQS falling edge hold time from CK DSH MIN 0.2 [CK(avg)
Write postamble fWPST MIN 04 [CK(avg)
Write preamble 'WPRE MIN 0.8 [CK(avg)
CKE Input Parameters
gtﬁsli rvréir(liltrlil)um pulse width (HIGH and LOW fexE MIN max(7.5ns,3nCK) ns
CKE input setup time tISCKEB MIN 0.25 ICK(avg)
CKE input hold time HHCKE MIN 0.25 ICK(avg)
Command path disable delay !CPDED MIN 2 ICK(avg)
Command Address Input Parameters* _

Address and control input setup time fisca® | MIN 175 150 ps
Address and control input hold time fimea | MIN 175 150 ps
CS_n input setup time fiscs” | MIN 290 270 ps
CS_n input hold time fimes” | MIN 290 270 ps
Address and control input pulse width tpwca | MIN 0.35 [CK (avg)
CS_n input pulse width tpwes | MIN 0.7

Boot Parameters (10 MHz-55 MHz)!6 1718

' MAX 100
Clock cycle time IcKb MIN 3 ns
CKE input setup time hsckey | MIN 2.5 ns
CKE input hold time frackey | MIN 2.5 ns
Address and control input setup time 1sh MIN 1150 ps
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Table 63 — AC Timing (cont’d)
Notes 1-3 apply to all parameters. Notes begin below table on page 117.
Min/ Data Rate
Parameter Symbol Unit
Rl 1333 1600
Address and control input hold time HHb MIN 1150 ps
MIN 2.0
DQS output data access time from CK_t/CK ¢ 4 ns
- PASERD ™ IMaX 100
Data strobe edge to output data edge Iposgp  |MAX 1.2 ns
MODE REGISTER WRITE command period IMRW MIN 10 ICK(avg)
MODE REGISTER READ command period 'MRR MIN 4 ICK(avg)
READ latency RL MIN 10 12 [CK(avg)
WRITE latency WL MIN 6 6 ICK(avg)
_ IRAS T IRpab
ACTIVATE-to- ACTIVATE command period e | MmN | (withall-bank precharge) ns
_ IRAS T IRPpb
(with per-bank precharge)
CKE minimum pulse width during SELF
REFRESH (low pulse width during SELF fckesr | MIN max(15ns,3nCK) ns
REFRESH)
(8151];}1,: REFRESH exit to next valid command xSk MIN max(fgpcqp + 1008,27CK) s
Exit power- down to next valid command delay txp MIN max(7.5ns,3nCK) ns
CAS-to-CAS delay tCCD MIN 4 tCK(an)
Internal READ to PRECHARGE command delay IRTP MIN max(7.5ns,4nCK) ns
IRCD (fast) max(15ns,3nCK)
RAS-to-CAS delay IRCD (typ) | MIN max(18ns,3nCK) ns
IRCD (slow) max(24ns,3nCK)
IRPpb (fast) max(15ns,3nCK)
Row precharge time
(single bank) IRPpb (typ) | MIN max(18ns,3nCK) ns
IRPpb (slow) max(24ns,3nCK)
IRPpab (fast) max(18ns,3nCK)
Row precharge time
(all banks) IRPpab (typ) | MIN max(21ns,3nCK) ns
IRPpab (slow) max(27ns,3nCK)
MIN max(42ns,3nCK) ns
Row active time RAS
MAX 70 us
WRITE recovery time WR MIN max(15ns,4nCK) ns
Internal WRITE-to- READ
command delay 'WTR MIN max(7.5ns,4nCK) ns
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Table 63 — AC Timing (cont’d)
Notes 1-3 apply to all parameters. Notes begin below table on page 117.

Min/ Data Rate
Parameter Symbol Unit
Rl 1333 1600
Active bank A to active bank B 'RRD MIN max(10ns,2nCK) ns
Four-bank ACTIVATE window fTFAW MIN max(50ns,8nCK) ns
Minimum deep power- down time 'DPD MIN 500 us
ODT Parameters
MIN 1.75
Asynchronous Ryt turn-on dely from ODT input t ns
TT ODTon MAX 35
MIN 1.75
Asynchronous Ryt turn-off delay from ODT input| ¢ ns
TT ODToff [ r 35
Automatic Ryt turn-on delay after READ data 'AODTon |MAX 'posck * 14 X IpgsQumax ¥ ps
tCK(avg,min)
Automatic Ryt turn-off delay after READ data 'AODToff | MIN !DQSCK,min ~ 300 ps
Ryt disable delay from power down, self-refresh,
and deep power down entry fopra | MIN 12 ns
Rt enable delay from power down and self
refresh exit lopre |MAX 12 ns
CA Training Parameters
First CA calibration command after CA calibra- fcamMrp | MIN 20
. . tCK(avg)
tion mode is programmed
First CA calibration command after CKE is LOW | ¢capnT | MIN 10 tCK(avg)
CA caibration exit command after CKE is HIGH tcaext | MIN 10 K (avg)
CKE LOW after CA calibration mode is pro- tcackeL | MIN 10
t
grammed CK(avg)
CKE HIGH after the last CA calibration results fcacken | MIN 10
¢
are driven. CK(avg)
Data out delay after CA training calibration com- fADR MAX 20 ns
mand is programmed
MRW CA exit command to DQ tri-state IMRZ MIN 3 ns
CA calibration command to CA calibration com- {CACD MIN RU(#Apr*2 * tck)
t
mand delay CKavg)
Write Leveling Parameters
DQS _t/DQS_c delay after write leveling mode is MIN 25
programmed IWLDQSEN ns
MAX -
First DQS_t/DQS_c edge after write leveling MIN 40
mode is programmed fWLMRD ns
MAX -
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Table 63 — AC Timing (cont’d)
Notes 1-3 apply to all parameters. Notes begin below table on page 117.
Min/ Data Rate
Parameter Symbol Unit
S 1333 1600
MIN 0
Write leveling output delay t ns
VI 20
MIN max(t , 15ns)
Mode register set command delay 'MRD MRW ns
MAX --
Temperature Derating18
DQS output access time from CK_t/CK ¢
(derated) tDQSCK MAX 5620 ps
RAS-to-CAS delay (derated) RCD MIN trep +1.875 ns
ACTIVATE-to- ACTIVATE command period
(derated) tRC MIN tRC +1.875 ns
Row active time (derated) IRAS MIN tras T 1.875 ns
Row precharge time (derated) Rp MIN trp + 1.875 ns
Active bank A to active bank B (derated) RRD MIN trrp + 1.875 ns

NOTE 1 Frequency values are for reference only. Clock cycle time (#c) is used to determine device capabilities.

NOTE 2 All AC timings assume an input slew rate of 1 V/ns.
NOTE 3 Measured with 4 V/ns differential CK_t/CK_c slew rate and nominbal Vx.

NOTE 4 READ, WRITE, and input setup and hold values are referenced to Vygp.

NOTE 5 fpgsckps is the absolute value of the difference between any two ipgsck measurements (in a byte lane)
within a contiguous sequence of bursts in a 160ns rolling window. fpgsckps 18 not tested and is guaranteed by

design. Temperature drift in the system is < 10 °C/s. Values do not include clock jitter.
NOTE 6 pgsckpwm is the absolute value of the difference between any two fpggck measurements (in a byte lane)

within a 1.6ps rolling window. /pgsckpwm 18 not tested and is guaranteed by design. Temperature drift in the system is
< 10 °C/s. Values do not include clock jitter.

NOTE 7 tpgsckpr is the absolute value of the difference between any two /pggck measurements (in a byte lane)
within a 32ms rolling window. /pgsckpr is not tested and is guaranteed by design. Temperature drift in the system is
<10 °C/s. Values do not include clock jitter.

NOTE 8 For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal
crosses the transition threshold (V). gz and # y transitions occur in the same access time (with respect to clock) as
valid data transitions. These parameters are not referenced to a specific voltage level but to the time when the device
output is no longer driving (for frpsT, f117(DQs) and tyz(pQ)): Or begins driving (for trprE. tr 7(DQs), tLz(DQ))- Figure 9
shows a method to calculate the point when device is no longer driving #y7pgs) and fyzpq), or begins driving
1.7(DQS)> L.z(DQ) by measuring the signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent.
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NOTE 9 Output Transition Timing

Vou
X 1 Vo, - X mV
Vi + 2xY mV 2x X OH m
Vay - 2X X mV
Vo +Y mv t12(dQs), tLZ(dQ) on
tual w.
Vi tHz(DQs), tHZ(DQ) Vo
% Y
Vir-Ymv 2xY Vo, +2X X mV
oL
Vip-2xY mV Vg, + X mV
— Vv
TIT2 oL 172
Start driving point=2b T1-T2 End driving point=2D T1-T2

NOTE 10 The parameters /1 7(pqs), fLz(DQ) Hz(DQs)> a1d Hz(pQ) are defined as single-ended. The timing parame-
ters fpprg and fgpgt are determined from the differential signal DQS/DQS#.

NOTE 11 Measured from the point when DQS_t/DQS_c begins driving the signal to the point when DQS t/DQS ¢
begins driving the first rising strobe edge.

NOTE 12 Measured from the last falling strobe edge of DQS_t/DQS _c to the point when DQS_t/DQS _c finishes
driving the signal.

NOTE 13 CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK_t/CK_c cross-
ing.

NOTE 14 CKE input hold time is measured from CK t/CK _c crossing to CKE reaching a HIGH/LOW voltage
level.

NOTE 15 Input set-up/hold time for signal (CA[9:0], CS_n).

NOTE 16 To ensure device operation before the device is configured, a number of AC boot-timing parameters are
defined in this table. Boot parameter symbols have the letter b appended (for example, 7k during boot is #cxp).
NOTE 17 The LPDDR3 device will set some mode register default values upon receiving a RESET (MRW) com-
mand as specified in “Mode Register Definition”.

NOTE 18 The output skew parameters are measured with default output impedance settings using the reference
load.

NOTE 19 The minimum #cg column applies only when #c is greater than 6ns.
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1.6 CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total g (setup time) and ¢y (hold time) required is calculated by adding the
data sheet #g(base) and #jy(base) value (see Table 64) to the Azjg and Aty derating value (see Table 66) respectively.
Example: g (total setup time) = f1g(base) + Afg.

Setup (f15) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrgp(qc) and
the first crossing of Vyp,c)min. Setup (#1g) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vrgp(qdc) and the first crossing of Vil(ac)max. If the actual signal is always earlier than the nominal
slew rate line between shaded ‘Vrgp(qgc) to ac region’, use nominal slew rate for derating value (see Figure Figure 77).
If the actual signal is later than the nominal slew rate line anywhere between shaded ‘Vrgp(qc) to ac region’, the slew
rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see Figure 79).

Hold (#731) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Viy (4¢ymax and
the first crossing of Vrgp(dc)- Hold (#1) nominal slew rate for a falling signal is defined as the slew rate between the
last crossing of Vipy(gcymin and the first crossing of Vrgp(gc)- If the actual signal is always later than the nominal slew
rate line between shaded ‘dc to Vrpp(gc) region’, use nominal slew rate for derating value (see Figure 78). If the actual
signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrgp(qc) region’, the slew rate of a
tangent line to the actual signal from the dc level to Vrgpqc) level is used for derating value (see Figure 80).

For a valid transition the input signal has to remain above/below Viyp (o) for some time fys ¢ (see Table 67).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
VIH/IL(ac) 2t the time of the rising clock transition) a valid input signal is still required to complete the transition and

reach VIH/IL(ac)'

For slew rates in between the values listed in Table 66, the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.

Table 64 — CA Setup and Hold Base-Values

. Data Rate
unit [ps] EeE 0 reference
HISCA(base) 100 75 VIH/L(ac) = VREF(de) T/-150mV
THCA (base) 125 100 ViH/L(de) = VREF(de) H/-100mV

NOTE 1 ac/dc referenced for 2V/ns CA slew rate and 4V/ns differential CK_t/CK_c slew rate.

Table 65 — CS_n Setup and Hold Base-Values

Data Rate
unit [ps] 5 G reference

11SCS(base) 215 195 VIH/L(ac) = VREF(de) T/-150mV

NHCS(base) | 240 | 220 VIH/L(dc) = VREF(dc) H/-100mV

NOTE 1 AC/DC referenced for 2V/ns CS_n slew rate and 4V/ns differential CK_t/CK_c slew rate.
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11.6 CA and CS_n Setup, Hold and Derating (cont’d)

Table 66 — Derating values tIS/tIH - ac/dc based AC150

AtISCA’ AtIHCA’ AtISCS’ AtIHCS derating in [PS] AC/DC based
AC150 Threshold -> Vigao=VrEF(@eH130mY, Vir o=V rEF@e-150mV
DC100 Threshold -> VIH(dc)=VREF(dc)+100mV’ VIL(dc)=VREF(dc)'100mV

CK_t, CK_c Differential Slew Rate
8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ins 4.0 V/ns 3.0 V/ins
AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH

cA 4.0 | 38 25 38 25 38 25 38 25 38 25 = =
CS_;I 30 = = 25 17 25 17 25 17 25 17 38 29
Slew
rate | 2.0 = = = = 0 0 0 0 0 0 13 13
V/ns
1.5 = = = = = = 25 | <17 | 25 | -17 | -12 -4

NOTE 1 Cell contents shaded in red are defined as ‘not supported’.

Table 67 — Required time tysc above Vjy(ac) {below V) (5¢)} for valid transition for CA

Slew Rate [V/ns] tyac [ps] @ 150mV tyac [ps] @ 150mV
1333Mbps 1600Mbps
min max min max
>4.0 58 - 48 -
4.0 58 - 48 -
3.5 56 - 46 -
3.0 53 - 43 -
2.5 50 - 40 -
2.0 45 - 35 -
1.5 37 - 27 -
<1.5 37 - 27 -
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11.6CA and CS_n Setup, Hold and Derating (cont’d)

CK c

Vssca

Setup Slew Rate _ VREF(dc) = ViL(ac)Max

Falling Signal

JEDEC Standard No. 209-3
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,I

nominal

/ slew rate

ATF

ATF
Figure 77 — lllustration of nominal slew rate and #,5¢ for setup time g

for CA and CS_n with respect to clock.
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ATR

Rising Signal

nominal
slew rate

Setup Slew Rate _ ViH(@ac)Min - VREF(dc)

ATR
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11.6 CA and CS_n Setup, Hold and Derating (cont’d)

nominal
slew rate

nominal
slew rate ~——] dc to Vgeg
region
[¢]
VsscA - — — — — — — — — — — e — 1 — -
—> — —> —

ATR ATF

Hold Slew Rate _ VREF(do) - ViL(o)MaX  Hold Slew Rate _ ViH(de)Min - VReF(dc)

€sTJn2ay RQ PaINOTJISTa  pa3iTwdad ST BUTHJOMIBU JO UOT3aNpoJdad Jayidny on
$,8a5U807T JO} 90-T17-5202 U0 BJag Japuexaly 03 pasuaal] TeTdaiew pajyirJRdog

*RTUO asn

WO3°YIBISTINIIR, /1 5A3Y

Rising Signal ~ ATR Falling Signal ~ ATF

Figure 78 — lllustration of nominal slew rate for hold time f
for CA and CS_n with respect to clock
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CA and CS_n Setup, Hold and Derating (cont’d)
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CKc ====-=1 - -
\
\
CK t L P R —
[y f
IS IH
Vooca T T T T T T T T T T T T -
nominal
line
V| mn - - — — — | — — — — — L L g N -
lH(aC) VREF to ac
region
VIHggymin - - — — — | — — == — Ll = = = =g — —
tangent
line
VREFde) R - - > —|-————— -\ -
| tangent
line
Vikggmax - W\ |-~ [~~~ -
VIL(ac) max _ /|- - N - - - 4 _ _ |- |- - - - - _ _ _ _
nominal
line
tVAC ATR
Vssca e e
Setup Slew Rate_ tangent line[V)yacymin - VRer(dc)l
Rising Signal ATR
—> «—

ATF

Setup Slew Rate _
Falling Signal =~

tangent line[VRer(dc) - ViL(ac)max]
ATF

Figure 79 — lllustration of tangent line for setup time fig
for CA and CS_n with respect to clock
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11.6 CA and CS_n Setup, Hold and Derating (cont’d)

CK ¢

CK_t

Vbbca

VIH(ac) mn - ——— —(—— — - = = T

ViHdgmin - — — — — = — — — = — i
dCt? VhEF
region tangent

ATR ATF

Hold Slew Rate_ tangentline [ Vreg(gc) - Vi (dcymax ]
Rising Signal ~ ATR

Hold Slew Rate _ tangentline [ Viygcymin - Vrep(qc) |

Falling Signal ~ ATF
Figure 80 — lllustration of tangent line for for hold time t
for CA and CS_n with respect to clock
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11.7 Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM) the total 7pg (setup time) and ¢y (hold time) required is calculated by adding the data
sheet fpg(base) and tpy(base) value (see Table 68) to the Afpg and Aty (see Table 66) derating value respectively.
Example: fpg (total setup time) = tpg(base) + Arpg.

Setup (/pg) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrgp(qc) and
the first crossing of Vigyymin. Setup (fpg) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vrgp(dc) and the first crossing of Vyp (o¢max (see Figure 81). If the actual signal is always earlier
than the nominal slew rate line between shaded ‘Vrgp(qc) to ac region’, use nominal slew rate for derating value. If
the actual signal is later than the nominal slew rate line anywhere between shaded ‘Vrgp(qc) to ac region’, the slew
rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see Figure 83).

Hold (#py;) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vyp (yymax and
the first crossing of Vrgr(qc)- Hold (fpy) nominal slew rate for a falling signal is defined as the slew rate between the
last crossing of Vypgeymin and the first crossing of Vigp(qc) (see Figure 82). If the actual signal is always later than
the nominal slew rate line between shaded “dc level to Vrgp(qc) region’, use nominal slew rate for derating value. If
the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrgp(gc) region’, the slew
rate of a tangent line to the actual signal from the dc level to Vrgpgc) level is used for derating value (see Figure 84).

For a valid transition the input signal has to remain above/below Viyyp (o) for some time fys ¢ (see Table 37).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
VIH/IL(ac) 2t the time of the rising clock transition) a valid input signal is still required to complete the transition and

reach VIH/IL(ac)'

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.

Table 68 — Data Setup and Hold Base-Values

Data Rate
[ps] reference
1333 | 1600
!DS(base) 100 75 | VH/L(ac) = VREF(de) T/- 150mV
!DH(base) 125 100 | Vipp(de) = VREF(de) T/~ 100mV

NOTE 1 AC/DC referenced for 2V/ns DQ, DM slew rate and 4V/ns differential DQS_t/DQS _c slew rate
and nominal Vx.

129

*paiTwaad ST BUTHJOM}BU JO UOT3ONPOJdad Jayidny ON

€sTJn2ay Rg paIngrdIsTa

$,8a5Ua07T J0

WO3°YIBISTINIIR, /1 5A3Y

TH 03 PasuaaT] TeTdaiew pajysTJhdog

o
@
=
m
@
=
od
o
=1
r
r
w
-
[y

*RTUO asn



JEDEC Standard No. 209-3
Page 126

11.7  Data Setup, Hold and Slew Rate Derating (cont’d)

Table 69 — Derating values LPDDR3 tDS/tDH - ac/dc based AC150
Atpg, Aty derating in [ps] AC/DC based
AC150 Threshold -> VIH(ac)=VREF(dc)+150mV’ VIL(ac)=VREF(dc)'150mV
DC100 Threshold > Vyyge)=VREF(deyt100mY, Vip ae)=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
AtIS | AtIH | AtIS | AtIH | AtIS | AtTH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH

DO 4.0 | 38 25 38 25 38 25 38 25 38 25 = =
DNf 3.0 = = 25 17 25 17 25 17 25 17 38 29
Slew
rate | 2.0 - - - - 0 0 0 (1} 0 0 13 13
Vins

15 - - - = = = 25 | <17 | 25 | -17 | -12 | 4

NOTE 1 Cell contents shaded in red are defined as ‘not supported’.

Table 70 — Required time typc above Vjy(ac) {below Vi (5¢)} for valid transition for DQ, DM
Slew Rate [V/ns] tyac Ipsl @ 150mV tyac Ipsl @ 150mV
1333Mbps 1600Mbps
min max min max
>4.0 58 - 48 -
4.0 58 - 48 -
35 56 - 46 -
3.0 53 - 43 -
2.5 50 - 40 -
2.0 45 - 35 -
1.5 37 - 27 -
<15 37 - 27 -
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DQS_c

Vssa

Setup Slew Rate _ VREF(dc) = ViL(ac)Max
ATF

Falling Signal
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Data Setup, Hold and Slew Rate Derating (cont’d)

’I

nominal

/ slew rate

ATF

nominal
slew rate

ATR

Setup Slew Rate _ ViH(ac)MiN - VREF(dc)
Rising Signal ~

ATR

Figure 81 — lllustration of nominal slew rate and tyac for setup time tpg
for DQ with respect to strobe
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11.7  Data Setup, Hold and Slew Rate Derating (cont’d)

nominal
slew rate
nominal
slew rate ——] dc to Vrer
region
Vesq @ -——————————— ——d - —— — = — 1 — -
—> <— —> —
ATR ATF

Hold Slew Rate _ VReF(do) - ViLde)MaX  Hold Slew Rate _ ViH(de)Min - VReF(de)

Rising Signal ~ ATR Falling Signal ~ ATE
Figure 82 — lllustration of nominal slew rate for hold time tpy
for DQ with respect to strobe
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Data Setup, Hold and Slew Rate Derating (cont’d)

DQS_c
DQS t
Vbba
nominal
line
Vi mn - - — — — - — — — — — —
IH(aC) VREF to ac
region
VIH@gymin - — — — [ — — =
VREFde) R ———————
|_ tangent

line
ViLgeymax ~ =)~ W\ |~ — — —
ViL(ac) Mmax

nominal
line .
VAC
Vssa -—l--t--—-—-——— =
Setup Slew Rate_
Rising Signal
_> 4_
ATF | Setup Slew Rate
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tangent
line

tangent line[V)yacymin - VRer(dc)l

ATR

tangent Iine[VREF(dC) - V||_(ac)max]

Falling Signal ~

ATF

Figure 83 — lllustration of tangent line for setup time tpg

for DQ with respect to strobe
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11.7  Data Setup, Hold and Slew Rate Derating (cont’d)

dc to VhEF - -
region angen
? line — T
VREFde) - — ———|-————— 4 ——————
tangent
dcto Ver Ii%e T ™
region nominal
line
Vigggmax - — —y —|[—————®|——————— — — — 1 — -
Vigggmax - — —— R - - - |-—————— —— - — -
L e e———————— -
—| |- — -—
ATR ATF
Hold Slew Rate_ tangentline [ Vreg(gc) - Vi (dcymax ]
Rising Signal ~ ATR
Hold Slew Rate _ tangentline [ Viyggmin - Vrep(ge) |
Falling Signal ~ ATF

Figure 84 — lllustration of tangent line for for hold time tpy
for DQ with respect to strobe
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Annex B (informative) Differences between Document Revisions

B.1 Initial Release JESD209-3
LPDDR3 Specification Released as JESD209-3.
B.2 Updated Specification to JESD209-3A
LPDDR3 Specification Updated as JESD209-3A.
Table 71 — Changes from JESD209-3 to JESD209-3A

Changes Sections Effected Description of Changes
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3 UPDATE NOTES:

Update 3/12/12:

NOTE 1 Updated spec and ballot list with latest ballot pass/hold material Table 1 on page 6 and throughout docu-
ment (see ballot table for links to updated material).

NOTE 2 VDDQ off during power-down -- ODT input buffer tied to VDDQ), if ODT is needed during power-down,
per MR setting, then VDDQ off during PD cannot be allowed. Added clarification. “On-Die Termination” on page
60.

NOTE 3 Added 216-ball 12POP ball-out “216-ball 12mm x 12mm 0.4mm Pitch Dual-Channel POP FBGA (top
view) Using Variation VCCCDB for MO-273” on page 2

NOTE 4 Added 256-ball 14POP ball-out “256-ball 14mm x 14mm 0.4mm Pitch Dual-Channel POP FBGA (top
view) Using Variation VEECDB for MO-273” on page 3

NOTE 5 Added 346-ball MCP ball-out “346-ball 0.5mm Pitch Dual-Channel Multi-Chip Package (MCP) FBGA
(top view) MO TBD” on page 6

NOTE 6 Added note to 178-ball discrete package ball-out “178-Ball Discrete Single-Channel FBGA (top view)
MO TBD” on page 5

NOTE 7 Updated initialization section to include instance of CA Training occuring at time Tf “Voltage Ramp and
Device Initialization” on page 12

NOTE 8 Corrected figure 9 per ballot comments Figure 9 on page 29

NOTE 9 Added MR255 RESET command “:255 (Reserved) (MA<7:0>=40H-FFH):” on page 24 and “MRW
RESET” on page 54

NOTE 10 Updated figures to remove red text per ballot comments: Figure 37 on page 50 and Figure 39 on page 53.
NOTE 11 tQHSD is no longer valid and should be removed from AC Timing table, Table 63 on page 112

NOTE 12 Need to fix figure color keys, Figure 76 on page 97

NOTE 13 Corrected segment mask row address encodings per ballot comments, “ PASR Segment Mask
(MA<7:0>=011H):” on page 23.

NOTE 14 Added default condition to MR11 OP<2>=0 per ballot comments, “ ODT Control (MA<7:0> = 0BH:”
on page 23

NOTE 15 Updated notes for single-ended and differential output slew rates per editorial comments and committee
discussion “Single Ended Output Slew Rate” on page 90 and “Differential Output Slew Rate” on page 91.

NOTE 16 MRI1 default value set to nWR=8 per ballot comments and committee discussion, “ Device Feature |
(MA<7:0>=01H):” on page 18.

NOTE 17 MR2 default value set to RL=10/WL=x per ballot comments committee discusion, “ Device Feature 2
(MA<7:0>=02H):” on page 19.

NOTE 18 Note #10 added to IDD parameters table to define state of CKE levels during IDD measurements per bal-
lot comments, “IDD Specifications” on page 102.

NOTE 19 tMRD specification value changed to max(tMRW, 15ns) per ballot comments Table 63 on page 112.
NOTE 20 Added cross-reference to figure 28 (nonsupported transition) in Refresh section per ballot comments.
NOTE 21 Added language to tFAW section to describe tFAW calculation during clock frequency change, “8-Bank
Device Operation” on page 25.

Update 3/16/12

NOTE 1 moved tpyac tables from setup/hold de-rating section “CA and CS_n Setup, Hold and Derating” on page
119 and “Data Setup, Hold and Slew Rate Derating” on page 125 to differential input characteristics section “Differ-
ential swing requirements for clock (CK_t - CK c¢) and strobe (DQS_t - DQS_c)” on page 84.

NOTE 2 Removed references to “preactive” command from clock stop and frequency change section, “Input clock
stop and frequency change” on page 69.

NOTE 3 Changed MR1 nWR=3 to “optional” to align to MRO RL3 option support. Changed MR1 default to
nWR=10 to align to 1333MHz speed grade per committee decision on default settings. Also changed MR2 OP<4>=1
to default to match the nWR setting, “ Device Feature 1 (MA<7:0>=01H):” on page 18 and “ Device Feature 2
(MA<7:0>=02H):” on page 19.

NOTE 4 Changed tODTd and tODTe to 12ns to align with final pass/hold ballot as agreed by committe during San
Diego, December 2011 committee meetings.

NOTE 5 Updated MRW RESET alternate encodings, “ Reset (MA<7:0>=3FH): MRW only” on page 24 and
“MRW RESET” on page 54.
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Update 3/22/12

NOTE 1 Added tCPDED to AC Timings table.

NOTE 2 Updated POP MO definitions with MO variation designation.

NOTE 3 Updated ODT pin names in 253-ball package to match p/h ballot material. Added notes approved in com-
mittee and editorial to align to other package ball-outs in document.

NOTE 4 Added notes per ballot material to 178-ball package ball-out

NOTE 5 Updated ODT pin names in 346-ball package to match p/h ballot material. Added note as editorial to clarify
NAND vs. e-MMC ball-out designations.
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JEDEC

Standard Improvement Form

The purpose of this form is to provide the Technical Committees of JEDEC with input from the industry
regarding usage of the subject standard. Individuals or companies are invited to submit comments to
JEDEC. All comments will be collected and dispersed to the appropriate committee(s).

JEDEC

If you can provide input, please complete this form and return to:

JEDEC Fax: 703.907.7583

Attn: Publications Department
3103 North 10th Street

Suite 240 South

Arlington, VA 22201-2107

1. | recommend changes to the following:
Requirement, clause number

I:l Test method number Clause number

The referenced clause number has proven to be:

I:l Unclear |:| Too Rigid |:| In Error
’—| Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by

Name: Phone:
Company: E-mail:
Address:
City/State/Zip: Date:
Rev. 9/02
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