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M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

LPDDR3 SDRAM

16M x 32 Bit x 8 Banks
LPDDR3 SDRAM

Feature

®  Ultra-low-voltage core and I/O power supplies
- VDD1 =1.70-1.95Vv
- VDD2, VDDCA. VDDQ =1.14-1.30V
®  Organization
- 16M words x 32 bits x 8 banks
® JEDEC LPDDR3-compliant
® 4KB page size
- Row address: RO to R13
- Column address: C0O to C9 (x32 bits)
Auto precharge option for each burst access
Eight-bit prefetch DDR architecture
Eight internal banks for concurrent operation

Double data rate, command/address inputs;
commands entered on each CK edge

(DQS)
Differential clock inputs (CK_t and CK_c)
®  Data mask (DM) for write data

Ordering Information

Bidirectional/differential data strobe per byte of data

Command/Address (CA) training for CA input timing
adjustment

Write leveling for clock to DQ, DQS, and DM timing
adjustment

Interface: HSUL 12

Read latency (RL): 3, 6, 8, 9, 10, 11, 12, 14, 16
Burst length (BL): 8

Burst type (BT): Sequential

Per-bank refresh for concurrent operation

Auto temperature compensated self refresh (ATCSR)
Auto refresh and self refresh

Refresh cycles: 8192 cycles/32ms

- Average refresh period: 3.9us

Partial-array self refresh (PASR)

- Bank masking

- Segment masking

Deep power-down (DPD)

Programmable drive strength (DS)

On-die termination (ODT)

Product ID M?:AE;()?q. (D,\;lattjlsz)?tne) RL WL \\//Egé:,\\//if(’) Package |Comments
M55D4G32128A-GFBIG2R 1066 2133 16 8

M55D4G32128A-EEBIG2R 933 1866 14 8 1.8v/1.2Vv 1788(;):1” Pb-free
M55D4G32128A-CDBIG2R 800 1600 12 6
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M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

LPDDR3 SDRAM Addressing

Items 4Gb (128Mb x32)
Device Type S4
Number of Banks 8
Bank Addresses BAO-BA2
trer (US) 3.9
Row Addresses RO-R13
Column Addresses* C0-C9

Notes:

1. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.
2. trer values for all bank refresh is within temperature specification (Tcase <= 85°C).
3. Row and Column Address values on the CA bus that are not used are “don’t care”.

Elite Semiconductor Microelectronics Technology Inc
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Operation Temperature Condition -40°C~85°C

Block Diagram
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MRR = Mode Register Read DPDX = Exit Desp Power Down
Resst = Reset is achieved through MRW command REF = Refresh

Simplified Bus Interface State Diagram

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

the Idle state. In these cases an additional MRW command is required to exit either operating mode and return to the Idle
state. See sections “CA Training” or “Write Leveling”.

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

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.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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BALL CONFIGURATION (TOP VIEW)
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M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

Ball Descriptions

Ball Name Type

Function

CK_t,CK_c Input

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

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

crosspoint of a falling CK_t and a rising CK_c.

CKE Input

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
therefore device input buffers and output drivers. Power savings modes are entered and exited
through CKE transitions. CKE is considered part of the command code. CKE is sampled at the

positive Clock edge.

CS_n Input

Chip Select: CS_n is considered part of the command code and CS_n is sampled at the

positive Clock edge.

CA[n:0] Input

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

CA is considered part of the command code.

DQI[n:0] I/0

Data Inputs/Output: Bi-directional data bus. n=31 for 32 bits DQ.

DQS[n:0]_t,
/0
DQS[n:0]_c

Data Strobe (Bi-directional, Differential):

The data strobe is bi-directional (used for read and write data) and differential (DQS_t and
DQS_c). Itis output with read data and input with write data. DQS_t is edge-aligned to read
data and centered with write data.

DQSO0_t and DQSO_c correspond to the data on DQO - DQ7; DQS1_t and DQS1_c to the data
on DQ8 - DQ15; DQS2_t and DQS2_c correspond to the data on DQ16 - DQ23; DQS3_t and
DQS3_c to the data on DQ24 - DQ31.

DM[n:0] Input

Input Data Mask:

DM is the input mask signal for write data. Input data is masked when DM is sampled HIGH
coincident with that input data during a Write access. DM is sampled on both edges of DQS_t.
Although DM is for input only, the DM loading shall match the DQ and DQS_t (or DQS_c).
DMO is the input data mask signal for the data on DQO-7, DM1 is the input data mask signal
for the data on DQ8-15, DM2 is the input data mask signal for the data on DQ16-23, 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.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

Ball Name Type Function
VDD1 Supply Core power supply 1: Core power supply.
VDD2 Supply Core power supply 2: Core power supply
Input Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c input
VDDCA Supply
buffers.
VDDQ Supply 1/0 Power Supply: Power supply for Data input/output buffers.
Reference Voltage for CA Command and Control Input Receiver: Reference voltage for
VREF(CA) Supply
all CA[n:0], 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 1/0 Ground.
ZQ I/O Reference Pin for Output Drive Strength Calibration.
NC / DNU - No Connection / Do Not Use

Notes: Data includes DQ and DM.

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023
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Operation Temperature Condition -40°C~85°C

Power-up, Initialization, and Power-off

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
ViLmin @and Viumax. The device outputs remain at High-Z while CKE is held LOW.

Following the completion of the voltage ramp (Tbh), CKE must be maintained LOW. DQ, DM, DQS_t and DQS_c voltage levels
must be between vssq and Vppg during voltage ramp to avoid latchup. CK_t, CK_c, CS_n, and CA input levels must be between
Vssca and Vppca during voltage ramp to avoid latch-up. Voltage ramp power supply requirements are provided in Voltage Ramp
Conditions table.

Voltage Ramp Conditions

After... Applicable Conditions

Vpp1 must be greater than Vpp,—200 mV

Vpp1 and Vppz must be greater than Vppca—200 mV

Ta is reached
Vpp1 and Vppz must be greater than Vppg—200 mV

Vret Must always be less than all other supply voltages

Note:

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

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

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

The voltage difference between any of Vss, Vssg, and Vssca pins must not exceed 100 mV.

abrown

Beginning at Th, CKE must remain LOW for at least 'INIT1, after which CKE can be asserted HIGH. The clock must be stable at
least tnir2 prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must observe setup and hold
requirements (tis, ti) 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 tckp. MRW commands can be issued at
normal clock frequencies as long as all AC timings are met. Some AC parameters (for example, tpgsck) could have relaxed
timings (such as tpgsckb) before the system is appropriately configured. While keeping CKE HIGH, NOP commands must be
issued for at least tinrs (Td). The ODT input signal may be in undefined state until t;s 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 tzqmir.

2. RESET Command: After tiyrs 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 tinr4 while keeping
CKE asserted and issuing NOP commands. Only NOP commands are allowed during time INIT4.

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

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAl complete), the device is in the idle state (Tf).

DAl status can be determined by issuing the MRR command to MRO. The device sets the DAI bit no later than tINIT5 after the
RESET command. The controller must wait at least tinismax) Or until the DAL bit is set before proceeding.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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4. ZQ Calibration: If CA Training is not required, the MRW initialization calibration (ZQ_CAL) command can be issued to the
memory (MR10) after time Tf. If CA Training is required, the CA Training may begin at time Tf. See “Mode Register Write - CA
Training Mode” for the CA Training command. No other CA commands (other than RESET or NOP) may be issued prior to the
completion of CA Training. At the completion of CA Training (Tf), the MRW initialization calibration (ZQ_CAL) command can be
issued to the memory (MR10).

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

5. Normal Operation: After tzomr (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 LPDDRS3 specification.
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* Midlevel on CA bus means: valid NOP

Voltage Ramp and Initialization Sequence

Note:

1. High-Z on the CA bus indicates NOP.

2 For tinr values, see Initialization Timing Parameters table.

3. After RESET command (time Te), Rrr is disabled until ODT function is enabled by MRW to MR11 following Tg.
4 CA Training is optional.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Initialization Timing Parameters

Value
Parameter Min s Unit Comment

tinimo - 20 ms Maximum voltage-ramp time

tinima 100 - ns Minimum CKE LOW time after completion of voltage ramp
tini2 5 - 'CK Minimum stable clock before first CKE HIGH

tiniTs 200 - V] Minimum idle time after first CKE assertion

tiniTa 1 - V] Minimum idle time after RESET command
tinims - 10 V] Maximum duration of device auto initialization
tzainir 1 - us ZQ initial calibration

teko 18 100 ns Clock cycle time during boot

Note: 1. If DAI bit is not read via MRR, SDRAM will be in idle state after tinirsmax) has expired.

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.

Elite Semiconductor Microelectronics Technology Inc
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Power-off Sequence

The following procedure is required to power off the device.
While powering off, CKE must be held LOW (= 0.2 x V/ppca); all other inputs must be between VILmin and VIHmax.
The device outputs remain at High-Z while CKE is held LOW.

DQ, DM, DQS_t, and DQS_c voltage levels must be between Vssq and Vppg during the power-off sequence to avoid latch-up.
CK_t, CK_c, CS_n, and CA input levels must be between Vssca 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.

Power Supply Conditions

Between... Applicable Conditions

Vpp1 must be greater than Vpp,—200mV

Vpp1 must be greater than Vppca—200mV

Txand Tz
Vpp1 must be greater than Vppg—200mV

Vrer must always be less than all other supply voltages

The voltage difference between any of Vss, Vssg, and Vssca pins must not exceed 100mV

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.

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.

Timing Parameters Power-Off

Value
Parameter Min Max Unit Comment
'POFF - 2 S Maximum Power-off ramp time
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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Mode Register Definition

Mode Register Assignment and Definition in LPDDR3 SDRAM

Mode Register Assignment in LPDDR3 SDRAM table 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.

Mode Register Assignment in LPDDR3 SDRAM

MR# <,;/|:'g> Function Access | OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
0 00H Device Info. R RL3 ( S\t,a\iLB) (RFU) (oStiZoalal) (RFU) DAI
1 01y Device Feature 1 w nWR (for AP) (RFU) BL
2 02H Device Feature 2 W WR WL (RFU) | nWRE RL & WL
Lev | Select
3 03y /O Config-1 W (RFU) DS
4 04y Refresh Rate R TUF (RFU) Refresh Rate
5 05K Basic Config-1 R LPDDR3 Manufacturer ID
6 06H Basic Config-2 R Revision ID1
7 07H Basic Config-3 R Revision ID2
8 08H Basic Config-4 R I/O width Density Type
9 09H Test Mode w Vendor-Specific Test Mode
10 O0AH IO Calibration W Calibration Code
11 0BH ODT Feature (RFU) CFjI'EI)_ DQ ODT
12:15 | 0CH~OFH (reserved) (RFU)
16 10y PASR_Bank w PASR Bank Mask
17 11H PASR_Seg W PASR Segment Mask
18-31 | 12py-1Fy (Reserved) (RFU)
32 20H bQ gg{itzrriﬂzn R See “DQ Calibration”
33:39 | 21y4~27H (Do Not Use)
40 281 bQ ggltitzrr?]ﬂgn R See “DQ Calibration”
41 29H CA Training 1 W See “Mode Register Write - CA Training Mode”
42 2AH CA Training 2 W See “Mode Register Write - CA Training Mode”
43:47 | 2BH~2FH (Do Not Use)
48 30K CA Training 3 w See “Mode Register Write - CA Training Mode”
49:62 | 31H-3EH (Reserved) (RFU)
63 3FH Reset w X
64:255| 40H~FFH (Reserved) (RFU)
Note:

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

Elite Semiconductor Microelectronics Technology Inc
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be toggled.
4. All mode registers that are specified as RFU shall not be written.
See vendor device datasheets for details on vendor-specific mode registers.
6. Writes to read-only registers shall have no impact on the functionality of the device.

o

MRO_Device Information (MA<7:0> = 00R):

oP7 OP6 oP5 | OP4 ] oP3 | op2 ] oP1 | OPO

RL3 | WL (Set B) Support | (RFU) RzQI (RFU) DAI
PP (optional)

DAI Og: DAl complete

Read-only |OP<0>

(Device Auto-Initialization Status) 1g: DAl still in progress

00g: RZQ self test not supported

01g: ZQ-pin may connect to Vppca or
float

RZQI .
10R: ZQ-pin may short to GND

(Built in Self Test for RZQ Read-only (OP<4:3>| "B Qp, g 1-4

Information) 11g: ZQ-pin self test completed, no

error condition detected (ZQ-pin may
not connect to Vppca or float nor short

to GND)

Og: DRAM does not support WL (Set B) | WL (SetB)

WL (Set B) Support Read-only |OP<6> 15: DRAM supports WL (SetB) Option

Support
Og: DRAM does not support RL=3,
nWR=3, WL=1 )
RL3 Option Support Read-only |OP<7> |1g: DRAM supports RL=3, nWR=3, gtgp%ﬁ“on
WL=1
for frequencies =166
Note:
1. RZzQI, if supported, will be set upon completion of the MRW ZQ Initialization Calibration command.
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 Vppca, either
OP[4:3]=01 or OP[4:3]=10 might indicate a ZQ-pin assembly error. It is recommended that the assembly error is
corrected.

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 RON, and will ignore ZQ calibration commands. In either case, the system may not function as
intended.

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%).

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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MR1_Device Feature 1 (MA<7:0> = 01H):

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

nWR (for AP) (RFU) BL

011g: BL8 (default) All

BL Write-only OP<2:0>
others: reserved

If \WRE (MR2 OP<4>) = 0:
001g: NWR=3 (optional)
100g: NWR=6

110g: n\WR=8

111g: N\WR=9

If \WRE (MR2 OP<4>) = 1:
nWR Write-only OP<7:5> 1
000g: NWR=10 (default)
001g:nWR=11

010g: nWR=12

100g: N\WR=14

110g: nWR=16

All others: reserved

Note: 1. Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge
operation for a write burst with AP enabled. It is determined by RUWR/CK).

Burst Sequence

Burst Cycle Number and Burst Address Sequence
c2|c1 co|BL

1 2 3 4 5 6 7 8
Og | Og | O 0 1 2 3 4 5 6 7
Og | 1g | O 2 3 4 5 6 7 0 1
g |0g|0g| 8 4 5 6 7 0 1 2 3
1 | 13 | OB 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.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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MR2_Device Feature 2 (MA<7:0> = 02p):

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

WR | WL RFU) | nWRE RL & WL

Lev | Select

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

0001g: RL=3/WL =1 (=166 MHz, optionall)
0100g: RL=6/WL = 3 (=400 MHz)

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

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

1000g: RL =10/WL =6 (=667 MHz, default)
1001g: RL = 11/ WL = 6 (=733 MHz)

1010g: RL = 12 / WL = 6 (=800 MHz)

1100g: RL = 14 / WL = 8 (=933 MHz)

1110g: RL =16 / WL = 8 (<1066 MHz)

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

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

0001g: RL = 3/ WL = 1 (<166 MHz, optionall)
0100g: RL = 6 / WL = 3 (<400 MHz)

0110g: RL =8/ WL = 4 (=533 MHz)
0111g:RL =9 /WL =5 (<600 MHz)

1000g: RL = 10 / WL = 8 (<667 MHz, default)
1001g: RL = 11/ WL = 9 (=733 MH2)

1010g: RL = 12/ WL = 9 (= =800 MHz)
1100g: RL = 14/ WL = 11 (<933 MHz)
1110g: RL = 16 / WL = 13 (<1066 MHz)

All others: reserved

0g: enable NWR programming = 9

WRE ite- <4> .

: Write-only | OP<4 1g: enable nWR programming > 9 (default)
0g: Select WL Set A (default)

WL Select Write-only |OP<6> 5
1g: Select WL Set B (optional®)

_ _ Og: disabled (default)

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

Note:

1. See MRO, OP<7>

2. See MRO, OP<6>

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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MR3_I/O Configuration 1 (MA<7:0> = 03R):

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

(RFU) DS

0001g: 34.3Q typical pull-down/pull-up

0010g: 40Q typical pull-down/pull-up (defaul)
0011g: 48Q typical pull-down/pull-up

0100g: reserved for 60Q typical pull-down/pull-up
0110g: reserved for 80Q typical pull-down/pull-up

DS Write-only | OP<3:0>
1001g: 34.3Q typical pull-down, 40Q typical pull-up
1010pg: 40Q typical pull-down, 48Q typical pull-up
1011pg: 34.3Q typical pull-down, 48Q typical pull-up
All others: reserved
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

MR4_Device Temperature (MA<7:0> = 041)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

TUF (RFU) SDRAM Refresh Rate

000g: SDRAM Low temperature operating limit exceeded

001B: RM = 4; tREFIM = 4 XtREFI, tREFIMpb = 4 X tREFIpb, tREFWM = 4 X
tREFWO010B: RM = 2; tREFIM = 2 X tREFI, IREFIMpb = 2 X tREFIpb,
IREFWM = 2 X tREFW

011g: RM = 1, tReFIM = 'REFI, 'REFIMpb = 'REFIpb, IREFWM =
SDRAM tREFW(<=85°C)

Re‘;;e?h Rﬁte* Read-only |OP<2:0>100g: RM = 0.5; tREFIM = 0.5 X IREFI, tREFIMpb = 0.5 X IREFIpb, REFWM
erres = 0.5 x tRgpw, do not de-rate SDRAM AC timing

Multiplier (RM)
101g: RM = 0.25; tregim = 0.25 x tREFI, tREFIMpb = 0.25 x tREFIpb,
tREFWM = 0.25 X tREFW, do not de-rate SDRAM AC timing

110g: RM = 0.25; tRggim = 0.25 x tREFI, tREFIMpb = 0.25 x tREFlpb,
tREFWM = 0.25 X tRgpwy, de-rate SDRAM AC timing

111g: SDRAM High temperature operating limit exceeded

Temperature 0g: OP<2:0> value has not changed since last read of MR4.
Up(zibelzl):lag Read-only | OP<7> 1g: OP<2:0> value has changed since last read of MR4.
Note:

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

2. OP7 is reset to ‘0’ at power-up. OP<2:0> bits are undefined after power-up.
3. If OP2 equals ‘1’, the device temperature is greater than 85C.
4

OP7 is set to ‘1’ if OP2:0PO0 has changed at any time since the last read of MR4. NOTE 5 SDRAM might not operate
properly when OP[2:0] = 000B or 111B.

For specified operating temperature range and maximum operating temperature refer to Input Leakage Current table.

6. LPDDRS3 devices shall be de-rated by adding 1.875 ns to the following core timing parameters: trcp, trc, tras, tre, and trro.
toosck shall be de-rated according to the tpgsck de-rating in AC Timing table.

7. Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.
8. See “Temperature Sensor” for information on the recommended frequency of reading MR4.

o
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

MR5_Basic Configuration 1 (MA<7:0> = 05p):

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

LPDDR3 Manufacturer ID

LPDDR3 Manufacturer ID Read-only | OP<7:0> See JESD-TBD LPDDR3

Manufacturer ID encodings

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Revision ID1

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

Note: 1. MRG6 is vendor specific.

MR7_Basic Configuration 3 (MA<7:0> = 07R):

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO

Revision ID2

Revision D2 Read-only | OP<7:0> |00000000g: A-version

Note: 1 MR7 is vendor specific.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

MR8_Basic Configuration 4 (MA<7:0> = 08BR):

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

1/0 width Density Type

11g: S8 SDRAM
Type Read-only | OP<1:0>

all others: Reserved

0100g: 1Gb
0101p: 2Gb
0110g: 4Gb
1110g: 6Gb
Density Read-only | OP<5:2> |0111g:8Gb
1101g: 12Gb
1000g: 16Gb
1001g: 32Gb

all others: reserved

00pg: x32
I/O width Read-only | OP<7:6> |01g: x16

all others: reserved

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

vendor-specific test mode

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Calibration Code

OXFF: Calibration command after initialization
OxAB: Long calibration

Calibration Write-only | OP<7:0> |0x56: Short calibration
Code 0xC3: ZQ Reset

others: Reserved

Note:

Host processor shall not write MR10 with “Reserved” values

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

See AC timing table for the calibration latency.

If ZQ is connected to Vssca through RZQ, either the ZQ calibration function (see “Mode Register Write ZQ Calibration
Command” ) or default calibration (through the ZQRESET command) is supported. If ZQ is connected to Vppca, the
device operates with default calibration, and ZQ calibration commands are ignored. In both cases, the ZQ connection
shall not change after power is applied to the device.

. LPDDR3 devices that do not support calibration shall ignore the ZQ Calibration command.

6. Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connection.

PR
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

RFU PD CTL DQ ODT

00g: Disable (Default)

01g: RzQ/4 (see Notel)

DQ ODT Write-only | OP<1.0>

10g: RZQ/Z

11p: RZQll

Og: ODT disabled by DRAM during power down (default)
PD Control Write-only OP<2>

1g: ODT enabled by DRAM during power down

Note: 1. RZQ/4 shall be supported for LPDDR3-1866 and LPDDR3-2133 devices. RZQ/4 support is optional for LPDDR3-1333
and LPDDR3-1600 devices. Consult manufacturer specifications for RZQ/4 support for LPDDR3- 1333 and LPDDR3-1600.

MR12:15_(Reserved) (MA<7:0> = OCH-OFH):

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Bank Mask

Og: refresh enable to the bank (= unmasked, default)
Bank <7:0> Mask | Write-only |OP<7:0> 1
1p: refresh blocked (= masked)

OP Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXXLX Bank 1
2 XXXXXLIXX Bank 2
3 XXXXIXXX Bank 3
4 XXXIXXXX Bank 4
5 XXIXXXXX Bank 5
6 XIXXXXXX Bank 6
7 IXXXXXXX Bank 7
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Segment Mask

Segment <7:0> Og: refresh enable to the segment (=unmasked, default)

Write-only |OP<7:0>

Mask 1pg: refresh blocked (=masked)
4Gb
Segment OoP Segment Mask
R13:11
0 0 XXXXXXX1 000g
1 1 XXXXXX1IX 001g
2 2 XXXXXLIXX 010s
3 3 XXXXLIXXX 011g
4 4 XXXLIXXXX 100g
5 5 XXIXXXXX 101g
6 6 XIXXXXXX 110s
7 7 IXXXXXXX 111
Note:

1. This table indicates the range of row addresses in each masked segment. X is do not care for a particular segment.
2. No memory present at addresses with R13=R14=HIGH. Segment masks 6 and 7 are ignored.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

MR18-31_Reserved (MA<7:0> = 012 - O1FR):

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

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

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

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

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

MR42_CA Training_2 (MA<7:0> = 2AR):

Writes to MR42 exits CA Training. See Mode Register Write - CA Training Mode.
MR43:47_(Do Not Use) (MA<7:0> = 2BQH-2FR):

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

Writes to MR48 enables CA Training. See Mode Register Write - CA Training Mode.
MR49:62_(Reserved) (MA<7:0>=31H-3EH:

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

X or oxFcl
Note: 1. For additonal information on MRW RESET see “Mode Register Write”.

MR64:255_(Reserved) (MA<7:0> = 404-FFpR):

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
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ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

LPDDR3 Command Definitions and Timing Diagrams

Activate Command

The ACTIVATE command is issued by holding CS_n LOW, CAO0 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 trcp 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 tras and tgp, respectively. The minimum time interval between successive ACTIVATE commands to the

same bank is determined by the RAS cycle time of the device (trc). The minimum time interval between ACTIVATE commands
to different banks is trrp (see Simplified Bus Interface State Diagram figure).

CHUCK{; ;"TI _”(—“ _"'F\IF _'- IH_H.ﬁT\IhL}f \iﬂr—ﬁ—\ _\r _

I ] i | |

I
~| —
f P f ih | | \( ErkE | f 1 1§ 1 |‘ ,' \f —
CADS Ilum'w?' Fow Pk :I:I |:III I|I I':lhw,:':.h'ﬁﬂf{ g:t’:l' Ddlu‘} 0T -I:. - |:I:| |:|:I FI ||I' |:I' :I:mw'l:ﬁ"ml
L} L i .
N 1 Ao | (I O [
Read Begins il
o I | | "1 I R R N A
|
A S [ =\ =
[Cmd] - Activate :H. Nop ||..~(I Activate }{ Read )———-{Prechmge Nop || MNop r{ Activate ‘"'—
o s e e | T 11
N | | T-":A\:.- N || ,
1 I [ ' o ! | I .
[ ] I : T I T [ | [ ] “ I [ 1 |
ACTIVATE Command

A PRECHARGE-all command uses trpab timing, while a single-bank PRECHARGE command uses trppb timing. In this figure, trp
is used to denote either an all-bank PRECHARGE or a single-bank PRECHARGE.

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 teaw Window. The number of clocks in a traw 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 trawps) by tck[ns], and
rounding up to the next integer value. As an example of the rolling window, if RU(traw/tck) is 10 clocks, and an ACTIVATE
command is issued in clock n, no more than three further ACTIVATE commands can be issued at or 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 tFAW period, the

rolling t.aw wWindow may be calculated in clock cycles by adding up the time spent in each clock period. The tFAW requirement is
met when the previous n clock cycles exceeds the traw time.

The 8-Bank Device Precharge-All Allowance: trp for a PRECHRGE ALL command must equal trpas, Which is greater
than trepb.
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Operation Temperature Condition -40°C~85°C
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| \ |
[] HIGH or LOW (but a defined logic level)

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

Command Input Setup and Hold Timing
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Operation Temperature Condition -40°C~85°C

T0 T1 // Tx Tx+1

N ! [ —

/A v\ f \

CKCKe | [ | | S S
|"|\_ — _r: | I III||I — — _1:\—.'|'._ J— _r:'.—

fweke |\ fHeke

| | A | | |

I | \ Vincke |

CKE VIH\ETEKE | \'. ViLcke |

B

] HIGH or LOW (but a defined logic level)

Command Input Setup and Hold Timing

Note:
1.  After CKE is registered LOW, CKE signal level shall be maintained below V cke for tcke specification (LOW pulse width).
2. After CKE is registered HIGH, CKE signal level shall be maintained above Vncke for tcke specification (HIGH pulse width).

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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Operation Temperature Condition -40°C~85°C

M55D4G32128A (2R)

Burst Read Operation

The burst READ command is initiated with CS_n LOW, CAO 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 tpgsck delay is measured. The first valid data is available RL x tck + toosck + tooso after the rising edge of the clock when the
READ command is issued. The data strobe output is driven LOW tRPRE before the first valid rising strobe edge. The first bit of
the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out appears on each DQ pin,

edge-aligned with the data strobe.

The RL is programmed in the mode registers. Pin timings for the data strobe are measured relative to the crosspoint of DQS t
and its complement, DQS_c.

DQ

RL RL +BL2
\ - ll,-.\ r— n o= ag - n— = —n T =
\_ I ] ! / X\_]/ \(\_7_ J ; / !
e — o || ——— Y —— e L o e
¢ || fbasck P HeDas)
1 t )
" | | (LZcDO;.] wl RPR o
* A1 m——— relmn — N —
DQAS _c - Iy //////// ///', || P L AL,
L N e i 5:
DQS_t S L ',////////////////// N \ . . N

\ '

|

III

| foasama

'lI e -
A \ i\ W oy [
//////////////////////////|| s .\ ‘l.-,l ] I CJJIK)\" o L\CUF \ CJ‘_) \ GIJ& U'!,'.l.“'

| BN |
< || T » fizinay
| LZ(pa) -

Note:

1.  tposck can span multiple clock periods.
2. An effective burst length of 8 is shown.

Read Output Timing

D Transitioning data
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Operation Temperature Condition -40°C~85°C
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Operation Temperature Condition -40°C~85°C
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Note: 1. tposckpLmax IS defined as the maximum of ABS(tpgsckn - tbasckm) for any {toosckn ,tbgsckm} pair within any 32ms rolling
window.
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Note: 1. tpbgsckommax iS defined as the maximum of ABS(togsckn - togsckm) for any {togsckn,tbosckm} pair within any 1.6us rolling
window.
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Operation Temperature Condition -40°C~85°C
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Note: l.tposckpsmax is defined as the maximum of ABS(tposckn - tbosckm) for any {toosckn ,toosckm} pair for reads within a

consecutive burst within any 160ns rolling window.
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Operation Temperature Condition -40°C~85°C
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Burst Read Followed By Burst Write

The minimum time from the burst READ command to the burst WRITE command is defined by the read latency (RL) and the
burst length (BL). Minimum READ-to-WRITE latency is RL + RU(tbgsckmaxy/tex) + BL/2 + 1 — WL clock cycles.
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I:l Transitioning data
Seamless Burst Read

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

The burst WRITE command is initiated with CS_n LOW, CAO HIGH, CA1 LOW, and CA2 LOW at the rising edge of the clock.
The command address bus inputs, CA5r—CA6r and CA1f—CA9f, determine the starting column address for the burst. Write
latency (WL) is defined from the rising edge of the clock on which the WRITE command is issued to the rising edge of the clock
from which the tpgss delay is measured. The first valid data must be driven WL x tck + tbgss from the rising edge of the clock
from which the WRITE command is issued. The data strobe signal (DQS) must be driven for time tWPRE as shown in Method
for Calculating tWPRE Transitions and Endpoints figure prior to data input. The burst cycle data bits must be applied to the DQ
pins tDS prior to the associated edge of the DQS and held valid until tDH after that edge.

Burst data is sampled on successive edges of the DQS until the 8-bit burst length is completed. After a burst WRITE operation,
tWR must be satisfied before a PRECHARGE command to the same bank can be issued. Pin input timings are measured
relative to the crosspoint of DQS _t and its complement, DQS_c.
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Burst Write
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twere Calculation

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

CK th—— - --- — L emmmee —— e
CK c---- —m e
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WPRE
Resulting differential signal

relevant for 7, specification

Method for Calculating twpre Transitions and Endpoints

twest Calculation

The method for calculating twest is shown in the follwing figure:
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t
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IWPST ends

Method for Calculating twpst Transitions and Endpoints
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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( twrr/tck)]-

2. twtr Starts at the rising edge of the clock after the last valid input datum.
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Seamless burst write: WL =4, tccp = 4

Note: 1. The seamless burst write operation is supported by enabling a write command every four clocks for BL = 8 operation.
This operation is allowed for any activated bank.
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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 Simplified Bus Interface State Diagram figure.
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Data Mask Timing

Note: 1. For the data mask function, BL = 8 is shown; the second data bit is masked.
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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, CAO 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, BAL, and BA2 are used to determine which bank(s) to precharge. The precharged
bank(s) will be available for subsequent row access trpan after an all-bank PRECHARGE command is issued, or trppn 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 (trpab) Will be longer than the row PRECHARGE time for a single-bank PRECHARGE (trppb). Activate to
Precharge timing is shown in ACTIVATE Command figure.

Bank selection for Precharge by address bits

AB (CA4r) BA2 (CA9r) BAL1 (CA8r) BAOQ (CATr) 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
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Burst Read operation followed by Precharge

For the earliest possible precharge, the PRECHARGE command can be issued BL/2 clock cycles after a READ command. A new
bank ACTIVATE command can be issued to the same bank after the row PRECHARGE time (trp) has elapsed. A PRECHARGE
command cannot be issued until after tras is satisfied. The minimum READ-to-PRECHARGE time must also satisfy a minimum
analog time from the rising clock edge that initiates the last 8-bit prefetch of a READ command. trrp begins BL/2 - 4 clock cycles
after the READ command. For LPDDR3 READ-to-PRECHARGE timings see Precharge & Auto Precharge clarification table.
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Burst Write followed by Precharge

For WRITE cycles, a WRITE recovery time (twr) must be provided before a PRECHARGE command can be issued.

This delay is referenced from the last valid burst input data to the completion of the burst WRITE. A PRECHARGE command
must not be issued prior to the tWR delay. For LPDDR3 Write-to-Precharge timings see Precharge & Auto Precharge
clarification table.

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 twr starts at prefetch boundaries. The minimum WRITE-to-PRECHARGE time
for commands to the same bank is WL + BL/2 + 1 + RU(twr/tck) clock cycles.
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Burst Write Followed by Precharge

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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Burst Read with Auto-Precharge

If AP (CAOf) is HIGH when a READ command is issued, the READ with auto-precharge function is engaged.

LPDDR3 devices start an auto-precharge operation on the rising edge of the clock BL/2 or BL/2 - 4 + RU(trrp/tck) clock cycles
later than the READ with auto precharge command, whichever is greater. For LPDDR3 auto-precharge calculations see
Precharge & Auto Precharge clarification table. Following an auto-precharge operation, an ACTIVATE command can be issued
to the same bank if the following two conditions are satisfied simultaneously:

a) The RAS precharge time (trp) has been satisfied from the clock at which the auto- precharge begins.
b) The RAS cycle time (trc) from the previous bank activation has been satisfied.
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Burst write with Auto-Precharge

If AP (CAOf) 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 twr cycles after the completion of the burst WRITE.

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

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

The RAS cycle time (trc) from the previous bank activation has been satisfied.
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Precharge & Auto Precharge clarification

From Minimum Delay between “From .
Command 1® CEmmiEe Command” to “To Command” Uilis | DEEES
Read Precharge (to same Bank as Read) BL/2 + max(4, RU(trrp/tck)) - 4 clks
ea
Precharge All BL/2 + max(4, RU(trrp/tck)) - 4 clks 1
Precharge (to same Bank as Read w/AP) BL/2 + max(4, RU(trre/tck)) - 4 cks | 1,2
Precharge All BL/2 + max(4, RU(trre/tck)) - 4 clks 1
. BL/2 + max(4, RU(trrp/tck)) - 4
Activate (to same Bank as Read wW/AP) X( (twreftex)) clks 1
+ RU(tRppb/tCK)
Read w/AP Write or Write w/AP (same bank) lllegal clks 3
RL + BL/2
Write or Write w/AP (different bank clks 3
( ) + RU(tposckmax/tck) - WL + 1
Read or Read w/AP (same bank) lllegal clks 3
Read or Read wW/AP (different bank) BL/2 clks 3
Wit Precharge (to same Bank as Write) WL + BL/2 + RU(twr/tck) + 1 clks 1
rite
Precharge All WL + BL/2 + RU(twr/tck) + 1 clks 1
Precharge (to same Bank as Write w/AP) WL + BL/2 + RU(twr/tck) + 1 clks 1
Precharge All WL + BL/2 + RU(twr/tck) + 1 clks 1
. . WL + BL/2 + RU(twr/t
Activate (to same Bank as Write w/AP) (twritex) clks 1
] +1+ RU(tRppb/tCK)
Write wIAP Write or Write w/AP (same bank) lllegal clks 3
Write or Write w/AP (different bank) BL/2 clks 3
Read or Read w/AP (same bank) lllegal clks 3
Read or Read w/AP (different bank) WL + BL/2 + RU(twtr/tck) + 1 clks 3
Precharge (to same Bank as Precharge) 1 clks 1
Precharge
Precharge All 1 clks 1
Precharge 1 clks 1
Precharge 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 tRP depending on the
latest precharge command issued to that bank.

2. Any command issued during the minimum delay time as specified in Precharge & Auto Precharge clarification
table is illegal.

3. After Read with AP, seamless read operations to different banks are supported. After Write with AP, seamless
write operations to different banks are supported. Read and Write operations may not be truncated or
interrupted.
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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 roundrobin: 0-1-2-3-4-5-6-7-0-1-....
The bank count is synchronized between the controller and the SDRAM by resetting the bank count to zero. Synchronization can
occur upon issuing a RESET signal or at every exit from self refresh.

Bank addressing for the per-bank REFRESH count is the same as established for the single-bank PRECHARGE command. A
bank must be idle before it can be refreshed. The controller must track the bank being refreshed by the per-bank REFRESH
command.

The REFpb command must not be issued to the device until the following conditions are met:
- trrcab has been satisfied after the prior REFab command

- trrcpo has been satisfied after the prior REFpb command

- tre 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 (trrcpb), 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:

- trrcpb Must be satisfied before issuing a REFab command

- trrcpb Must be satisfied before issuing an ACTIVATE command to the same bank
- trro Must be satisfied before issuing an ACTIVATE command to a different bank
- trrcpb 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:

- trrcab has been satisfied following the prior REFab command
- trrcpb 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:
- trecab latency must be satisfied before issuing an ACTIVATE command
- trrcab latency must be satisfied before issuing a REFab or REFpb command.
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REFRESH Command Scheduling Separation Requirements

Symbol Mlnllr:num el To... Notes
rom...
REFab
trFCab REFab ACTIVATE command to any bank
REFpb
REFab
trECpb REFpb ACTIVATE command to same bank as REFpb
REFpb
REFpb ACTIVATE command to a different bank than REFpb
REFpb 1
trrD
ACTIVATE
ACTIVATE command to a different bank than the prior ACTIVATE command

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

In general, an all bank refresh command needs to be issued to the LPDDR3 SDRAM regularly every trer (0r more precisely
treriv = trert X RM, see MR4 setting) interval. To allow for improved efficiency in scheduling and switching between tasks, some
flexibility in the absolute refresh interval is provided for postponing and pulling-in refresh command. A maximum of 8 Refresh
commands can be postponed during operation of the LPDDR3 SDRAM, meaning that at no point in time more than a total of 8
Refresh commands are allowed to be postponed. In case that 8 Refresh commands are postponed in a row, the resulting
maximum interval between the surrounding Refresh commands is limited to 9 x trer (9 X trerpm = 9 X RM X trerr) (see Simplified
Bus Interface State Diagram figure). A maximum of 8 additional Refresh commands can be issued in advance (“pulled in”) , with
each one reducing the number of regular Refresh commands required later by one. Note that pulling in more than 8, depending
on Refresh mode, Refresh commands in advance does not further reduce the number of regular Refresh commands required
later, so that the resulting maximum interval between two surrounding Refresh commands is limited to 9 X trer (9 X trerim = 9 X
RM X trerr). At any given time, a maximum of 16 REF commands can be issued within 2 X trer (2 X trerim = 2 X RM X trer)

And for per bank refresh, a maximum 8 x 8 per bank refresh commands can be postponed or pulled in for scheduling efficiency.
At any given time, a maximum of 2 x 8 x 8 per bank refresh commands can be issued within 2 X treri (2 X RM X treri)
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max interval = 9 x tREFIM (=9 x RM x tREFI)

DRAM must be idle

DRAM must be idle

) Tmereak [ DontCare
Refresh Command Timing

Note:
1. Only NOP commands allowed after Refresh command registered untill trrc(miny €Xpires.

2. Time interval between two Refresh commands may be extended to a maximum of 9 X trepim (= 9 X RM X trer).

tREFIM { = RM x tREFI)

_....‘ —
9 x tREFIM ( = 9 x RM x tREFI) |
_— - |
I|I
'i -t
I\ - T
1 _,.-—"'d——f -\-H_"""-—-.__\_H_‘
. —

8REF-Commands postponed

Postponing Refresh Commands

tREFIM (= RM x tREFI)

‘
I|I| 9 x tREFIM (= 9 x RM tREFI)
i - -
]
I ! il - |
f}___,-f’ "'\-"'\-_,_\_\_HE '._I'.
T
S I

——
8 REF-Commands pulled-in

Pulling-in Refresh Commands
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Refresh Requirements

a) Minimum number of REFRESH commands

LPDDR3 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh window (trerw = 32 ms @

MR4[2:0]

= 011 or Tc @ 85°C). Based on the settings in MR4 a refresh multiplier RM larger or smaller than 1 may apply. The

refresh window then becomes trerwm = RM X trerpw and the refresh interval beceomes treriv = RM X treri. ; refer to MR4 definition

for details.

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

b) REFRESH Requirements and SELF REFRESH

Self refresh mode may be entered with a maximum of eight refresh commands being postponed. After exiting selfrefresh mode
with one or more refresh commands postponed, additional refresh commands may be postponed to the extent that the total
number of postponed refresh commands (before and after the self refresh) will never exceed eight. During self-refresh mode, the

number of postponed or pulled-in REF commands does not change.”

“The use of self refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is raised
for exit from self refresh mode. Upon exit from self refresh, the LPDDR3 SDRAM requires a minimum of one extra refresh

command before it is put back into self refresh mode.”

TO T1 T2 T3 T4 Tx Tx+1 Ty Ty+1
! v i~ v b e —'.lv—/—-.:.'— ! o IIr—f/. '_"I."—".:"_ N
_}\ s,/m_ _.'\;\ #{._ _.'IFH f’ . _.r?\l f': ||'/_.'}\ el /' v _.I.H a}'._ _t?‘ .“(I'_ _J'R

¥
CK_tICK ¢ |
.|'|'._

CA0-9 ( [ )( .I

)<

'?J X N

A

\ ' /
[Cmd] ‘<Precharge>'< Nop )‘< Nop y REFab H Ntllll REFab >‘(\ }
| ' | -’ | ' | | ' | '
, : . =l : >=Irr a..:lb o >= R=Cab | " \ \
| . | . | — . | ||. g . A . | .
| ' [ f [ f | f (I & [ f [ “ [ ' [ '
All-Bank REFRESH Operation
TO T1 Tx Tx+1 Tx+2 Ty Ty+1 Tz Tz+1
| Al A i~ A A A A= e A o g
. I1A [ -
cxveice || SUDRIIneN) NN
v _I.'L v |1_ fe it I [ _t. R A

I '|
'L_ ” I'l'|_ 4'|l' | |||| 4'||'|

| l
IIJ I

Bank 1
Row A

\u

MY L

| — ! : /
[Cmd] —<Precharge>'< No!|| 4)'< Nop \ REFpb \r( I||||I . REFpb >\ , ACT }
T T I IIIII — — A = \ T ‘1|\ T T ||I T T T T T i
| X | |I|I qpab X >= ercpo IIlll X g | frrcpp ||||| I 4 [ : | :
[ X I IIII | : lII X A | |II A | '
| ' | \ Rdfresh to Band 0 o I | |
| ! | |||I | | i\ IRefres III \ Actwrte conlwmand|t0 BarI\k 1
B I ]
[ ' [ ' [

Per-Bank REFRESH Operation

Note:

1.
2.

In the beginning of this example, the REFpb bank is pointing to bank O.

Operations to banks other than the bank being refreshed are supported during the trrcpn period.
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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, CA0 LOW, CAl
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 tcppep. CKE
LOW will result in deactivation of input receivers after tcppep 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, Vopz, and Vppca) must be at valid levels. Vppg may be turned off during Self-Refresh. Prior to
exiting Self-Refresh, Vpopg must be within specified limits. Vierng and Vrerca may be at any level within minimum and maximum
levels (see Absolute Maximum DC Ratings). However prior to exiting Self-Refresh, Vieing and Vieica must be within specified
limits (see Recommended DC Operating Conditions). The SDRAM initiates a minimum of one all-bank refresh command
internally within tckesr 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 tckesr.min. The user may change the
external clock frequency or halt the external clock tcppep 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 tck prior to the positive clock edge that registers CKE HIGH. Once Self Refresh Exit is registered, a
delay of at least txsk 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 txsg for proper operation. NOP commands must be
registered on each positive clock edge during the Self Refresh exit interval txsg. For the description of ODT operation and
specifications during self-refresh entry and exit, see section On-Die Termination.

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.

2 tCK (mm)

o OO F' I_ | ﬂ: I FLIIL.
| Fa
Uncke | |

[

|

|

| |

I—"‘ I“'—' IISCKE :
I |

I

|

|
I Input clock &equency may be changed rJ‘I—FCI‘.’E - |-—I I I I I
: g\ or stopped during Self-Refresh \\
|
I
I

CKE

CS_n j

[CMD] ( vaie }{Emersln}{lnop )( noP

+ L + L

tCKESR(min) tXSR(mfn)

Enter Self-Refresh Exit Self-Refresh

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.

2. Device must be in the “All banks idle” state prior to entering Self Refresh mode.
txsr begins at the rising edge of the clock after CKE is driven HIGH.
4. A valid command may be issued only after txsg is satisfied. NOPs shall be issued during txsr.

w
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Partial Array Self-Refresh (PASR)

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. 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.

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.

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. 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.

Example of Bank and Segment Masking use in LPDDR3 devices

Segment Mask

(MR17) Bank 0 | Bank 1 | Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7

Bank Mask
(MR16)

o
=
o
o
o
o
o
-

Segment 0

Segment 1

Segment 2

Segment 3

Segment 4

Segment 5

gl Il I - = - <

Segment 6

r|lo|lo|lo|lo|r|o]|o
SIS

M M M M M M M

Segment 7

Note: 1. This table illustrates an example of an 8-bank LPDDRS3 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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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 tck + toosck + togsg 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

|

DQS _t |
DQS_c , i

R | ,
DQI0-7] | ; | | | |

| I | l | !
DQ[8-max] | ; | l|l— : !

| ! | |'| () CMD not allowed ‘ | ' | i | . | . | ,

Mode Register Read timing example: RL =8

Note:

1. MRRs to DQ calibration registers MR32 and MR40 are described in DQ calibration section.
2. Only the NOP command is supported during turr.

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.

4. Minimum Mode Register Read to write latency is RL + RU(tpgsckmax/tck) + 8/2 + 1 - WL clock cycles.
5. Minimum Mode Register Read to Mode Register Write latency is RL + RU(tbgsckmax/tck) + 8/2 + 1clock cycles.
6. In this example, RL = 8 for illustration purposes only.
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TO Tx+1 Tx+5 Ty Ty+ 1 Tz Tz+'|
i r' /#.h vl e ?&' i~ =l i ‘4 v — ?ﬂu— Tl
, / L ' / A
CK_t/CK Cl( _,.,_'( /] ._ IFH._f'r'._ _ |'I|I J)/L J.lll_}ll}\_ _.'\.\\'il'lll 4} _n',k._"l_ I' .U-_ -._ _r,
w1l = 75 ey el i I

L : 21 I : ! !

(—'_ L — L — T e T | \ : —
RO {E::ﬁ,}gw,||||l A | \[ | | )H J:L ;'Iﬂ%|||‘|| ) A . i t||j"ia*ﬂﬁ*}(“““d')l ‘ | }
[Cmd] ‘< Write }‘I||||I'|II Nop >< | Nop >-’-|'\I'|I|II Nop }( | Nop III|||I|II< Nop }< N:ll\l' 3{ Activate >’< Nop ;\r

I i | H| I i I d | I |
R ﬂ\t:|""|'|n:|:|:

— _\%/// ||| S Py /////////5;;;,
s

1
L
!
q TFrrrlrrrsrres|\| ~— '_|,I A FEA
DQS c© ey || ! ' | o\ A AN
\ |
. I AL LL AL /// 1 | 1 I /////// ////////. ///// //////// ////////
DQS t “rrdiininisisisis. S , | I| e |I Vi
_ S II| o, I - | “_ L I
!

A B R i
\ L1 S |I////////////////////////////.
f

////////l - ////////////L//// /////L/////)///// A gy
s //////////// i vy ///////////////// A
D[:JS A A [HN [:Nl!l IJM. ]NQ— //////// e S R N Iy
A A EE I ﬁi] //////// /////////////////// R N N
IS A ’/////////// A | /////////////////// S
I | [ I I [
XREAD to MRR Timing
Note:

1. Only the NOP command is supported during tmrr.
2. The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.
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After a prior READ command, the MRR command must not be issued earlier than BL/2 clock cycles, or WL + 1 +BL/2 +
RU(twrr/tck) clock cycles after a prior WRITE command, as READ bursts and WRITE bursts must not be truncated by MRR.

TO Tx Tx+1 Tx+5 Tx+G Tx+7 Tx+8 Tx+9
! W /,f‘ﬁ'.r Tl o~ o Ve e el o 1 —w
/ { )
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Burst Write Followed by MRR

Note:

1.  The minimum number of clock cycles from the burst WRITE command to the MRR command is [WL + 1 + BL/2 +
RU(twrr/tck)]-
2. Only the NOP command is supported during tmrr.

MRR Following Idle Power-Down State

Following the idle power-down state, an additional time, tMRRI, is required prior to issuing the mode register read (MRR)
command. This additional time (equivalent to trcp) 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.

o . = L Tas2 " ™ To+1 Te=2 "
Uy W7 L) W W I W W il N W If W U [T \ Al
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CA[E:0) | Iﬂ: WALID j]: VALID :1: bh.F' x NOP I VALD t VALID I): WALID I VALD I:( VALID :H: WALID :l: NOE I:(; NOP J'j:l .'.',A.LID :I: VAL I:.
L b N e L

[Cmd] | Iﬂ: EXIT FD :(: ) NOE :I: VALID (Exoent MRR) I):I \:.'\_JIEXI'.!:H.'?RZ- I:( MAR :I: NOP :J:I i VALID I:l
: | : | Y : - T I '

Notes:

1. Any valid command from the idle state except MRR
2. tuwmi = treo

MRR Following Power-Down Idle State
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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 Toper (Operating Temperature Range table) may be used to
determine whether operating temperature requirements are being met.

LPDDRS3 devices shall monitor device temperature and update MR4 according to trs.. Upon exiting self-refresh or power-down,

the device temperature status bits shall be no older than trs).

When using the temperature sensor, the actual device case temperature may be higher than the Toper Specification (Operating

Temperature Range table) that applies for the standard or elevated temperature ranges. For example, Tcase may be above 85C

when MR4[2:0] equals 011B. LPDDRS3 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
arange of 2°C.

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

- TempSensorinterval (trs)) 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 + trs; + SysRespDelay) <2 C

Temperature Sensor

Parameter Symbol Max/Min Value Unit (Notes
. . System 0

System Temperature Gradient | TempGradient| Max Dependent Cls

MR4 Read Interval ReadInterval Max System ms
Dependent

[Temperature Sensor Interval trsi Max 32 ms

System

System Response Delay SysRespDelay| Max Dependent ms

Device Temperature Margin TempMargin Max 2 C

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

10C x (Readinterval + 32ms + 1ms) < 2°C
In this case, ReadInterval shall be no greater than 167 ms.
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DQ Calibration

LPDDR3 devices feature a DQ Calibration function that outputs one of two predefined system timing calibration patterns. A Mode
Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the specified pattern on DQ[0], DQ[8], DQ[16], and DQ[24]

for x32 devices.

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.

Data Calibration Pattern Description

Bit Time 0 |Bit Time 1 |Bit Time 2 |Bit Time 3|Bit Time 4 |Bit Time 5|Bit Time 6|Bit Time 7

Pattern “A” (MR32) 1 0 1 0

Pattern “B” (MR40) 0 0 1 1

CA[9:0] kn?ﬁa g2

[Cmd] { mrr32

DS _t, — -
Das c BEL=6

Dafo]
DQ[7:1}
Dale]
DQ[15:9}

Da[1e]

DQ[23:17
Daf24]
DQ[31:25

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

Pattern A

Pattern B

DQ Calibration Timing
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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, CAO0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the clock. The mode register is selected
by CAL1f-CAOf, CA9r-CA4r. The data to be written to the mode register is contained in CA9f-CA2f. The MRW command period is
defined by tMRW. Mode register WRITES to read-only registers have no impact on the functionality of the device.

TO T1 T2 ﬁ, Tx Tx+1 Tx+2 f,f’f
v rﬁir —'._' i~ /- =l w0l W
wnd YTYTTIITYT

! i A | |
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|
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cma) < MRW>‘<

1 1 1 1 1 ! 1
I
| |
. tarw
I

- — = —

{7} CMD not allowed | )

Mode Register Write Timing

Note:
1. At time Ty, the device is in the idle state.
2. Only the NOP command is supported during tmrw.

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.
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MRW RESET

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

If the initialization is to be performed at-speed (greater than the recommended boot clock frequency), then CA Training may be
necessary to ensure setup and hold timings. Since the MRW RESET command is required prior to CA Training it may be difficult
to meet setup and hold requirements. User may however choose the OP code OxFCh.

This encoding ensures that no transitions are required on the CA bus between rising and falling clock edge. Prior to CA Training,
it is recommended to hold the CA bus stable for one cycle prior to, and one cycle after, the issuance of the MRW RESET
command to ensure setup and hold timings on the CA bus.

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

Current State Command Intermediate State Next State
Mode Register Reading
MRR (All Banks Idle) IAll Banks Idle
Mode Register Writing
All Banks Idle MRW (All Banks Idle) IAll Banks Idle
Resetting
MRW (RESET . . All Banks Idl
(RESET) (Device Auto-Init) anks Idle
Mode Register Reading .
MRR (Bank(s) Active) Bank(s) Active
Bank(s) Active  ryy Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
LTd jLTE” |Te
- A r - Fal v e Pl ol i
SEEEEERDEEERN
[ ! [P Lo fv ] l\_ 1)

I o O e ey
! fh)( ! :>< | X | H—\H MFlR:X }
! : : ' : ' : \\_" e |

v

{T) CMD not allowed

L@ Optional
Mode Register Write Timing for MRW RESET

Note: 1. Optional MRW RESET command and optional CS_n assertion are allowed, When optional MRW RESET command is
used, tINIT4 starts at Td'.
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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. LPDDRS3 devices support ZQ calibration.

There are four ZQ calibration commands and related timings: tzoi, tzoreset, tzocw, and tzqcs. tzoinr is for initialization calibration;
tzoreser is for resetting ZQ to the default output impedance; tzqc is for long calibration(s); and tZQCS 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 tzqocs 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 (Tarifrate) and voltage drift rate (Varitrae) in 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)

= Calibrationinterval

Where Tsens = MAX (ARONAT) and Vsens = MAX (dRondV) define temperature and voltage sensitivities.
FOI’ example, |f Tsens = O75%/°C, Vsens = 020%/mV, Tdriftrate = 1°C/SeC, and
Varitrate = 15mMV/sec, then the interval between ZQCS commands is calculated as:

1.5

(0.75 x 1) + (0.20 x 15)

= 0.4s

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 (tzqini, tzgcL, Of tzocs). 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
tzamim, tzaes, and tzgcw overlap between the devices. ZQ RESET overlap is acceptable.
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ZQ Initialization Timing

Note:

1. Only the NOP command is supported during ZQ calibration.

2. CKE must be registered HIGH continuously during the calibration period.

3. All devices connected to the DQ bus should be High-Z during the calibration process.
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ZQ Calibration Short Timing

Note:

1. Only the NOP command is supported during ZQ calibration.

2. CKE must be registered HIGH continuously during the calibration period.

3.  All devices connected to the DQ bus should be High-Z during the calibration process.

TO T1 T2 T3 T4 T)( Tx+1 Tx+2
A Al 7l e U e Ve | eV ..'— al =l ol et
CK_t/CK cf | ( \ {0 bl { J\I\ r || - _R_f{\_ —“r}g’d[_ Jr\

|'._ i #|'._ _ |L A *|1_
|

|
S | . | . | .
! () CMD not allowed | :

ZQ Calibration Long Timing

Note:

1. Only the NOP command is supported during ZQ calibration.

2. CKE must be registered HIGH continuously during the calibration period.

3. All devices connected to the DQ bus should be High-Z during the calibration process.
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ZQ Calibration Reset Timing

Note:

1. Only the NOP command is supported during ZQ calibration.

2. CKE must be registered HIGH continuously during the calibration period.

3.  All devices connected to the DQ bus should be High-Z during the calibration process.
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ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ calibration function, an RZQ 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,
Input/output capacitance table).

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.

CA Training Sequence

a)
b)

<)
d)

e)

CA Training mode entry: Mode Register Write to MR41

CA Training session: Calibrate CAOQ, CAl, CA2, CA3, CA5, CA6, CA7 and CA8 (see CA to DQ mapping (CA Training mode
enabled with MR41) table)

CA to DQ mapping change: Mode Register Write to MR48

Additional CA Training session: Calibrate remaining CA pins (CA4 and CA9) (see CA to DQ mapping (CA Training mode is
enabled with MR48) table)

CA Training mode exit: Mode Register Write to MR42

R 67.’
C"[D /////////////////////////////////////// Chx CAy ﬁll "
[x:ls ey Re Sy
o R R# f/f
|

f ] Iregular clock b
ﬂﬂ[‘ period and Optional Cptional Don't Care
if duty cycle

CA Training Timing Chart

Note:

1.

Unused DQ must be valid HIGH or LOW during data output period. Unused DQ may transition at the same time as the
active DQ. DQS must remain static and not transition.

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 mapping change, CKE
must be driven HIGH prior to issuance of the MRW 48 command.

3. Because data out control is asynchronous and will be an analog delay from when all the CA data is available, tADR and
tMRZ are defined from CK_t falling edge.

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/exit command to ensure setup and hold timings on the CA bus.
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5. Clock phase may be adjusted in CA training mode while CS_n is high and CKE is low resulting in an irregular clock with
shorter/longer periods and pulse widths.

6. Optional MRW 41, 48, 42 command and CA calibration command are allowed. To complement these optional commands,
optional CS_n assertions are also allowed. All timing must comprehend these optional CS_n assertions:

a) tapr Starts at the falling clock edge after the last registered CS_n assertion.

b)  tcaco, tcackel, tcavrp Start with the rising clock edge of the last CS_n assertion.

c) tcaenT, tcaext Nneed to be met by the first CS_n assertion.

d) turz Will be met after the falling clock edge following the first CS_n assertion with exit (MRW#42) command.
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The LPDDR3 SDRAM may not properly recognize a Mode Register Write command at normal operation frequency before CA
Training is finished. Special encodings are provided for CA Training mode enable/disable. MR41 and MR42 encodings are
selected so that rising edge and falling edge values are the same. The LPDDR3 SDRAM will recognize MR41 and MR42 at
normal operation frequency even before CA timing adjustment is finished.

Calibration data will be output through DQ pins. CA to DQ mapping is described in Table.

After timing calibration with MR41 is finished, users will issue MRW to MR48 and calibrate remaining CA pins (CA4 and CA9)
using (DQO/DQland DQ8/DQY) as calibration data output pins (see CA to DQ mapping (CA Training mode is enabled with MR48)
table).

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

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

CAO CAl CA2 CA3 CA4 CA5 CAG6 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

CA Training mode disable (MR42(2AH,0010 1010B),0OP=A8H(1010 1000B) )

CAO CAl CA2 CA3 CA4 CAS5 CAG6 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

CA to DQ mapping (CA Training mode enabled with MR41)

CAO | CA1 | CA2 | CA3 | CA5 | CA6 | CA7 | CA8 Clock edge
DQO | DQ2 | DQ4 | DQ6 | DQ8 | DQ10 | DQ12 | DQ14 CK_trising edge
DQ1 | DQ3 | DQ5 | DQ7 | DQ9 | DQ11 | DQ13 | DQ15 CK_t falling edge

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

CAO CAl CA2 CA3 CA4 CAS CA6 CA7 CA8 CA9

Rising Edge L L L L L L L L H H

Falling Edge L L L L L L L L H H

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

CA4 CA9 Clock edge
DQO DQ8 CK_trising edge
DQ1 DQ9 CK_t falling edge

Note: 1. Other DQs must have valid output (either HIGH or LOW)
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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 tpgss, toss, and tpsh.

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 tpgss specification can be met.

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

The LPDDR3 SDRAM enters into write leveling mode when mode register MR2[7] is set HIGH. When entering write leveling
mode, the state of the DQ pins is undefined. During write leveling mode, only NOP commands are allowed, or MRW command to
exit write leveling operation. Upon completion of the write leveling operation, the DRAM exits from write leveling mode when
MR2[7] is reset LOW.

The controller will drive DQS_t LOW and DQS_c HIGH after a delay of twipgsen. After time twivro, the controller provides DQS
signal input which is used by the DRAM to sample the clock signal driven from the controller. The delay time twimrpmax) IS
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 twio. 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_c transition is sampled, the controller locks the strobe delay settings, and write leveling is achieved for
the device.

Write Leveling Timing figure describes the timing for the write leveling operation.
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On-Die Termination

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

The ODT feature is turned off and not supported in Self-Refresh and Deep Power Down modes. ODT operation can optionally be
enabled during CKE Power Down via a mode register. Note that if ODT is enabled during Power Down mode Vppg 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 Functional Representation of ODT figure.

‘oot B
To other | | Vopa |
circuitry | | R |
like | Py |
RCV, .. | | [Switch |
| | » DQ, DQS, DM
| |
L - — — - — — .|

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 Rrr 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.

ODT Mode Register

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

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

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, tODToff,min,max-

Minimum Rt turn-on time (topron,min) iS the point in time when the device termination circuit leaves high impedance state and
ODT resistance begins to turn on. Maximum Rt turn on time (tooton,max) IS the point in time when the ODT resistance is fully on.
topTon,Min and topron,max are measured from ODT pin high.

Minimum Ry turn-off time (toprof,min) iS the point in time when the device termination circuit starts to turn off the ODT resistance.

Maximum ODT turn off time (toprofi,max) iS the point in time when the on-die termination has reached high impedance. toprofi,min
and toproft,max are measured from ODT pin low.
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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).

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 toprd minmax. After a
power down exit command is registered, termination will be enabled within a time window specified by topre min,max-

Minimum RTT disable time (topra,min) IS the point in time when the device termination circuit will no longer be controlled by the
ODT pin. Maximum ODT disable time (topta,max) iS the point in time when the on-die termination will be in high impedance.

Minimum RTT enable time (topre,min) IS the point in time when the device termination circuit will no longer be in high impedance.
The ODT pin shall control the device termination circuit after maximum ODT enable time (1obte,max) IS Satisfied.

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

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 topraminmax- After a self refresh exit command is registered, termination will be enabled
within a time window specified by topre,minmax-

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 toprd,min,max-

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 for termination
activation and deactivation for DQ and DQS_t/DQS _c.

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.

ODT States Truth Table

Write Read/ 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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Asynchronous ODT Timing Example for RL = 12

Tm 3 Tm 2 Tm-1 Tm Tm+l Tm+2 Tm+3 Tm+d Tm 5 Tm+6 Tm+7 Trr'+8 Tm+9
=, ¥ Ty ==y £~ P Pt '
) X

.,_.
\__d RE— 'L

L -

o mmw x_,; X ;><' u_,f X u,JJLU_\JJ_uLUH_x)d

cmd READ |' Y
.' / BL=m BL/Z tHZ(DQs)
DasS t, i
DAs_c /f tizioas)
DQ if
I
aDT | | e
1
DRAM_RTT '|I 1 oDT ON X ODT OFF in ODT ON
I'-.I'\,_ tACDToff tAQDTon
Automatic ODT Timing During READ Operation Example for RL =m
Note:

1. The automatic Rrr turn-off delay, taooror, is referenced from the rising edge of “RL-2” clock at Tm-2.
2. The automatic Ryt turn-on delay, taopron, is referenced from the rising edge of “RL+ BL/2” clock at Tm+4.
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ODT Timing During Power Down, Self Refresh, Deep Power Down Entry/Exit Example

Note:

1. Upon exit of Deep Power Down mode, a complete power-up initialization sequence is required.
2.  toprd has a different value if the command at T1 is normal Power Down entry, Deep Power Down entry or Self Refresh

entry; see “AC Timing” table.
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Power-down

Power-down is entered synchronously when CKE is registered LOW and CS_n is HIGH at the rising edge of clock.

CKE must not go LOW while MRR, MRW, READ, or WRITE operations are in progress. CKE can go LOW while any other
operations such as row activation, PRECHARGE, auto precharge, or REFRESH are in progress, but the power-down IDD
specification will not be applied until such operations are complete. Power-down entry and exit are shown in Basic Power-Down
Entry and Exit Timing figure through MRW to Power-Down Entry figure.

Entering power-down deactivates the input and output buffers, excluding CKE. To ensure that there is enough time to account for
internal delay on the CKE signal path, two NOP commands are required after CKE is driven LOW, this timing period is defined as
tcroen. 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
teke,min IS satisfied. Vrerca must be maintained at a valid level during power-down.

Vppo can be turned off during power-down. If Vppq is turned off, Vrerpg must also be turned off. Prior to exiting power-down, both
Vopo and Vrerpg 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 tcke,min 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.
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omo) (1 IIIII I_ﬂii@@ii

tokEmin) 'XP(mm)

1_
)
B

§

Enter Power-Down mode Exit Power-Down mode | 4

tokE(min)
Basic Power-Down Entry and Exit Timing

Note: 1. Input clock frequency can be changed or the input clock can be stopped or floated during power-down, provided that
upon exiting power-down, the clock is stable and within specified limits for a minimum of 2 clock cycles prior to power-down exit
and the clock frequency is between the minimum and maximum specified frequency for the speed grade in use.
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CK_C g - -|I , . . - = .,\_";--. -
CK_t . . i - : - \‘i%,}- \ JII -_.Kl
Sl (L

. r :

| ! + [CKE
[CMD] : —( REF ! ' '

! ! ! !* ' rFtEFlrw: RM x ?REFl

REFRESH-to-REFRESH Timing in CKE-Intensive Environments

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

TO T1 Tx Tx+1 Tx+2 Tx+3  Tx+4 Tx+5 Tx+6 Tx+?’ Tx+8  Tx+9
. M—m _U_LH_ O IR
[CMD] — RD ) I | : : I I I I
. L ! : ! ! : :
CKE | . | | | : : : :

I 1 [ -I
DQ \ ' |:/|'II ' {QxaQyx Q ‘f Va'Ya) \—'—EKE—'—

B St =ttt ,—5 =t
D(:JS—t [ [ 1 T ! ’_X\_] T [ [
DQS ¢ ! ! ! I\ : ! ! !

\\
READ to Power-Down Entry
Note:

1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at RL + RU(tbosckmaxy/tck) + BL/2 + 1 clock cycles after the clock on which the READ
command is registered.
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TO ™ T2 Tx Te+1  Tx+2 Tx+3 Tx+d Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

-- LI P LI P LR PR L] ’ P ==

P i e A A e S Pt | i Pl
S N . O N U U OO O N O O OO O O O
1 1

[CMD] — roA M : : "PRE® ' : : : : : :
1 ‘_l—'l | 1 1 TA-===F 1 1 | 1 1 1 1
! ! ! ! ! ! ! , BL2® —| ! ! ! !
1,2 1 I I I ! 4 1 1 1
CKEM® ' B S | | : L | |
1 I I 1 1 1 1 1 I 1 r‘-_\l 1 1
DG 1 | | 1 1 o W W W e W o W Vo ‘ ISGKE | |
. . . . . {afepafepaefane) : . .
Das.t | | | : deeeos o i e e T e : : |
DQS ¢ L L TN 5 SRR WERE S0 WL S SN g : : :
READ with Auto Precharge to Power-Down Entry
Note:

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

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

BL/2 with trrp = 7.5ns and trAs(MIN) is satisfied.
4. Start internal PRECHARGE.

w

T0 T1 Im Tm+1 Tm+2 Tm+3 Tm+4 Tm+5H, Tx Tx+1 Tx+2 Tx+3 Tx+4

" Rl e SR R T R Emp——e ket II'--.-‘,—q::tl-";-l- - M T e el
BEBlBEBESERERE RN RN

|||"._..'l,_|_||1.__.t \ [ M | P o — — F—— P S | ) IR
CMD] ——{ wr W | | : : 1 : : | :
: B8 || : : : : : }J : thscke : :
G R s s e ey (NS S S
| — T, I | I | 1 1
DQ ; [ oo Xo¥o¥oYoXo Yo b — ; : ; .
| | H: SAPAZAAZARAZARS TR - | | |
DQS_]: | | B [t T"-I il | l | | | 1 1
DQS_c ! | Z‘ ; ;1 JL’ e : | : :

WRITE to Power-Down Entry

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

[CMD] ' wra . :

CKE \ I . . . .
: ik ' BT s
1 | i Y Y SN Fa
ba ) L@ﬂ& 3{1&
1 1 | | |‘|l - ,—| - ...
DQS—t ' ' '. '| l_—_jI |_n - - ._u. - lll._J
DAs c : :
WRITE with Auto Precharge to Power-Down Entry
Note:

1. CKE can be registered LOW at WL + 1 + BL/2 + RUfWR/CK) + 1 clock cycles after the WRITE command is registered.
2. Start internal PRECHARGE.

T0 T1 T2 T3 T4 TS5 TB T7 TB 19 T10 T1 1

CK C " == 1—]. b} ""!, "u—. == ': ""||—|
CK_t r FL‘ U_ A _Fﬁ u f L
[CMD] — REF ) : : : : : : : . : :
CKE' . | \
' Dnckele—r

> liscke

REFRESH Command to Power-Down Entry

Note: 1. CKE can go LOW tncke after the clock on which the REFRESH command is registered.
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TO T'I T2 T3 T4 T5 Tﬁ 7 TES T9 M0 ™

CK .II,_| - |_| --|I - I l---lu r----l ----I
CK__['E -$. -u .-:I:I—IJE . '_'l‘ mw_‘L g —_— nm. .-k' 'E y\_."!’_\'l'l_-)":"-—l,:‘lj' .

’l{—\"l 1 1 1 1 1 1 1

[CMD] \i‘fll 1 1 1 1 | | | | 1 1
cKE' T | : : : : | | | | : :
| ke 4| — : : : : : : : : : :

| | lentsoe | | | | | | | | |

ACTIVATE Command to Power-Down Entry

Note: 1. CKE can go LOW at ticke after the clock on which the ACTIVATE command is registered.

T0 T1 T2 T3 T4 TS T6 '|7 T8 TQ T10 T1 1

CK ¢ Al == s ---ull-—1 == r---ili—|| ---u -- |,-—-I --1 1 ----|
oo L e T _.,_X_

[CMD] ¢ \
L

—

! le—» lisckE |
1 1 1
1 1 1

CKE . :

PRECHARGE Command to Power-Down Entry

Note: 1. CKE can go LOW tncke after the clock on which the PRECHARGE command is registered.
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T0 T1 T2 \I\T}{ Te+1 T2 Tx+3  Tx+d  Tx+5h Tx+6 Tx+7 Tx+8 Tx+9
CKc.—prmmng e

. SR e R TRk SELY 1.--.r v
CK t.'__xl_}r__ ._F, i{ "_| ‘\_':--}\_/,L..--.d'_f.--."'_'?:....lhn_.':,.- , "._:,i.-_."l_:
TR | l . l | | \ : | |
[CMD] —<\ MRR [ | |! | [ 1 | [ [ [ [ [ :
1 II I| 1 1 1 1 1 1 .{_',: rI‘“CKE : : :
1‘2 1 1 1 |[ | 1 1 1 1 1 1 \ 1 1 1 1
CE e : B e e e —
i SE@eeEeE @EER@——————
R O st e
| | | | w778 | --- 1 \ —|'|-I .Ik'--‘:lll 'I 1 1 | 1
DQS t | | T I| I| | b I| J’II I', II | A I| :I; Qi 1 ] 1 1
—_ \ PEC T SR R I -
DQS ¢! ' N *—/ ' | | | | |
MRR to Power-Down Entry
Note:
1. CKE can be registered LOW RL + RU(tbgsck/tck)+ BL/2 + 1 clock cycles after the clock on which the MRR command is
registered.

2. CKE should be held high until the end of the burst operation.

TO T1 T2 T3 T4 TS 6 T7 T8 T9 Mo 1M1

1
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1
1
_'I--—I
-t-_.,-_\_!_ -
1
1
{ '
1

MRW to Power-Down Entry

Note: 1. CKE can be registered LOW turw after the clock on which the MRW command is registered.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 70/142



ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

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 tcppep.

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

The Deep Power-Down state is exited when CKE is registered HIGH, while meeting tiscke 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.

Te
2ICK {rmiry)
CK_c e~ - SR
ot L. F‘ s f*J_UTLﬂ_} ] FUW {
| t o L
— Ierf,TCK;P;DET o the mﬁﬂfﬁ?}fﬁ:&?&ﬁ%ﬁiﬁ?ﬁﬁ:&mﬂ: Lo _*Wfﬁ "200”‘!‘ (i)
CKE EEEER W '.
0 R

T,}

oo (o)) = o |

Exit PD

=hi

(EEE)

trp ) torp
_—»
Enter Deep Power-Down mode Exit Deep Power-Down mode
Deep power down entry and exit timing diagram
Note:
1. Initialization sequence may start at any time after Tc.
2. tinirs, and Tc refer to timings in the LPDDR3 initialization sequence. For more detail, see Power-Up and Initialization.
3. Input clock frequency may be changed or the input clock can be stopped or floated during deep powerdown, 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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Input clock stop and frequency change

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

tekabsymin IS 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 (trcp, tre) 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 tchans) and teians) 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 (trcp, 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 tchans) and teians) for @ minimum of 2 clock cycles prior to CKE going HIGH.

LPDDR3 devices support input clock frequency change during CKE HIGH under the following conditions:
® tckabs)min IS 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 (trcp, twr, twra, tre, tMrw, tMrr, €1C.) 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 tchabs) and tebs) for a minimum of 2*tek + 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 (trcp, twr, twra, tre, tMrw, tMrr, €tC.) have been met prior to stopping the clock;

® The LPDDR3 SDRAM is ready for normal operation after the clock is restarted and satisfies tcrans) and tci(avs) for a
minimum of 2*tck + txp.
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No Operation command

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

1. CS_n HIGH at the clock rising edge N.
2. CS_nLOW and CAOQ, 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.
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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.

Command Truth Table

SDR Command Pins DDR CA pins (10)
SDRAM CKE
CS_N|CAO0|CA1|CA2|CA3|CA4 | CA5|CA6 |CA7|CA8|CA9 ECI;%IIE
Command CK_t(n-1)| CK_t(n)
L L L L L |MAO|MA1|MA2|MA3|MA4 |MA5 _f_
MRW H H
X |MA6|MA7|OP0O|OP1 OP2|OP3|OP4 OP5|OP6 |OP7
B
L L L L H |[MAO MA1|MA2 MA3|MA4|MA5 _f_
MRR H H
X |IMAG6|MA7 X
B
L L L H L X _f_
Refresh (per bank) H H
X X
RS
L L L H H X _f_
Refresh (all bank) H H
X X
v
H L L L H X r
Enter Self Refresh L
X X X _L
L L H | R8 | R9 |R10 | R11 | R12 BAO|BA1l |BA2 _f_
Activate (bank) H H
X RO|R1 |  R2| R3 | R4 | R5 | R6 | R7 |[R13 |R14 _L
L H L L [RFURFU| C1 | C2 BAO|BA1l|BA2 _‘f_
Write (bank) H H
X |AP®|c3|c4a|c5 | Cc6|C7|C8|C9|C10 C11
B
L H L H |[RFU/RFU| C1 | C2 |BAO BA1l|BA2 _f_
Read (bank) H H
X |AP*|c3|ca|c5|Cc6 | C7|C8|C9|Cl0|/C1l <1
L H H L H|AB | X X |BAO|BA1l |BA2
Precharge ™ _f
H H
(per bank, all bank)
X X | X | X | X X X X X X X _L
E H L H H L X
nter L _f_
Deep Power Down
X X X
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I
L H| H/|H X
NOP H H =
X X
ES
Maintain PD, SREF, DPD L H|H/|H X Es
(NOP) L L
see note 4 X X
=
H X Es
NOP H H
X X
B
X X
Maintain PD, SREF, DPD| . =
see note 4 X N
v
H H X =
Enter Power Down L
X X X
RS
L H X
£
Exit H
PD, SREF, DPD
X X X RS

Note:

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

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

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.

4. “X” means “H or L (but a defined logic level)”’, except when the LPDDR3 SDRAM is in PD, SREF, or DPD, in which case
CS_n, CK_t/CK_c, and CA can be floated after the required tcpoep time is satisfied, and until the required exit procedure is
initiated as described in the respective entry/exit procedure, See also Self-Refresh Operation figure, Basic Power-Down
Entry and Exit Timing figure and Deep power down entry and exit timing diagram figure.

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

6. Vrer must be between 0 and Vppg during Self Refresh and Deep Power Down operation.

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

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

9. CS_n and CKE are sampled at the rising edge of clock.

10. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.
11. AB “high” during Precharge command indicates that all bank Precharge will occur. In this case, Bank Address is do-not-care.
12. When CS_n is HIGH, LPDDR3 CA bus can be floated.
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CKE Table'?
Dewg;ea?e%rent CKEn1™ | CKE,* | cS_n® |Commandn® Operation n"® Device Next State |Notes
Active Power L L X X Maintain Active Power Down| Active Power Down
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
L L X X Maintain RDese“'”g POWer |2 esetting Power Down
. own
Resetting Power
Down
L H H NOP Exit Resetting Power Down Idle or Resetting 7,10
L L X X Maintain 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
All Banks Idle H L L Self-Refresh Enter Self Refresh Self Refresh 1
Enter Enter
H L L Deep Power Deep Power Down
Down Deep Power Down
Resetting H L H NOP Enter Re;ettlng Power Resetting Power Down
own
H H Refer to the Command Truth Table
Note:

NoapkwbhPE

during the txp period.

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

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

Description.

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
'X’ means ‘Don’t care’.
“Current state” is the state of the LPDDR3 device immediately prior to clock edge n.
“CKEn” is the logic state of CKE at clock rising edge n; “CKEn-1" was the state of CKE at the previous clock edge.
“CS_n" is the logic state of CS_n at the clock rising edge n;
“Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.
Power Down exit time (txp) should elapse before a command other than NOP is issued. The clock must toggle at least twice

10. Upon exiting Resetting Power Down, the device will return to the Idle state if tints has expired.
11. In the case of ODT disabled, all DQ output shall be Hi-Z. In the case of ODT enabled, all DQ shall be terminated to Vppo.
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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.

Current State Command Operation Next State NOTES
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (Per Bank) Begin to refresh Refreshing (Per Bank) 6
Refresh (All Bank) Begin to refresh Refreshing(All Bank) 7
Idle MRW Write value to Mode Register MR Writing 7
MRR Read value from Mode Register Idle 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
Write Select column, and start write burst Writing 11
Row Active
MRR Read value from Mode Register Active 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
Write Select column, and start new write burst Writing 10, 11
Writing
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 txsr or txp has been met if the previous state was
Power Down.

2. All states and sequences not shown are illegal or reserved.
3. Current State Definitions:
Idle: The bank or banks have been precharged, and tgp has been met.

Active: A row in the bank has been activated, and trcp 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.
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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 Pad Definition and Description table, and according to Functional
Description table.

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

Row Activating: starts with registration of an Activate command and ends when trcp is met. Once trep 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 tRP
has been met. Once tgp 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 tRP has
been met.

Once trp is met, the bank will be in the idle state.

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 trrcpb is met. Once trrcpn
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 trrcab IS met. Once trrcan 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 turr has been met. Once tMRR 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 tyrr has been met. Once tMRR 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 turr has been met. Once turr has
been met, the bank will be in the Active state.

MR Writing: starts with the registration of an MRW command and ends when tyrw has been met. Once twrw 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 tgp is met. Once tgp is met, the
bank will be in the idle state.

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

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

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

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.

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.

11. The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

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

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

14. If a Precharge command is issued to a bank in the Idle state, trp shall still apply.
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Current State Bank n - Command to Bank m

Cl:)l;r;r:nit?te Corg;r:‘?(ng] = Operation Next State for Bank m NOTES
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
ROVA‘( g\i(\:/t(iev%tirng, Write Select column, and start write burst to Bank m Writing 7
Precharging Precharge Deactivate row in bank or banks Precharging 8
MRR Read value from Mode Register Idle MR Resg:cﬁnoé Active MR 9,10, 12
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
Note:

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

2. All states and sequences not shown are illegal or reserved.
3. Current State Definitions:
Idle: the bank has been precharged, and tgp has been met.
Active: a row in the bank has been activated, and trcp 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.
4. Refresh, Self-Refresh, and Mode Register Write commands may only be issued when all bank are idle.
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10.

11.

12.

13.

14.

15.
16.

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 tygrr has been met. Once tyrr 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 tvwrr has been met. Once turr 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 tyrr has been met. Once tyrr has been
met, the bank will be in the Active state.

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

trro Must be met between Activate command to Bank n and a subsequent Activate command to Bank m. Additionally, in the
case of multiple banks activated, teaw must be satisfied.

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

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

MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends
when trep is met.)

MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when
trp IS Met.

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

The next state for Bank m depends on the current state of Bank m (ldle, 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 trcp and trp respectively.

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

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

A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.
Reset command is achieved through Mode Register Write command.

Data Mask Truth Table

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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Absolute Maximum Ratings

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.

Absolute Maximum DC Ratings

Parameter Symbol Min | Max | Units | Notes
\Vop1 supply voltage relative to Vss Vobp1 04| 2.3 \Y 1
\Vop2 supply voltage relative to Vss Vb2 04| 1.6 \% 1
Vopca supply voltage relative to Vssca Vopca -04| 1.6 \Y 1,2
Vopo supply voltage relative to Vssg Vbbg 04| 1.6 \% 13
\Voltage on any ball relative to Vss ViN, Vour | -0.4| 1.6 \Y

Storage Temperature Tste -55 | 125 °C 4

Note:

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

2 VRreeca 0.6 X VDDCA; however, VREFCA may be Vbbpea provided that VRerca 300mV.
3. Vrerpg 0.7 X Vppg; however, Vrerpg may be Vppg provided that Vrerpg 300mV.
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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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.

Recommended DC Operating Conditions

\Voltage
Symbol DRAM Unit
Min Typ Max
Vb1 1.70 1.80 1.95 Core Powerl Vv
Vop2 1.14 1.20 1.30 Core Power2 V
Vbbpea 1.14 1.20 1.30 Input Buffer Power \%
Vbbo 1.14 1.20 1.30 I/0 Buffer Power \Y
Note:

1. Vpp1 uses significantly less current than Vpp2.
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 1MHz at the DRAM package ball.

Input Leakage Current

Parameter/Condition Symbol Min Max Unit | Notes
Input Leakage current IL -2 2 UA | 1,2
\Vrer supply leakage current Ivree -1 1 UuA | 3,4

Note:

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

2. Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification. The
minimum limit requirement is for testing purposes. The leakage current on Vrerca and Vrerpg pins should be minimal.

3. Vrerpg = Vopo/2 Or Vrerca = Vopea/2. (All other pins not under test = 0V)

Operating Temperature Range

Parameter/Condition Symbol Min Max Unit

Standard -40 85 T
Torer

Elevated 85 95 C

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.

2. Either the device case temperature rating or the temperature sensor ( See “Temperature Sensor” ) 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 Toper rating that applies for the
Standard or Elevated Temperature Ranges. For example, Tcase may be above 85°C when the temperature sensor
indicates a temperature of less than 85C.
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AC and DC Input Measurement Levels
AC and DC Logic Input Levels for Single-Ended Signals

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

1600 1866/2133 .
Symbol Parameter : : Unit | Notes
Min Max Min Max

ViHcA(AC) AC input logic high VRet + 0.150 Note 2 VRet + 0.135 Note 2 \% 1,2

ViLcaac) AC input logic low Note 2 VRef - 0.150 Note 2 VRef - 0.135 \Y, 1,2

VIHCA(DC) DC input |OgiC hlgh VRet + 0.100 Vbbpca VRet + 0.100 Vbbpea V 1

VILCA(DC) DC input |OQiC low Vssca VRet - 0.100 Vssca VRet - 0.100 V 1

VRefcA(DC) ?/Leéﬁgcgsvjlwtlar?;u{:r 0.49 * Vppca 0.51 * Vppca 0.49 * Vppea 0.51 * Vppca \Y 3,4
Note:
1. For CA and CS_n input only pins. Vet = VRrefca@c).-
2. See “Overshoot and Undershoot Specifications”
3.  The ac peak noise on Vgeica may not allow Vgeica to deviate from Vretcapc) by more than +/-1% Vppca (for

reference: approx. +/- 12 mV).

4. For reference: approx. Vppca/2 +/- 12 mV.
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 \% 1

ViLcke CKE Input Low Level Note 1 0.35* VppcA \% 1
Note: 1. See “Overshoot and Undershoot Specifications”
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AC and DC Input Levels for Single-Ended Data Signals

Single-Ended AC and DC Input Levels for DQ and DM

o

2Ron + Ryt

Voptr =

Ron + Ryr

1. For DQ input only pins. VRef = Vrefpo(nc)-
2. See “Overshoot and Undershoot Specifications”

3.  The ac peak noise on Vgeipg may not allow Vgemng to deviate from Vremngoc) by more than +/-1% Vppq (for
reference: approx. +/- 12 mV).

4. For reference: approx. Vppg/2 +/- 12 mV.
For reference: approx. Voprr/2 +/- 12 mV.

6.  The nominal mode register programmed value for Ropr and the nominal controller output impedance Ron are
used for the calculation of VODTR. For testing purposes a controller Ron value of 50Q is used.

X Vbpo

1600 1866/2133
Symbol Parameter Unit | Notes
Min Max Min Max
VIHDQ(AC) AC input logic high Vet + 0.150 Note 2 Vrer + 0.135 Note 2 vV 1,25
ViLbg(ac) AC input logic low Note 2 VRet - 0.150 Note 2 Vret - 0.135 vV 1,25
VIHDQ(DC) DC input |OgiC hlgh VRet + 0.100 VDDQ VRet + 0.100 VDDQ V 1
VILDQ(DC) DC input Iogic low VssQ VRet- 0.100 VssQ VRet- 0.100 Vv 1
VRefdQ(DC)
(DQ opT  |Reference Voltage for) 494y | 051% Voo | 0.49% Vo | 0.51*Vose | V | 3,4
i DQ, DM inputs
disabled)
V
(I;SD(Q)(B?IE Reference Voltage for| Vopotr/2 - Voptr/2 + VopTr/2 - Voptr/2 + vV |356
DQ, DM inputs 0.01*V 0.01*V, 0.01*V, 0.01*V, a
enabled) Q P pbQ DDQ DDQ DPDQ
Note:
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Vref Tolerances

The dc-tolerance limits and ac-noise limits for the reference voltages Vreica and Vgempg are illustrated in lllustration of Vrerpc)
tolerance and Vger ac-noise limits figure.

It shows a valid reference voltage Vrery as a function of time. (Vrer stands for Vreica and Vrerng likewise). Vpp stands for Vppca
for Vretca and Vppo for Vremq. Vrefpe) is the linear average of Vrery Over a very long period of time (e.g. 1 sec) and is specified
as a fraction of the linear average of Vppg or Vopca also over a very long period of time (e.g. 1 sec). This average has to meet
the min/max requirements in Single-Ended AC and DC Input Levels for CA and CS_n Inputs table. Furthermore Vrery may
temporarily deviate from Vrefpc) by no more than +/- 1% Vpp. Vref) cannot track noise on Vppg or Vppca if this would send Vges
outside these specifications.

A voltage
Vbp
’AVJ
Vretlt)
VRer @c-noise Ref
VRef(DC)= VRef(DC)max
o= =V Y - =T = — — = = = = VRefDC)nom
VRef(DC)min
I
N/
Vss
time

[llustration of Vgespc) tolerance and Vger ac-noise limits

The voltage levels for setup and hold time measurements Vinc), ViHoc), Viac) and Vipc) are dependent on Vger. “Vrer “ shall be
understood as Vrefpc), as defined in lllustration of Vrefipc) tolerance and Vger ac-noise limits figure.

This clarifies that dc-variations of Vger 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 Vrerpc)
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
Vret ac-noise. Timing and voltage effects due to ac-noise on Vges Up to the specified limit (+/-1% of Vpp) are included in LPDDR3
timings and their associated deratings.
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VIL and VIH Levels With Ringback

VDD +0.35V
A
Minimum VIL and VIH Levels
V
IH(AC) ViHac)

V U
L1 LG Vihpoe)

Vger + AC noise
Veep + DC ermmoy

Vger - DC error
Vrer - AC noise

ViLipc)

ViLioc)

ViLiac)

ViLiac)

\J Vgs - 0.35V

Input Signal

Note:

1. Numbers reflect nominal values.
2. For CA0-9, CK_t, CK_c,and CS_n, Vpp stands for Vppca. For DQ, DM, DQS_t, and DQS_c, Vpp stands for Vppo.
3. For CA0-9, CK_t, CK_c, and CS_n, Vss stands for Vssca. For DQ, DM, DQS_t, and DQS_c, Vss stand for Vssg.
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AC and DC Logic Input Levels for Differential Signals
Differential signal definition

differential

voltage
A

tovac

VihpiFFagMIN. - — —f2 ¢ — — — — — — — — — — — — — — — — — — — — -

ViHpIFFpeMIN®- - £ — — — — > A — — — — — — — — — — — — -

I
~ CK_t-CK_c
0.0 . DQS_t-DQS_c
ViLoirrpeMAX ]
p
NJ
ViorFFacMAX o+ ]
) half cycle
tovac _
» time
Definition of differential ac-swing and “time above ac-level” tpyac
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Differential swing requirements for clock (CK_t - CK_c) and strobe (DQS_t - DQS_c)

Differential AC and DC Input Levels

Value
Symbol [Parameter Unit | Notes
Min Max
Vinaitide)  [Differential input high 2 X (ViH(de) - VRef) note 3 \Y 1
ViLdide)  |Differential input low Note 3 2 X (ViL(de) - VRef) \Y 1
Vindifiae)  [Differential input high ac 2 X (ViH(ac) - VRef) Note 3 \Y 2
ViLdiac)  [Differential input low ac note 3 2 X (ViL(ac) - VRef) \Y 2

Note:

1. Used to define a differential signal slew-rate. For CK_t - CK_c use Viu/Vi @) of CA and Vrerca; for DQS_t -
DQS_c, use Vin/ViLde) of DQs and Vrerpg; if a reduced dc-high or dc-low level is used for a signal group, then
the reduced level applies also here.

2. For CK_t - CK_c use Viu/Vi@ag) of CA and Vrerca; for DQS_t - DQS_c, use Vin/Viac) of DQs and Vrerpo; if a
reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQS_t, and DQS_c need to be
within the respective limits (ViHac) max, ViLdeminy for single-ended signals as well as the limitations for overshoot
and undershoot. Refer to.

4. For CK_t and CK_c, Vref = Vrefcapc). FOor DQS_t and DQS_c, Vet = VRredq(DC).-
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Allowed time before ringback tpyac for DQS_t/DQS ¢

Slew Rate tovac [ps] @ tovac [ps] @ tovac [ps] @

[V/ns] [Vin/Laitta)| =300mV | [Vin/Ldifiac)| = 270mV | [Vin/Lditrac)| = 270mV
1600Mbps 1866Mbps 2133Mbps
min max min max min max

>8.0 48 - 40 - 34 -

8.0 48 - 40 - 34 -

7.0 46 - 39 - 33 -

6.0 43 - 36 - 30 -

5.0 40 - 33 - 27 -

4.0 35 - 29 - 23 -

3.0 27 - 21 - 15 -

<3.0 27 - 21 - 15 -

Allowed time before ringback tpyac for CK_t/CK_c

Slew Rate tovac [Ps] @ tovac [ps] @ tovac [ps] @

[V/ns] [Vin/Laittac)| =300mV | [Vin/Lditiac)| = 270mV | |Vin/Laitt(ac)| = 270mV
1600Mbps 1866Mbps 2133Mbps
min max min max min max

>8.0 48 - 40 - 34 -

8.0 48 - 40 - 34 -

7.0 46 - 39 - 33 -

6.0 43 - 36 - 30 -

5.0 40 - 33 - 27 -

4.0 35 - 29 - 23 -

3.0 27 - 21 - 15 -

<3.0 27 - 21 - 15 -
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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_t and CK_c shall meet Vsenracymin / VseLaeymax in every half-cycle.

DQS_t, DQS_c shall meet Vsen@emin / VseL@aemax in every half-cycle preceeding and following a valid transition.

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

Vbpeca ©f Vpopa

VSEH(ac)mm _______

CK_t, CK_c

VDDCAJQ or VDDQJQ ——————————————
DQS_t, or DQS_c

VSEL(a-:}max _____

VeseporVggg - ————————-" - — == ———l— — — — - o fime

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 Vppcal/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 VseL(acymax, VseH@cymin Nas no bearing on timing, but adds a restriction on the common mode characteristics
of these signals.

The signal ended requirements for CK_t, CK_c, DQS_t, and DQS_c are found in Single-Ended AC and DC Input Levels for CA
and CS_n Inputs table and Single-Ended AC and DC Input Levels for DQ and DM table, respectively.
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Single-ended levels for CK_t, DQS t, CK_c, DQS ¢

Value
Symbol Parameter Unit |Notes
Min Max
Single-ended high-level for strobes (Vopo / 2) +0.150 note 3 \% 1,2
\VSEH(AC150) - -
Single-ended high-level for CK_t, CK_c| (Vooca/2) + 0.150 note 3 \Y 1,2
Single-ended low-level for strobes note 3 (Voo / 2) - 0.150 \% 1,2
\VsEL(AC150) -
Single-ended low-level for CK_t, CK_c note 3 (Vooca ! 2) - 0.150 \% 1,2
Single-ended high-level for strobes (Vopo / 2) +0.135 note 3 \Y 1,2
\VSEH(AC135) - -
Single-ended high-level for CK_t, CK_c| (Vooca/2)+0.135 note 3 \% 1,2
Single-ended low-level for strobes note 3 (Vopo / 2) - 0.135 \% 1,2
\VseL(AC135) :
Single-ended low-level for CK_t, CK_c note 3 (Vopoea/ 2) - 0.135 \% 1,2
Note:
1. For CK_t, CK_c use Vsen/VseLag) Of CA,; for strobes (DQSO_t, DQSO0_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c,
DQS3_t, DQS3_c) use Viu/ViL@e) of DQs.
2. Vih@o/ViLae) for DQs is based on Vrerpg; VseHac)/VseLac) for CA is based on Vgerca; if a reduced ac-high or
ac-low level is used for a signal group, then the reduced level applies also here
3. These values are not defined, ho\wever the single-ended signals CK_t, CK_c, DQSO0_t, DQS0_c, DQS1_t,
DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c need to be within the respective lim- its (Vixc) max, ViLdemin) for
single-ended signals as well as the limitations for overshoot and under- shoot. Refer to “Overshoot and
Undershoot Specifications” .
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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 Single-ended levels for CK_t,
DQS_t, CK_c, DQS_c table.

The differential input cross point voltage Vix is measured from the actual cross point of true and complement signals to the
midlevel between of Vpp and Vss.

Vbpea or Vppa

r— — -CK_c,DQS_c

/
| -* ..... VDDCAQorVDDQ.'Q

¢

CK_t, DQS_t

Vssca O Vssa

VIX Definition

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

Value
Symbol [Parameter Unit | Notes
Min Max

Differential Input Cross Point Voltage relative

VIXCA 6 \ippeal2 for CK_t, CK_c -120 120 mvo| 1.2
Differential Input Cross Point Voltage relative

ViIXQ 5 Vo2 for DQS._t, DQS_c -120 120 mvo| 1.2

Note:

1. The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device, and Vixc) is expected to track
variations in Vpp. Vixac) indicates the voltage at which differential input signals must cross.

2. For CK_t and CK_c, Vref = Vretcapc). For DQS_t and DQS_c, VRref = Vreq(c).
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Slew Rate Definitions for Single-Ended Input Signals

See “CA and CS_n Setup, Hold and Derating” for single-ended slew rate definitions for address and command signals.
See “Data Setup, Hold and Slew Rate Derating” for single-ended slew rate definitions for data signals.

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 Differential Input
Slew Rate Definition table and Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c figure.

Differential Input Slew Rate Definition

Measured
Description Defined by
from to
ggﬁéﬁ?gggﬁf l_elngrgt_eC;(_Jr rising edge (CK_t- ViLdiffmax Vindifmin - |[Vikditimin - ViLdifimax] / DeltaTRdiff
Differential input slew rate for falling edge (CK_t .
| CK_c and D%S_t -DQOS_c). g edge (CK_ ViHdiffmin ViLdifmax  [ViHdifimin - ViLdiffimax] / DeltaTFdiff
Note: 1. The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds.

3 Delta TRdiff
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Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c
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AC and DC Output Measurement Levels

Single Ended AC and DC Output Levels

Table shows the output levels used for measurements of single ended signals.

Single-ended AC and DC Output Levels

Symbol Parameter Value Unit | Notes
VoH(pe) DC output high measurement level (for IV curve linearity) 0.9 X Vbpg \% 1
VoLpc) ) _
DC output low measurement level (for IV curve linearity) 0.1 x Vopo \% 2
ODT disabled
VoLpc) ) _ Vppg X [0.1 + 0.9 x (Ron
DC output low measurement level (for IV curve linearity) \Y 3
ODT enabled !/ (Rt + Ron))]
VoH(Ac) IAC output high measurement level (for output slew rate ) Vrerpg + 0.12
VoL(ac) IAC output low measurement level (for output slew rate ) VRerpg - 0.12
Output Leakage current (DQ, DM, DQS_t, DQS_c)| Min -5 UA
loz
(DQ, DQS_t, DQS_c are disabled; 0V =Vour=Vbpo Max 5 UuA
Min -15 %
MwmpuPD Delta Ron between pull-up and pull-down for DQ/DM
Max 15 %

Note:

1. lon = -0.1mA.
2. loL = 0.1mA.
3. The min value is derived when using Rrr, min and Ron,max (+/- 30% uncalibrated, +/-15% calibrated).

Differential AC and DC Output Levels

Table shows the output levels used for measurements of differential signals (DQS_t, DQS_c).

Differential AC and DC Output Levels

Symbol Parameter Value Unit | Notes
\VoHdif(AC) IAC differential output high measurement level (for output SR) +0.20 X Vppo \% 1
VoLdifac) IAC differential output low measurement level (for output SR) -0.20 X Vbpo \% 2
Note:

1. lon = -0.1mA.
2. loL = 0.1mA
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Single Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
Vovac) and Vonac) for single ended signals as shown in Single-ended Output Slew Rate Definition table and Single Ended
Output Slew Rate Definition figure.

Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoL(ac) VoH(ac) [Vonac) - Vorac)] / DeltaTRse
Single-ended output slew rate for falling edge VoHc) VoLac) [VoHac) - Vorac)] / DeltaTFse
Note: 1. Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRse
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Single Ended Output Slew Rate Definition

Output Slew Rate (single-ended)

Value
Parameter Symbol 1 2 Units
Min Max
Single-ended Output Slew Rate (RON = 40Q +/- 30%) SRQse 15 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.

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.

3.  The output slew rate for falling and rising edges is defined and measured between Vorac) and Vonc)-
4. Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
Vouditiiac) @nd Vonditiac) for differential signals as shown in Differential Output Slew Rate Definition table and Differential Output
Slew Rate Definition figure.

Differential Output Slew Rate Definition

Measured
Description Defined by
from to
Differential output slew rate for rising edge VoLdif(ac) Vondifiac)  [Vorditiac) - Voudiacy] / DeltaTRdiff
Differential output slew rate for falling edge VoHdiff(AC) Vouditiac)  [[Vorditiac) - Vouditiacy] / DeltaTFdiff
Note: 1. Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

|
—————— b——————————————————|———§:(~——————V0Hdiﬁmc)

—————— J———\b——————————————(/;‘(-—————————-VOLdiﬂ‘(AC')

Differential Output Voltage (i.e. DOS t-DOS ¢

Delta TFdiff

Differential Output Slew Rate Definition

Differential Output Slew Rate

Value
Parameter Symbol Units
Min Max
Differential Output Slew Rate (Ron = 40Q +/- 30%) SRQiff 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.

2. The output slew rate for falling and rising edges is defined and measured between Vorac) and Vonc)-

3. Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.
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Overshoot and Undershoot Specifications

AC Overshoot/Undershoot Specification

Parameter 1600 1866 2133 Units
Maximum peak amplitude allowed for overshoot area. Max 0.35 v
(See Overshoot and Undershoot Definition figure) '

Maximum peak amplitude allowed for undershoot area. Max 035 Vv

(See Overshoot and Undershoot Definition figure)

Maximum area above Vpp.

(See Overshoot and Undershoot Definition figure) Max 0.10 0.10 0.10 v-ns

Maximum area below Vss.

N . M 1 1 1 V-
(See Overshoot and Undershoot Definition figure) ax 0.10 0.10 0.10 ns

Note:

1. Vpp stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vpp stands for Vppg for DQ, DM, ODT,
DQS _t, and DQS c.

2. Vss stands for Vssca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vss stands for Vssg for DQ, DM, ODT,
DQS_t, and DQS _c.

3. Maximum peak amplitude values are referenced from actual Vpp and Vss values.

4. Maximum area values are referenced from maximm operating Vpp and Vss values.

Maximum Amplitude

Overshoot Area
Volts Vss

(V)

N

Undershoot Area

Maximum Amplitude

Time (ns)

Overshoot and Undershoot Definition

Note:

1. Vpp stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vpp stands for Vppg for DQ, DM, ODT, DQS_t, and
DQS c.

2. Vss stands for Vssca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vss stands for Vssq for DQ, DM, ODT, DQS_t, and
DQS c.

3. Absolute maximum requirements apply.
Maximum peak amplitude values are referenced from actual Vpp and Vss values.
5. Maximum area values are referenced from maximum operating Vpp and Vss values.

»
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Output buffer characteristics

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.

VRet —— 0-3X Vppq

LPDDR3
SDRAM

Output;

HSUL_12 Driver Output Reference Load for Timing and Slew Rate

Note: 1. All output timing parameter values (like toosck, toosa, tors, thz, trere €tC.) are reported with respect to this reference load.
This reference load is also used to report slew rate.

Roneu and Ronep Resistor Definition

(VDDQ'Vout)

R =
N ABS(low)

Note: 1. This is under the condition that Ronpp is turned off

VOUt

R - —_——
NP ABS(low)

Note: 1. This is under the condit ion that Ronpu is turned off

Chip in Drive Mode

Qutput Driver
- — — 7 v
° VDDa
I |
To || Roweu |
other | |
circuitry
iike || o] P9
RCV,
| Rownep | Vo
| odo | v,
L] 550Q

Output Driver: Definition of Voltages and Currents
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Ronpu @and Ronep Characteristics with ZQ Calibration

Output driver impedance RON is defined by the value of the external reference resistor Rzq. Nominal Rzq is 240Q.

Output Driver DC Electrical Characteristics with ZQ Calibration

Ron,Nowm Resistor Vout Min Nom Max Unit Notes
RonsapD 0.5 X Vopo 0.85 1.00 1.15 Rzol7 1,234

34.3Q
Ronsapu 0.5 X Vopo 0.85 1.00 1.15 Rzol7 1,234
Ron4orD 0.5 X Vbpo 0.85 1.00 1.15 Rzo/6 1,234

40.0Q
Ronaopu 0.5 X Vbpg 0.85 1.00 1.15 Rzo/6 12,34
Rona4spp 0.5 x Vopo 0.85 1.00 1.15 Rzo/5 1,234

48.0Q
Ronaspu 0.5 x Vopo 0.85 1.00 1.15 Rzo/5 1,234

Mismatch between 0

pull-up and pull- down Mwpupo -15.00 +15.00 % 12,345

Note:

1.  Across entire operating temperature range, after calibration.

2. RZQ = 24OQ

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.

4. Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 X Vppo.

5. Measurement definition for mismatch between pull-up and pull-down, Mupupp: Measure Ronpu @and Ronep, both at 0.5 x
VDDQZ

R -R
MMpupp = ONPU-RONPD « 100

Ronnowm

For example, with MMpupp(max) = 15% and Roneo = 0.85, Ronpu must be less than 1.0.
6. Output driver strength measured without ODT.
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Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the Tables shown below.

Output Driver Sensitivity Definition

Resistor Vout Min Max Unit | Notes

Ronpu 0.5x VDDQ 85 — (dRONdT x AT ) — (dRONdV X AV ) 115 + (dRONdT x AT ) + (dRoNdV X AV ) % 1,2

Rt 0.5x VDDQ 85 — (dRTTdT X AT ) - (dRTTdV X AV ) 115 + (dRTTdT X AT ) + (dRTTdV x AV ) % 1,2

Note:

1. AT=T-T(@ calibration), AV =V -V (@ calibration)
2. dRondT, dRondV, dRrrdV, and dRrdT are not subject to production test but are verified by design and characterization.

Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRondV Ron Temperature Sensitivity 0.00 | 0.75 % /C
dRondV Ron Voltage Sensitivity 0.00 | 0.20 | %/ mV
dRrdT Rt Temperature Sensitivity 0.00 | 0.75 % /C
dRrdV Ryt Voltage Sensitivity 0.00 | 0.20 | %/ mV

ROV and RO"P Characteristics without ZQ Calibration

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

Output Driver DC Electrical Characteristics without ZQ Calibration

Ron,Nowm Resistor Vout Min Nom Max Unit Notes
Ronzapp 0.5 X Vbpo 24 34.3 44.6 1
34.3Q
Ronsapu 0.5 X Vbpo 24 34.3 44.6 1
Ron4opp 0.5 X Vbpg 28 40 52 1
40.0Q
RON4OPU 0.5x VDDQ 28 40 52 1
Ronaspp 0.5 X Vbpg 33.6 48 62.4 1
48.0Q
Ronaspu 0.5 X Vbpg 33.6 48 62.4 1
6000 RONGOPD 0.5x VDDQ 42 60 78 1
(optional) Ronsopu 0.5 x VDDQ 42 60 78 1
80.0Q Ronsorp 0.5 X Vbpg 56 80 104 1
(optional) Rongopu 0.5x VDDQ 56 80 104 1

Note: 1. Across entire operating temperature range, without calibration.
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Rzq I-V Curve

Ron = 240Q(Rzo)
Pull-Down Pull-Up
Current [mA] / Ron [Ohms] Current [mA] / Ron [Ohms]
Voltage[V] | default value default value
with Calibration with Calibration

after ZQReset after ZQReset

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 1.26 271 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
0.50 151 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 2.17 294 -1.73 -3.93 | -2.17 | -2.94
0.65 1.82 4.21 n/a n/a -182 | 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 | 474 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
0.90 211 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
1.10 221 5.95 n/a n/a -2.21 | -5.95 n/a n/a
1.15 2.23 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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ODT Levels and |-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:
Vbpa
Vopa - Vour
i

Rrreu = (Vopo - Vour) / | lout |

|O
)
|—|

_|
|
_|

-]
T
[

to other
circuitry

Rrteu out

—
L

l_
|
|
|
L4 —

Vour

DQ
Vss

Functional representation of On-Die Termination

ODT DC Electrical Characteristics, assuming Rzo = 240 ohm after proper ZQ calibration

lout
Rt (ohm) Vourt (V) -
Min (mA) | Max (ma)
Rzo/1 0.6 -2.17 -2.94
Rzql2 0.6 -4.34 -5.88
Rzol4 0.6 -8.68 -11.76
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Input/Output Capacitance
Input/Output Capacitance Tables

Input/output capacitance
(TOPER; VDDQ =1.14-1.3V; Vppca = 1.14-1.3V; Vpp1 = 1.7-1.95V, Vpp2 = 1.14-1.3V)

Parameter Symbol mm/ Value Units | Notes
ax

Min 0.5 pF 1,2
Input capacitance, CK_t and CK_c Cck

Max 1.2 pF 1,2

Min 0 pF 1,2,3
Input capacitance delta, CK_t and CK_c Cbck

Max 0.15 pF 1,2,3

Min 0.5 pF 1,2,4
Input capacitance, all other input-only pins C

Max 1.1 pF 1,2,4

Min -0.20 pF 1,2,5
Input capacitance delta, all other input-only pins Coi

Max 0.20 pF 1,25

Min 1.0 pF 1,2,6,7
Input/output capacitance, DQ, DM, DQS_t, DQS_c Coo

Max 1.8 pF 1,2,6,7

Min 0 pF 1,2,7,8
Input/output capacitance delta, DQS_t, DQS_c Cobgs

Max 0.2 pF 1,2,7,8

Min -0.25 pF 1,2,7,9
Input/output capacitance delta, DQ, DM Coio

Max 0.25 pF 1,2,7,9

Min 0 pF 1,2
Input/output capacitance ZQ Pin Czo

Max 2.0 pF 1,2
Note:

1. This parameter applies to die device only (does not include package capacitance).

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is
measured according to JEP147 (Procedure for measuring input capacitance using a vector network analyzer (VNA) with
Vb1, Vo2, Vopg, Vss, Vssca, Vsso applied and all other pins floating.

3. Absolute value of Cck ¢ - Cek .

4, C, appliesto CS_n, CKE, CA0-CA9, ODT.

5. Cp=Cl-05* (CCKJ + CCKJ;)

6. DM loading matches DQ and DQS.

7. MR3 I/O configuration DS OP3-OP0 = 0001B (34.3Q typical)

8.  Absolute value of Cpgs_t and Cpgs_c.

9. Cpio = Cio - 0.5 * (Cpgs_t + Cpos_c) in byte-lane.
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Ioo Specification Parameters and Test Conditions

loo Measurement Conditions

The following definitions are used within the Ipp measurement tables unless stated otherwise:

LOW: V|\ £ ViLipc) MAX

HIGH: Vin 2 VIH(DC) MIN

STABLE: Inputs are stable at a HIGH or LOW level

SWITCHING: See Definition of Switching for CA Input Signals and Definition of Switching for Ippar table.

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 c CK ¢ CK ¢ CK ¢ CK ¢ CK ¢ CK ¢ CK c
(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
CA5 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.
2. 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

3.  The above pattern (N, N+1, N+2, N+3...) is used continuously during lpp measurement for Ipp values that require
SWITCHING on the CA bus.
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Definition of Switching for Ippsr

Clock CKE CS n Clock Cycle Number Command CAJ[0:2] CA[3:9] All DQ
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.
2. The above pattern (N, N+1...) is used continuously during Ipp measurement for lppar.
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Definition of Switching for lppaw

Clock CKE CS n Clock Cycle Number Command CAJ[0:2] CA[3:9] All DQ
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.

2 Data masking (DM) must always be driven LOW.

3 The above pattern (N, N+1...) is used continuously during Ipp measurement for Ippaw.
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Operation Temperature Condition -40°C~85°C

lop Specifications
Iop values are for the entire operating voltage range, and all of them are for the entire standard range.

Notes 1, 2, 3 apply for all values.

Value
Parameter/Condition Symbol Power Unit | Note
Supply | 1600 | 1866 | 2133

Operating one bank active-.precharge current: IoDo1 Vo1 4 4 4 mA
tck = tekmin; tre = tremin; CKE is HIGH,;
CS_n is HIGH between valid commands; Iopo2 Vop2 15 16 17| mA
CA bus inputs are switching;

. ; Vbbca,
Data bus inputs are stable; Ibboin v 6 6 6 mA 3
ODT disabled poQ
Idle power-down standby current: IoD2P1 Vo1 22 292 292 mA
tck = tckmin; CKE is LOW;
CS_n is HIGH; All banks are idle; Iop2p2 Vob2 4 4 4 mA
CA bus inputs are switching;

. ) Vboea,
Data bus inputs are stable; Ibb2pin v 0.1 0.1 0.1 mA 3
ODT disabled poQ
Idle power-down standby current with clock stop: loD2pSs1 VA 292 22 22 mA
CK_t = LOW, CK_c = HIGH;
CKE is LOW: Iop2ps2 Vo2 4 4 4 mA
CS_n is HIGH; All banks are idle;
CA bus inputs are stable; Vboea,
Data bus inputs are stable; loozps,in Vbbo 0.1 0.1 0.1 mA 3
ODT disabled
Idle non-power-down standby current: IoD2NL VA 292 22 22 mA
tck = tckmin; CKE is HIGH;
CS_nis HIGH; All banks are idle; Ibp2n2 Vb2 10 1 12 mA
CA bus inputs are switching; v
Data bus inputs are stable; IbD2N,in VD DCA, 6 6 6 mA 3
ODT disabled boo
Idle non-power-down standby current with clock stopped: | | ..\« Vo1 292 22 22 mA
CK_t=LOW,; CK_c = HIGH,;
CKE is HIGH: Ipp2ns2 Vb2 4 4 4 mA
CS_nis HIGH; All banks are idle;
CA bus inputs are stable; Vbbca,
Data bus inputs are stable; looansin Vbbo 6 6 6 mA 3
ODT disabled
Active power-dqwn standby current: IoD3P1 Vo1 3 3 3 mA
tck = tckmin; CKE is LOW;
CS_n is HIGH; One bank is active; Iopap2 Vop2 4 4 4 mA
CA bus inputs are switching;

; ) Vbbea,
Data bus inputs are stable; Ibp3pin v 0.1 0.1 0.1 mA 3
ODT disabled poQ
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ODT disabled

Parameter/Condition Symbol Power value Unit | Note
Supply | 1600 | 1866 | 2133

Active power-down standby current with clock stop: loD3PS1 Voo1 3 3 3 mA

CK = LOW, CK# = HIGH,;

CKE is LOW: Ipp3pss2 Vb2 4 4 4 mA

CS_nis HIGH; One bank is active;

CA bus inputs are stable; Vbbea,

Data bus inputs are stable; lobgps.in Vbbo 0.1 0.1 0.1 mA 4

ODT disabled

Active non-power-down standby current: IoD3NL Voo1 35 35 35 mA

tck = tckmin, CKE is H|GH;

CS_n is HIGH; One bank is active; Ipanz Vb2 1 12 13 mA

CA bus inputs are switching;

Data bus inputs are stable; loD3N,in V\;’ DCA; 6 6 6 mA 4

ODT disabled poo

Active non-power-down standby current with clock loD3NSL Voo1 3.5 3.5 3.5 mA

stopped:

CK = LOW, CK# = HIGH Ibpans2 Vop2 5 S S mA

CKE is HIGH,;

CS_nis HIGH; One bank is active;

CA bus inputs are stable; lbD3NS,in V\;’DCA’ 6 6 6 mA 4

Data bus inputs are stable; poQ

ODT disabled

Operating burst READ current: IoDart Voo1 4 4 4 mA

tck = tckmin;

CS_n is HIGH between valid commands; Ioparz Vop2 180 195 210 | mA

One bank is active;

BL = 8; RL = RL (MIN);

CA bus inputs are switching; lobar.in Vooca, 6 6 6 mA

50% data change each burst transfer; Voo

ODT disabled

Operating burst WRITE current: IoDaw1 Vooi 4 4 4 mA

tck = tekmin;

CS_n is HIGH between valid commands; lopaw2 Vop2 195 220 245 | mA 4

One bank is active;

BL = 8; WL = WLmin;

CA bus inputs are switching; lobawin Vooca, 6 6 6 mA

50% data change each burst transfer; Vooo

ODT disabled

All-bank REFRESH burst current: Ios1 Vb1 42 42 42 mA

tck = tekmin;

CKE is HIGH between valid commands; Iops2 Vop2 45 45 45 | mA 4

trc = trRrcabmin; Burst refresh;

CA bus inputs are switching; Vbbea,

Data bus inputs are stable; loosin Voo 6 6 6 mA
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Parameter/Condition Symbol Power value Unit | Note
Supply | 1600 | 1866 | 2133

All-bank REFRESH average current: IoDSABL Vb1 3 3 3 mA

tck = tekmin;

CKE is HIGH between valid commands; IbpsaB2 Vb2 10 1 12 mA

trc = RM X treri;

CA bus inputs are switching; Vbbea,

Data bus inputs are stable; lobsag.in Vbbpg 6 6 6 mA 4

ODT disabled

Per-bank REFRESH average current: IoDSPBL Vb1 3 3 3 mA

tck = tekmin;

CKE is HIGH between valid commands; Ibpspe2 Vb2 10 1 12 mA

trc = RM X treri/8;

CA bus inputs are switching; Vbbca,

Data bus inputs are stable; loosee,in Vbpo 6 6 6 mA 4

ODT disabled

Self refresh current (-40°C to +85°C): IoD61 Voo1 3 3 3 mA | 6,7,9

CK_t=LOW, CK_c = HIGH;

CKE is LOW: lbpe2 Vop2 4.5 4.5 4.5 mA | 6,7,9

CA bus inputs are stable;

Data bus inputs are stable; Vbbca,

Maximum 1x self refresh rate; loosin Vbbo 0.1 0.1 0.1 mA #.6,7,9

ODT disabled

Self refresh current (+85°C to +95°C): IDD6ET1 Vb1 3.6 3.6 3.6 mA | 7,8,9

CK_t=LOW, CK_c = HIGH,;

CKE is LOW: lbDeET2 Vo2 6 6 6 mA 7,8,9

CA bus inputs are stable; v

Data bus inputs are stable IpD6ET;in VDDDSQ’ 0.15 0.15 0.15 | mA ©4,7,8,9

ODT disabled

Deep power-down current: CK_t = LOW, CK_c = HIGH; Iobs1 Vb1 0.05 0.05 0.05 mA

CKE is LOW;

CA bus inputs are stable; Iops2 Vop2 0.05 0.05 0.05 mA

ggt? gius sal')rl'z;ts are stable; loein V\/D;:; 005 | 005 | 005 | mA | 4

Note:

1. Published Ipp values are the maximum of the distribution of the arithmetic mean.

2. ODT disabled: MR11[2:0] = 000B.

3. Ipp current specifications are tested after the device is properly initialized.

4. Measured currents are the summation of Vppg and Vppca.

5. Guaranteed by design with output load =5 pF and Ron = 40 ohm.

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.

© N

IopseT IS a typical value, is sampled only, and is not tested.

This is the general definition that applies to full-array SELF REFRESH.

9. Supplier datasheets may contain additional Self-Refresh Ipp values for temperature subranges within the standard or

elevated temperature ranges.

10. For all IDD measurements, VIHCKE =0.8x VDDCA, VILCKE =0.2x VDDCA-
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Ibps Partial Array Self-Refresh Current

Parameter Supply Value Unit
Vbb1 3 mA
V 4.5 mA
Full Array ob?
Vbbea,
0.1 mA
Vbbo
Vbb1 3 mA
Iops Partial Array 1/2 Array Vb2 4.2 mA
: Vbbea,
Self-Refresh Current 01 mA
CK_t=LOW, CK_c = HIGH,; Vbbg
CKE is LOW;
CA bus inputs are STABLE; Voo s mA
Data bus inputs are STABLE; Vb2 4 mA
ODT disabled vaAmay | —
DDCA;
0.1 mA
Vbbo
Vbp1 3 mA
\Y 3.9 mA
1/8 Array op2
Vbbca,
0.1 mA
Vbbg
Note:
1. Iops currents are measured using bank-masking only.
2. Iop values published are the maximum of the distribution of the arithmetic mean.
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Operation Temperature Condition -40°C~85°C

Electrical Characteristics and AC Timing

Clock Specification

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.

Definition for tckvg and nCK

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.

N "\
tCK(avg) = Z (CK,| /N

J =1
where N = 200

Unit ‘tckavg)’ represents the actual clock average tckavg) Of the input clock under operation. Unit ‘nCK’ represents one clock cycle
of the input clock, counting the actual clock edges.
tek(avg) May change by up to +/-1% within a 100 clock cycle window, provided that all jitter and timing specs are met.

Definition for tckaps)
tekeabs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.
tek(abs) IS not subject to production test.

Definition for tchgvg) and tei avg)

tcHavg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.
‘:_\."

tCH(avg) = Z 1CH,| /(N X 1CK(avg))

j=1
where N = 200

teLavg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.
N

tCL(avg) = Z 1CL,|/(Nx 1CK(avg))

j=1
where N = 200
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Definition for tyrpen

tairen is the single period jitter defined as the largest deviation of any signal tck from tek(avg)-
tapen) = Min/max of {tc - tckavg) Where i = 1 to 200}.

turen,act is the actual clock jitter for a given system.

tur(per),@llowed is the specified allowed clock period jitter.

turen IS NOt Subject to production test.

Definition for tyrcc)

tur(co) is defined as the absolute difference in clock period between two consecutive clock cycles.
taree) = Max of [{texi +1 - texi}].

turcc) defines the cycle to cycle jitter.

turee) IS NOt subject to production test.

Definition for terrpen

terr(npen) IS defined as the cumulative error across n multiple consecutive cycles from tckavg).-
terr(npen),act is the actual clock jitter over n cycles for a given system.

terr(npen),@llowed is the specified allowed clock period jitter over n cycles.

terr(npen) IS NOt Subject to production test.

itn—1
tERR(nper) = Z 1CK; | ~n x 1CK(avg)

i=i
terr(npen),min Can be calculated by the formula:
terr(per), min = (1 + 0.68LN(N)) X tair(per), min

tERR(nper),max CaN be calculated by the formula:

terR(nper), max = (1 + 0.68LN(N)) X tyir(per), max

Using these equations, terr(nper) tables can be generated for each tyrper),act Value.
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Definition for duty cycle jitter tyruty)
turduy) is defined with absolute and average specification of tcy / tct.

tJIT(duty),min = M|N((tCH(abs),min - tCH(avg),min), (tCL(abs),min - tCL(avg),min)) X tCK(avg)
t.1IT(duty),ma>( = MAX((tCH(abs),maX - t(:H(avg),max), (tCL(abS),max - tCL(avg),max)) X tCK(avg)

Definition for tCK(abs)a 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.

Definition for tekabs), tcHaps)y and tey(aps)

Parameter Symbol Min Unit
IAbsolute Clock Period tck(abs) tek(avg),min + tar(pen),min ps
IAbsolute Clock HIGH Pulse Width tcH(abs) teH(avg),min + tamduty),min / tck@vgymin tCK(avg)
Absolute Clock LOW Pulse Width tcL(abs) tet (avg)min + LrT(duty),min / tck(avgymin tCK(avg)
Note:

1. tekavg),min IS €xpressed in ps in this table.
2. tiT(duy).min IS @ Negative value.
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Period Clock Jitter

LPDDRS3 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 (turper) in excess of the values found in AC timing table and how to
determine cycle time de-rating and clock cycle de-rating.

Clock period jitter effects on core timing parameters (trcp, tre, trres twrs twras twirs TR trAS: tRRDY TFAW)

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 thPARAM = RU{tparam / tck(avg)}-

When the device is operated with clock jitter outside specification limits, the number of clocks or tckavg) may need to be increased
based on the values for each core timing parameter.

Cycle time de-rating for core timing parameters

For a given number of clocks (tnparam), fOr each core timing parameter, average clock period (tckavg) and actual cumulative
period error (terr(thraram),act) in excess of the allowed cumulative period error (terr(thraram),allowed), the equation below
calculates the amount of cycle time de-rating (in ns) required if the equation results in a positive value for a core timing
parameter.

-

CycleTimeDerating = MAX,

L

( IPARAM + tERR(tWPARAM), act—tERR(tmPARAM), allowed
\ tmPARAM

- IC'Kfm'g)}. 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.

Clock Cycle de-rating for core timing parameters

For a given number of clocks (tnparam) for each core timing parameter, clock cycle de-rating should be specified with amount of
period jitter (tJ|T(per)).

For a given number of clocks (tnparam), fOr each core timing parameter, average clock period (tckavg) and actual cumulative
period error (terr(thparam),act) in excess of the allowed cumulative period error (terr(thraram),allowed), the equation below
calculates the clock cycle derating (in clocks) required if the equation results in a positive value for a core timing parameter.

ClockCycleDerating = R UJ. tPARAM + tERR(tnPARAM), act —tERR(tnPARAM), allowed
loc : er = -
- 1 tCK(avg)

—thnPARAM

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

Clock jitter effects on Command/Address timing parameters (tisca, tinca, tiscs, tincstisckes tiiekes tish, tinbs tiscken,
tiHckeb)
These parameters are measured from a command/address signal (CKE, CS, CAO0 - 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. tyren, 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.
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Clock jitter effects on Read timing parameters

trrPRE

When the device is operated with input clock jitter, trere Needs to be de-rated by the actual period jitter (tyr(pen,act,max) Of the input
clock in excess of the allowed period jitter (tyr(per)alowed,max). Output de-ratings are relative to the input clock.

t.JIT(per), act,max — tJIT(per),aIIowed,max

tRPRE(min, derated) = 0.9 -
tCK(avg)

For example,

if the measured jitter into a LPDDR3-1600 device has tckavg) = 1250 ps, tympen,actmin = -92 ps and tyr(pen,actmax = + 134 ps, then
tRPRE,min,derated = 0.9 - (tJIT(per),act,max - tJIT(per),aIIowed,max)/tCK(avg) =0.9- (134 - 100)/125(): .8728 tek(avg)

tLzo0) thzoo) tboscks tLzpos): tHz(pgs)

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. tir(er).

toshs tost

These parameters are affected by duty cycle jitter which is represented by tchabs)min @nd tcransymin. These parameters determine
absolute Data-Valid Window (DVW) at the LPDDR3 device pin.

Absolute min DVW @ LPDDRS3 device pin = min{ ( tosH(absymin — tbgsomax) » ( tosLbs)min — toosgmax ) } This minimum DVW shall be
met at the target frequency regardless of clock jitter.

tRPST
trpsT IS affected by duty cycle jitter which is represented by tci(abs). Therefore trpst(ansymin Can be specified by tciasmin.
tRPST(abs)min = tCL(abs)min -0.05= tQSL(abs)min
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Clock jitter effects on Write timing parameters

tos, ton

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.
turen, as the setup and hold are relative to the data strobe signal crossing that latches the data.

Regardless of clock jitter values, these values shall be met.

tbss, tosh

These parameters are measured from a data strobe signal (DQSx_t, DQSXx_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. tyrgen, as the setup and hold of the data
strobes are relative to the corresponding clock signal crossing. Regardless of clock jitter values, these values shall be met.

tooss

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
tarper),act of the input clock in excess of the allowed period jitter tyrpen,allowed.

tJIT(p(—:‘r), act,min — tJIT(p(—:‘r),aIIowed,min

tDQSS(min, derated) — 0.75 - " )
CK(avg

tJIT(per), act,max — tJIT(per),aIIowed,max

tDQSS(max, derated) — 1.25 - ’ )
CK(avwg

For example,

if the measured jitter into a LPDDR3-1600 device has tckavg= 1250 ps, tampen,act,min=-93 ps and tyren,act,max= + 134 ps, then
tbass,(min,derated) = 0.75 - (tar(per,@Ct,min - tyir(per,allowed,min)/tckavg) = 0.75 - (-93 + 100)/1250 = 0.7444 tck(avg) and tbgss,maxderated)
=1.25- (tJIT(per),aCt,max - tJIT(per),aIIowed,max)/tCK(avg) =1.25- (134 - 100)/1250 =1.2228 tek(avg)
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LPDDR3 Refresh Requirements by Device Density

LPDDR3 Refresh Requirement Parameters (per density)

Parameter Symbol 4 Gb Unit
Number of Banks 8 -
Refresh Window ¢ 32

Tease =85°C RERW me
Refresh Window 1/2-Rate Refresh trREFW 16 ms
Refresh Window 1/4-Rate Refresh tREFW 8 ms
Required number of REFRESH R 8192 )
commands (min)

average time between |REFab trEFI 3.9 us
REFRESH commands

(for reference only) REFpb treFipb 0.4875 us
Tcase=85°C

Refresh Cycle time trECab 130 ns
Per Bank Refresh Cycle time trFCpb 60 ns

Note: 1. Please refer to LPDDR3 SDRAM Addressing

LPDDR3 Read and Write Latencies

Parameter Value Unit
Max. Clock Frequency 800 933 1066 MHz
Max. Data Rate 1600 1866 | 2133 MT/s
Average Clock Period 1.25 1.071 | 0.938 ns
Read Latency 12 14 16 tek(avg)
\Write Latency (Set A) 6 8 8 tek(avg)
Write Latency (Set B)? 9 11 13 tek(av)
Note:

1. RL=3/WL=1 setting is an optional feature. Refer to MRO OP<7>.
2. Write Latency (Set B) support is an optional feature. Refer to MRO OP<6>.
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AC Timing

Notes 1, 2, 3 and 4 apply to all parameters. Notes begin below table.

Min/ Data Rate .

Parameter Symbol M Unit

ax | 1600 1866 2133

Maximum clock frequency fek - 800 933 1066 MHz

Clock Timing
MIN 1.25 1.071 0.938

Average clock period tekavg) ns
MAX 100
MIN 0.45

Average HIGH pulse width tcH(avg) tekavg)
MAX 0.55
MIN 0.45

Average LOW pulse width teLavg) tek(avg)
MAX 0.55

IAbsolute clock period tek(abs) MIN ns
MIN 0.43

IAbsolute clock HIGH pulse width tcH(abs) tck(avg)
MAX 0.57
MIN 0.43

IAbsolute clock LOW pulse width teL(abs) tck(avg)
MAX 0.57
MIN -70 -60 -50

Clock period jitter (with supported jitter) 1T (pen), allowed ps
MAX 70 60 50

Maximum Clock Jitter between two consecutive

clock cycles (with allowed jitter) Grreop alowed | MAX | 140 120 100 ps

min((tCH(abs),min - tCH(avg),min),

MIN

N ) N teL(abs),min - teLavg),min)) X tek
Duty cycle jitter (with supported jitter) 1T (duty), allowed (tot(abe)min (avg) min) @9 ps
max((tcH(abs),max - tcH(avg)max),

MAX
(tcLabs).max - teLavg),max) X tck(avg)
MIN -103 -88 -74
Cumulative errors across 2 cycles terR(2per), allowed ps
MAX 103 88 74
MIN -122 -105 -87
Cumulative errors across 3 cycles tERR(3per), allowed ps
MAX 122 105 87
MIN -136 -117 -97
Cumulative errors across 4 cycles tERR(4per), allowed ps
MAX 136 117 97
MIN -147 -126 -105
Cumulative errors across 5 cycles tERR(5per), allowed ps
MAX 147 126 105
MIN -155 -133 -111
Cumulative errors across 6 cycles terR(6per), allowed ps
MAX 155 133 111
) MIN -163 -139 -116
Cumulative errors across 7 cycles tERR(7per), allowed ps
MAX 163 139 116
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Min/ Data Rate .
Parameter Symbol M Unit
ax | 1600 1866 2133
. teRR(epen MIN -169 -145 -121
Cumulative errors across 8 cycles pen. ps
allowed MAX 169 145 121
t MIN -175 -150 125
Cumulative errors across 9 cycles ERR(9pen). ps
allowed MAX 175 150 125
t MIN -180 -154 -128
Cumulative errors across 10 cycles ERR(10per), ps
allowed MAX 180 154 128
) terr MIN -184 -158 -132
Cumulative errors across 11 cycles (41pen), ps
allowed MAX 184 158 132
) terRr(L MIN -188 -161 -134
Cumulative errors across 12 cycles (12per), ps
allowed MAX 188 161 134
tERR(nper),allowed MIN =
MIN (1 +0.68In(n) ) x
Cumulative errors across n =13, 14, 15..., 19, 20| terr(npen), 3T (per), allowed MIN pss
CyCleS allowed tERR (nper), allowed MAX =
MAX (1 + 0.68In(n)) x
tJIT(per), allowed MAX
ZQ Calibration Parameters
Initialization calibration time tzanir MIN 1 us
Long calibration time tzocL MIN 360 ns
Short calibration time tzacs MIN 90 ns
Calibration RESET time tzQRESET MIN max(50ns,3nCK) ns
READ Parameters®
MIN 2500
DQS output access time from CK_t/CK_c tbosck psps
MAX 5500
DQSCK delta ShOI‘t6 tbosckps MAX 220 190 165 ps
DQSCK delta medium’ togsckom | MAX 511 435 380 ps
DQSCK delta Iong8 toosckoL | MAX 614 525 460 ps
DQS-DQ skew tboso MAX 135 115 100 ps
DQS output HIGH pulse width tosH MIN tCH(abs) - 0.05 tekavg)
DQS output LOW pulse width tosL MIN tCL(abs) - 0.05 teK(avg)
DQ/DQS output hold time from DQS toH MIN min(tQSH, tQSL) ps
READ preamble® *? treRE MIN 0.9 tekav)
READ postambleg’ B trpsT MIN 0.3 tck(avg)
DQS Low-Z from C|OCk9 tLzpgs) MIN tbosck (iny - 300 ps
DQ Low-Z from clock® tLz(pQ) MIN tbosck,(miny - 300 ps
DQS High-Z from clock® thz(Dos) MAX tbosck,max) - 100 ps
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Min/ Data Rate )
Parameter Symbol Max Unit
1600 1866 2133
DQ High-Z from clock® tizog) | MAX | togsckmax) + (1.4 X tposo max) ps
WRITE Parameters®
DQ and DM input hold time (Vrer based) toH MIN 150 130 115 ps
DQ and DM input setup time (Vrer based) tos MIN 150 130 115 ps
DQ and DM input pulse width toipw MIN 0.35 tek(avg)
MIN 0.75
\Write command to 1st DQS latching transition tboss tek(avg)
MAX 1.25
DQS input high-level width tbosH MIN 0.4 tck(avg)
DQS input low-level width tbgsL MIN 0.4 tek(avg)
DQS falling edge to CK setup time toss MIN 0.2 tek(avg)
DQS falling edge hold time from CK tbsH MIN 0.2 tck(avg)
\Write postamble twpsT MIN 0.4 tek(avg)
\Write preamble twpre MIN 0.8 tek(avg)
CKE Input Parameters
we ] meesmacy [ w
CKE input setup time tiscke’ | MIN 0.25 tek(avg)
CKE input hold time tieke | MIN 0.25 tek(avg)
Command path disable delay tcpoED MIN 2 tek(avg)
Command Address Input Parameters®
IAddress and control input setup time tisca™® MIN 150 130 115 ps
IAddress and control input hold time tiea® MIN 150 130 115 ps
CS_n input setup time tiscs™® MIN 270 230 205 ps
CS_n input hold time tires'® MIN 270 230 205 ps
IAddress and control input pulse width tirwca MIN 0.35 tCK(avg)
CS_n input pulse width tirwes MIN 0.7 tCK(avg)
Boot Parameters (10 MHz-55 MHz)*"" **°
MAX 100
Clock cycle time tekb nsns
MIN 18
CKE input setup time tisckeb MIN 2.5 ns
CKE input hold time tiHckeb MIN 25 ns
IAddress and control input setup time tisb MIN 1150 ps
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Operation Temperature Condition -40°C~85°C

Min/ Data Rate .
Parameter Symbol M Unit
ax | 1600 1866 2133
IAddress and control input hold time tiHb MIN 1150 ps
MIN 2.0
DQS output data access time from CK_t/CK_c tbosckb ns
MAX 10.0
Data strobe edge to output data edge tbosab MAX 1.2 ns
Mode Register Parameters
MODE REGISTER WRITE command period tMrRw MIN 10 tek(avg)
MODE REGISTER READ command period tMRR MIN 4 tekavg)
IAdditional time after txp has expired until MRR ¢ MIN ¢ ns
command may be issued MRRI RCD (MIN)
Core Parameters?®
READ latency RL MIN 12 14 16 tckavg)
WRITE latency (set A) WL MIN 6 8 8 tckavg)
\WRITE latency (set B) WL MIN 9 11 13 tekavg)

tras + trPab

. ith all-bank precharge
ACTIVATE-to- ACTIVATE command period tre min | (Witha precharge) ns
tras + trrpb

(with per-bank precharge)

CKE minimum pulse width during SELF

REFRESH (low pulse width during SELF tekesr MIN max(15ns,3nCK) ns
REFRESH)
dSSIng REFRESH exit to next valid command ter MIN max(treca + 10ns,2nCK) ns
Exit power-down to next valid command delay txp MIN max(7.5ns,3nCK) ns
CAS-to-CAS delay teen MIN 4 tek(avg)
Internal READ to PRECHARGE command delay trTP MIN max(7.5ns,4nCK) ns
trep (fast) max(15ns,3nCK)
RAS-to-CAS delay trep (typ) | MIN max(18ns,3nCK) ns
trep (Slow) max(24ns,3nCK)
trppo (fast) max(15ns,3nCK)
Row precharge time (single bank) trepb (typ) | MIN max(18ns,3nCK) ns
trppb (SlOW) max(24ns,3nCK)
trppab (fast) max(18ns,3nCK)
Row precharge time (all banks) trppab (typ) | MIN max(21ns,3nCK) ns
trPpab (Slow) max(27ns,3nCK)
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Operation Temperature Condition -40°C~85°C

Min/ Data Rate

Parameter Symbol M Unit
ax | 1600 1866 2133

MIN max(42ns, 3nCK) ns
Row active time tras

MAX min(70.2 , 9 X RM X trer) us
WRITE recovery time twr MIN max(15ns, 4nCK) ns
Internal WRITE-to-READ command delay twTr MIN max(7.5ns, 4nCK) ns
IActive bank A to active bank B trrD MIN max(10ns, 2nCK) ns
Four-bank ACTIVATE window teaw MIN max(50ns, 8nCK) ns
Minimum deep power-down time torp MIN 500 us
ODT Parameters

MIN 1.75
IAsynchronous Rt turn-on dely from ODT input topTon nsns

MAX 35

MIN 1.75
IAsynchronous Rrr turn-off delay from ODT input topToft nsns

MAX 35
Automatic Ryt turn-on delay after READ data taopton | MAX togsci + 1.4 X togsqumax *+ ps

tCK(avg,min)

Automatic Ryt turn-off delay after READ data taoDToff MIN tbgsck,min - 300 ps
R+t disable delay from power down entry topTd MAX 12 ns
R+t disable delay from self-refresh, and deep
power down entry toord MAX 12+05tex ns
R+t enable delay from power down and self
refresh exit toote MAX 12 ns
CA Training Parameters
First CA calibration command after CA calibration ¢ MIN 20 t
mode is programmed CAMRD CK(avg)
First CA calibration command after CKE is LOW tcaenT MIN 10 tek(avg)
CA caibration exit command after CKE is HIGH teaexT MIN 10 tek(avg)
CKE LOW after CA calibration mode is
programmed tcackeL MIN 10 tek(avg)
CICr}i<vEerl1-|IGH after the last CA calibration results are, foAcKEn MIN 10 tekavg
Data out delay after CA training calibration
command is programmed taDR MAX 20 ns
MRW CA exit command to DQ tri-state tvrz MIN 3 ns
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Operation Temperature Condition -40°C~85°C

Min/ Data Rate
Parameter Symbol Max Unit
1600 1866 2133
C A calibration command to CA calibration
command delay teaco MIN RU(tapr*2 x tck) tek(avg)
\Write Leveling Parameters
DQS_t/DQS_c delay after write leveling mode is MIN 25
twLDQSEN ns
programmed MAX _
First DQS_t/DQS_c edge after write leveling MIN 40
; twLMRD nsns
mode is programmed MAX _
MIN 0
\Write leveling output delay twro nsns
MAX 20
\Write leveling hold time twin MIN 175 150 135 ps
\Write leveling setup time twis MIN 175 150 135 ps
MIN max(14ns, 10nCK))
Mode register set command delay tMrD nsns
MAX --
Temperature Derating™
DQS output access time from CK_t/CK_c
(derated) tDQSCK MAX 5620 ps
RAS-to-CAS delay (derated) treD MIN trep + 1.875 ns
IACTIVATE-to-ACTIVATE command period
(derated) tre MIN trc + 1.875 ns
Row active time (derated) trAs MIN tras + 1.875 ns
Row precharge time (derated) trp MIN trp + 1.875 ns
/Active bank A to active bank B (derated) trrRD MIN trrp + 1.875 ns
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Operation Temperature Condition -40°C~85°C

Note:

Frequency values are for reference only. Clock cycle time (tck) is used to determine device capabilities.

All AC timings assume an input slew rate of 2 V/ns for single ended signals.

Measured with 4 V/ns differential CK_t/CK_c slew rate and nominal Vx.

All timing and voltage measurements are defined ‘at the ball’,

READ, WRITE, and input setup and hold values are referenced to Vger.

toosckos IS the absolute value of the difference between any two togsck measurements (in a byte lane) within a contig-

uous sequence of bursts in a 160ns rolling window. tpgsckos is not tested and is guaranteed by design. Temperature drift

in the system is < 10 °C/s. Values do not include clock jitter.

7. toosckom IS the absolute value of the difference between any two tpbgsck measurements (in a byte lane) within a 1.6pus
rolling window. tpgsckom is not tested and is guaranteed by design. Temperature drift in the system is < 10 °C/s. Values do
not include clock jitter.

8. toosckoL is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within a 32ms
rolling window. tpgsckoL is not tested and is guaranteed by design. Temperature drift in the system is < 10 °C/s. Values do
not include clock jitter.

9. For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal crosses the
transition threshold (V7). thz and t.z 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 tresr, tHz(DQs) and tHz(DQ)), or begins driving (for trere, tLzpgs), tLZ(DQ))- Figure 10 shows a method to
calculate the point when device is no longer driving thzpgs) and thzog), or begins driving tizpos), tizog) by measuring the
signal at two different voltages. The actual voltage measurement points are not critical as long as the calculation is
consistent.

10. Output Transition Timing

S e

V, Q)
OH -
X 1 f Ve - X mV
Vor+2xY mV 2x X 7 oH-Am
Vau-2x XmV
Vir+Y m\:Z _tz(0as)tLzpoq) ; o
ctual wa, Lt~
Vo —— e 'HZ(DQs),'HZ(DQ) Vit
My =T 0Y Y X VgL +2xX mV
Vir-2xY mV \\ VoL + XmV
v )
T1T2 o~ “TIT2
Start driving point =2 x T1 -T2 End driving point =2 x T1 - T2

11. The parameters tizpos), tLz(pg), tHzpgs), and thzpe) are defined as single-ended. The timing parameters trpre and trpst are
determined from the differential signal DQS/DQS#.

12. Measured from the point when DQS_t/DQS_c begins driving the signal to the point when DQS_t/DQS_c begins driving
the first rising strobe edge.

13. Measured from the last falling strobe edge of DQS_t/DQS_c to the point when DQS_t/DQS_c finishes driving the signal.

14. CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK_t/CK_c crossing.

15. CKE input hold time is measured from CK_t/CK_c crossing to CKE reaching a HIGH/LOW voltage level.

16. Input set-up/hold time for signal (CA[9:0], CS_n).

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

18. The LPDDR3 device will set some mode register default values upon receiving a RESET (MRW) command as specified
in “Mode Register Definition”.

19. The output skew parameters are measured with default output impedance settings using the reference load.
20. The minimum tck column applies only when tck is greater than 6ns.
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Operation Temperature Condition -40°C~85°C

CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total t;s (setup time) and iy (hold time) required is calculated by adding the data sheet
tis(base) and tii(base) value (see CA Setup and Hold Base-Values table) to the At;s and Aty derating value (see Derating values
tIS/tIH - ac/dc based AC150 table) respectively.

Example: tis (total setup time) = tis(base) + Ats.

Setup (tis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer@c) and the first
crossing of Viagmin. Setup (tis) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrer@e) and the first crossing of Viagmax. If the actual signal is always earlier than the nominal slew rate line between shaded
‘VRrerc) to ac region’, use nominal slew rate for derating value (see lllustration of nominal slew rate and tyac for setup time t;s for
CA and CS_n with respect to clock figure). If the actual signal is later than the nominal slew rate line anywhere between shaded
‘VRrer@c) 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
lllustration of tangent line for setup time t;s for CA and CS_n with respect to clock figure).

Hold (tw) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi gemax and the first
crossing of Vrerde)- Hold (tin) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vixdcmin
and the first crossing of Vrer@o). If the actual signal is always later than the nominal slew rate line between shaded ‘dc to Vrer(dc)
region’, use nominal slew rate for derating value (see lllustration of nominal slew rate for hold time tiy for CA and CS_n with
respect to clock figure). If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrer(c)
region’, the slew rate of a tangent line to the actual signal from the dc level to Vrer@e level is used for derating value (see
lllustration of tangent line for for hold time tj4 for CA and CS_n with respect to clock figure).

For a valid transition the input signal has to remain above/below ViuiLac) for some time tyac (see Required time tyac above Vingac)
{below V| ag} for valid transition for CA table).

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) at 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 Derating values t;s/ti - ac/dc based AC150 table, the derating values may obtained

by linear interpolation.
These values are typically not subject to production test. They are verified by design and characterization.

CA Setup and Hold Base-Values

Data Rate
[ps] reference
1600 1866 2133
tiscaase) 75 - - ViHiL(ac) = VREF(de) - 150mV
tiscaase) - 62.5 47.5 ViHiL(ac) = VREF(de) - 135mV
tiHcA(base) 100 80 65 ViniL@e) = VReF(de) +/- 100mV

Note: 1. ac/dc referenced for 2V/ns CA slew rate and 4V/ns differential CK_t/CK_c slew rate.

CS_n Setup and Hold Base-Values

Data Rate
[ps] reference
1600 1866 2133
tiscs(base) 195 - - ViHiLac) = VReF(de) +- 150mV
tiscs(base) - 162.5 137.5 ViHiL(ac) = VREF(de) - 135mV
tiHcs(base) 220 180 155 ViniL@e) = VReF(de) +/- 100mV

Note: 1. AC/DC referenced for 2V/ns CS_n slew rate and 4V/ns differential CK_t/CK_c slew rate.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 126/142



ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

Derating values ts/t)y - ac/dc based AC150

Atisca, Atica, Atiscs, Atincs derating in [ps] AC/DC based
AC150 Threshold -> Viyac)=VRrer(dc)t150mV, Vi ac)=VRrerdc)-150mV
DC100 Threshold -> ViH@ce)=VRrerde)+100mV, ViLde)=VRrer@dc)-100mV

CK_t, CK_c Differential Slew Rate

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

AtlS | AtlH | AtlS | AtIH | AtlS | AtIH | AtlS | AtIH | AtlS | AtIH | AtIS | AtlH

4.0 38 25 38 25 38 25 38 25 38 25 - -
CA CS_n 3.0 - - 25 17 25 17 25 17 25 17 38 29
Slew rate
2.0 - - - - 0 0 0 0 0 0 13 13
V/ins
1.5 - - - - - - -25 | 17 | 25 | -17 | -12 -4

Note: 1. Cell contents shaded in red are defined as ‘not supported’.

Derating values ts/t)y - ac/dc based AC135

Atisca, Atinca, Atiscs, Atincs derating in [pS] AC/DC based
AC135 Threshold -> V|H(ac):VRE|:(dc)+135mV, V||_(ac):VRE|:(dc)-135mV
DC100 Threshold -> V|H(dc):VRE|:(dc)+100mV, V||_(dc):VRE[:(dc)-100mV

CK_t, CK_c Differential Slew Rate

8.0 VIns 7.0 VIns 6.0 VIns 5.0 ViIns 4.0 Vins 3.0 Vins

AtlS | AtIH | AtIS | AtIH | AtlS | AtIH | AtlS | AtlH | AtlS | AtlH | AtlS | AtIH

4.0 34 25 34 25 34 25 34 25 34 25 - -
CA CS_n 3.0 - - 23 17 23 17 23 17 23 17 34 29
Slew rate
2.0 - - - - 0 0 0 0 0 0 11 13
V/ins
1.5 - - - - - - -23 | 17 | 23 | -17 | -12 -4

Note: 1. Cell contents shaded in red are defined as ‘not supported’.
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Required time tyac above Vyac) {below V| )} for valid transition for CA

tvac [ps] @ 150mV tvac [ps] @ 135mV tvac [ps] @ 135mV
Slew Rate [V/ns]
1600Mbps 1866Mbps 2133Mbps
min max min max min max
>4.0 48 - 40 - 34 -
4.0 48 - 40 - 34 -
35 46 - 39 - 33 -
3.0 43 - 36 - 30 -
25 40 - 33 - 27 -
2.0 35 - 29 - 23 -
1.5 27 - 21 - 15 -
<15 27 - 21 - 15 -
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Operation Temperature Condition -40°C~85°C

CKe  ===—=-1 -
\
\
CK_t \ HE N EE - - .-
fis fiy
+—>
VobcA |-~~~ - -
ViHaggmin - — — — — - — — — — — | -— — — A — N\ — 1
VREF to ac
region
ViHaeymin _ _ _ _ _ {_ _ _ _ _ _ oA 1
nominal
slew rate

VREF(@) - —— =@ - —— - ——— ——
nominal
/ slew rate
ViL(dey max — — ¥ i e
VREF to ac
region
V||_(ac)max——-—— - — — - - - — = g = 1
l\fAC
Vssca -4 - — — — — _——]———— — - — — =
— «— —> “«—
ATF ATR

Setup Slew Rate _ VReF(de) - ViL@eMaX_ Setup Slew Rate _ ViH@aeMin - VReF(de)
Falling Signal ATF Rising Signal ATR

Illustration of nominal slew rate and tyac for setup time t;s for CA and CS_n with respect to clock.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 129/142



ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

CKc =====1x -
\
\
CK_t N
lis fin

Lol l e I
ViHamin ==~~~ 7|7~ T~ T T —

Vivgeymino - -+ 1 f

nominal
slew rate
VREF(de- — N\ ———-F————"—t+ - ———— —— - - -
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slew rate ——| dc to Vger
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Viggmax — = "\" T~~~ T T T
Viagy max qo |
Vaseca - ————— — — — — _ 4 — — — A
—> «— — —
ATR ATF

HolldISIeWI Rate _ VReF(de) - ViLiae)MaX  Lo1d Slew Rate _ ViH(deyMin - VREF(dc)
Rising Signal ATR Falling Signal ~ ATF

Illustration of nominal slew rate for hold time t,; for CA and CS_n with respect to clock
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CK c = ——-
CKl @ c——— e - o = -
Vooch T[T T~ i
nominal
line
V mn - - — — — | — — — — — — — — 4+ - — -
‘H(aC) VREF to ac
region
ViHggmin - — — — | — — ) ) E — -
~tangent
line
VReEFdey R —-——-F-————""H- P —|-————-———-\-
Viggmax —~— )W |-~~~ ||~~~ "~
V\L(ac) max - |- — W — — — - -]
nominal
line —> +—
ATR
Vssca e B B i
Setup Slew Rate_tangent Ime[V,H(ac)mm - VREF(dc)]
Rising Signal ~ ATR
—b — ]
ATF ! Setup Slew Rate  tangentline[Vrerqc) - Vi (acymax]
Falling Signal ~ ATF

Illustration of tangent line for setup time t;s for CA and CS_n with respect to clock
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Operation Temperature Condition -40°C~85°C

CK_c

CK_t

Vbpea

ViHagmin - ————[—————— ~ Thominal”
line

VHggmin ~——————————~—p -~ —[|[T———~ z/_ 1

tangent
line — ]

VREFde) -————F—————Kp- @ ————— -
tangent
dc tO VREF line /
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Viggmax ———y— |- ————F|-———————— - — -
Viggmax - — —— S - - -~ |-——————— — -~ — -
Veseca - e -
—»| |-— —» -
ATR ATF
Hold Slew Rate_ tangentline [ Vrer(qc) - ViL(ggmax ]
Rising Signal ~ ATR

Hold Slew Rate _ tangentline [ Viygemin - Vrer(gc) |
Falling Signal ~ ATFE

Illustration of tangent line for for hold time t;; for CA and CS_n with respect to clock

Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023
Revision: 1.0 132/142



ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM) the total tps (setup time) and tpn (hold time) required is calculated by adding the data sheet
tos(base) and tpn(base) value (see Data Setup and Hold Base-Values table) to the Atps and Atpn (see Derating values tis/tiy -
ac/dc based AC150 table) derating value respectively.

Example: tps (total setup time) = tps(base) + Atps.

Setup (tos) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer@c) and the first
crossing of Vinagmin. Setup (tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrer@e) and the first crossing of Vi agmax (see lllustration of nominal slew rate and tvac for setup time tps for DQ with respect to
strobe figure). If the actual signal is always earlier than the nominal slew rate line between shaded ‘Vrerqc) 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 ‘Vrer(dc)
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
lllustration of tangent line for setup time tps for DQ with respect to strobe figure).

Hold (tor) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi dgmax and the first
crossing of Vrer@e). Hold (ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vin@egmin and the first crossing of Vrer@c) (see lllustration of nominal slew rate for hold time tpy for DQ with respect to strobe
figure). If the actual signal is always later than the nominal slew rate line between shaded ‘dc level to Vrer(c) 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 Vrer(dc)
region’, the slew rate of a tangent line to the actual signal from the dc level to Vrer@c) level is used for derating value.

For a valid transition the input signal has to remain above/below Ve for some time tvac (see Allowed time before ringback
tovac for DQS_t/DQS_c table).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached viriLac) at the
time of the rising clock transition) a valid input signal is still required to complete the transition and reach ViuL(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.

Data Setup and Hold Base-Values

Data Rate
reference
[ps] 1600 1866 2133
tos(base) 75 - - ViHiL@e) = VREF@de) /- 150mV
tos(base) - 62.5 47.5 ViHiLae) = VREF@e) /- 135mV
tDH(base) 100 80 65 VIH/L(dc) = VREF(dc) +/- 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.
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Operation Temperature Condition -40°C~85°C

Derating values LPDDR3 tps/tpy - ac/dc based AC150

AtDS, AtDH derating in [ps] AC/DC based

AC150 Threshold -> Vinac)=VRer(dc)+150mYV, Vi (ac)=Vrer@dc)-150mV DC100 Threshold ->
ViHde)=VRer(de)+100mV, Vi dc)=VRrer(dc)-100mV

DQS_t, DQS_c Differential Slew Rate

8.0 V/ns 7.0 Vins 6.0 Vins 5.0 V/Ins 4.0 VIns 3.0 V/ns
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

4.0 38 25 38 25 38 25 38 25 38 25 - -

DQ. DM 3.0 - - 25 17 25 17 25 17 25 17 38 29

Slew rate
2.0 - - - - 0 0 0 0 0 0 13 13
Vins

1.5 - - - - - - -25 | -17 | -25 | -17 | -12 -4

Note: 1. Cell contents shaded in red are defined as ‘not supported’.

Derating values LPDDR3 tps/tpy - ac/dc based AC135

AC135 Threshold -> V|H(ac):VRE|:(dc)+l35mV, V||_(ac)=VRE|:(dc)-l35mV DC100 Threshold ->

AtDS, AtDH derating in [ps] AC/DC based

ViH(de)=VRer(de)+100mV, Vi gc)=Vrer(dc)-100mV

DQS _t, DQS_c Differential Slew Rate

8.0 V/ns 7.0 Vins 6.0 Vins 5.0 V/ns 4.0 VIns 3.0 V/ns
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

4.0 34 25 34 25 34 25 34 25 34 25 - -

DQ, DM 3.0 - - 23 17 23 17 23 17 23 17 34 29

Slew rate
2.0 - - - - 0 0 0 0 0 0 11 13
Vins

1.5 - - - - - - -23 | -17 | -23 | -17 | -12 -4

Note: 1. Cell contents shaded in red are defined as ‘not supported’

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Dec. 2023
Revision: 1.0




ESMT M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

Required time tyac above Ve {below V| g} for valid transition for DQ, DM

tvac [ps] @ 150mV tvac [ps] @ 135mV tvac [ps] @ 135mV
Slew Rate [V/ns]
1600Mbps 1866Mbps 2133Mbps
min max min max min max
>4.0 48 - 40 - 34 -
4.0 48 - 40 - 34 B,
3.5 46 - 39 - 33 -
3.0 43 - 36 - 30 -
25 40 - 33 - 27 -
2.0 35 - 29 - 23 -
15 27 - 21 - 15 -
<15 27 - 21 - 15 -
Elite Semiconductor Microelectronics Technology Inc Publication Date: Dec. 2023

Revision: 1.0 135/142



M55D4G32128A (2R)

Operation Temperature Condition -40°C~85°C

VREF(dc)

V||_(dC) max

ViL(acymax - — + —

Vssa

Setup Slew Rate _ VREF(dc) - ViL(acjmaX
Falling Signal

region

M

-
\
\
o
tps toH
—>

nominal

/ slew rate

ATF

ATF

ATR

Rising Signal

nominal
slew rate

Setup Slew Rate _ ViH(ac)Min - VReF(dc)

ATR

Illustration of nominal slew rate and tysc for setup time tps for DQ with respect to strobe
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Operation Temperature Condition -40°C~85°C

nominal
slew rate

VREF(de- — N\ ———-F—-————"—+—-—"P———— —— - P— -

nominal

slew rate —] dc to Vgep

region
ViLggmax — — "\ |~~~ 1T ]
ViLagymax qo |
Vssq @@ -—————— —— —— -t - ——— — — — — 1 — -
— l«—— —  |—
ATR ATF

Hold Slew Rate _ VReF(c) - ViL@oMaX  Hoid Slew Rate _ ViH(eyMin - VRer(de)
Rising Signal ATR Falling Signal ~ ATE

lllustration of nominal slew rate for hold time tpy for DQ with respect to strobe
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Operation Temperature Condition -40°C~85°C

DQS_c =====- - -
A\
\
t f
Ds | toH
Vopo T T T T T T T T T~ T——-

nominal
line

VREFdey R ——F—————
Viggmax ~— W |-~~~ [~~~
VREF to ac
region
ViLaeymax _ [} SN I E————
nominal
line —> —
tvac ATR
Vssa -] = — = = — = — — -
Setup Slew Rate _ tangent line[Viyacymin - Vrer(dc)l
Rising Signal ~ ATR
— L« ]
ATF | Setup Slew Rate  tangent line[Vrep(4e) - Vi (acjmax]
Falling Signal = ATF

Illustration of tangent line for setup time tps for DQ with respect to strobe
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Operation Temperature Condition -40°C~85°C

nominal
line

dec to VREF
region tangent
line — |
VReF@e) - — ———p—————-Hp- @ ——— — — —
tangent
region
Viggmax - ——y |-~~~ ®|-———————— -1
Viaggmax - ——— R - - > |-———————~— - -
Vssa @ ~———————— —— —)—-——————— = — + — -
—| - — -—
ATR ATF
Hold Slew Rate_ tangentline [ Verer(ge) - V) (ggymax ]
Rising Signal ~ ATR
Hold Slew Rate _ tangentline [ Vjygeymin - Vrer(ce) ]
Falling Signal ~ ATF

lllustration of tangent line for for hold time tpy for DQ with respect to strobe
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Operation Temperature Condition -40°C~85°C

PACKING DIMENSIONS
178-BALL (11x11.5 mm)
Pin#1 ind D
Teide ™

- L
V ) %
- < 1<
e Z Lo
A solqler ball — -~ H‘
D1 seating plane <C
e ob
R i petal A
SIS
22532022322 |
N O 0O0O0oO0 O 00O0O0 L
c2es3|3sees
BN
. lcocoo0oo ooooo@%
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.00 0.039
Aq 0.16 0.28 0.006 0.011
A, 0.61 0.71 0.024 0.028
(O 0.25 0.31 0.36 0.010 0.012 0.014
10.90 11.00 11.10 0.429 0.433 0.437
E 11.40 11.50 11.60 0.449 0.453 0.457
D, 9.60 BSC 0.378 BSC
E; 10.40 BSC 0.409 BSC
0.80 BSC 0.031BSC
0.65 BSC 0.026 BSC

Controlling dimension: Millimeter.
(Revision date: Nov. 17. 2021)
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Important Notice

All rights reserved.

No part of this document may be reproduced or duplicated in any form or by
any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the
time of publication. ESMT assumes no responsibility for any error in this
document, and reserves the right to change the products or specification in
this document without notice.

The information contained herein is presented only as a guide or examples
for the application of our products. No responsibility is assumed by ESMT for
any infringement of patents, copyrights, or other intellectual property rights of
third parties which may result from its use. No license, either express, implied
or otherwise, is granted under any patents, copyrights or other intellectual
property rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To
minimize risks associated with customer's application, adequate design and
operating safeguards against injury, damage, or loss from such failure,
should be provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as,
but not limited to, life support devices or system, where failure or abnormal
operation may directly affect human lives or cause physical injury or property
damage. If products described here are to be used for such kinds of
application, purchaser must do its own quality assurance testing appropriate
to such applications.
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