ESMT

M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

LPDDR3 SDRAM

8M x 16 Bit x 8 Banks
LPDDR3 SDRAM

Feature

® Ultra-low-voltage core and I/O power supplies
- Vppt =1.70-1.95V
- VD|:)2, VDDCA. VDDQ =1.14-1.30V
®  Organization
- 8M words x 16 bits x 8 banks
® JEDEC LPDDR3-compliant
® 4KB page size
- Row address: R0-R12
- Column address: C0-C9 (x16 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

Bidirectional/differential data strobe per byte of data
(DQS)

Differential clock inputs (CK_t and CK_c)

® Data mask (DM) for write data

Ordering Information

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: 4,096 cycles/32ms

- Average refresh period: 7.8us
Partial-array self refresh (PASR)

- Bank masking

- Segment masking

Deep power-down (DPD)

Programmable drive strength (DS)

On-die termination (ODT)

Product ID M?:n::;'q' 3\:';7821:; RL WL \‘,';’s; 1‘\',':';20 Package | Comments
M55D1G1664A-GFBIG2Y 1066 2133 16
M55D1G1664A-EEBIG2Y 933 1866 14 1.8V/1.2V 17BSGT” Pb-free
M55D1G1664A-CDBIG2Y 800 1600 12
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Operation Temperature Condition -40°C~85°C

LPDDR3 SDRAM Addressing

Items 1 Gb (64 Mb x16)
Device Type S4
Number of Banks 8

Bank Addresses BAO-BA2
treri (us) 7.8

Row Addresses R0-R12
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

Publication Date: Aug. 2025
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Block Diagram
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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: Aug. 2025
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BALL CONFIGURATION (TOP VIEW)
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Ball Descriptions

Ball Name Type Function
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
CK_t CK_c Input and C.KE, a're sampled a.t the p@itivel 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.
Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
CKE Inout therefore device input buffers and output drivers. Power savings modes are entered and exited
P through CKE transitions. CKE is considered part of the command code. CKE is sampled at the
positive Clock edge.
Chip Select: CS_n is considered part of the command code and CS_n is sampled at the
CS_n Input o
positive Clock edge.
CA[n:0] Input DDR Command/Address Inputs: Uni-directional command/address bus inputs.
' P CA is considered part of the command code.
DQ[n:0] I/10 Data Inputs/Output: Bi-directional data bus. n=15 for 16 bits DQ.
Data Strobe (Bi-directional, Differential):
The data strobe is bi-directional (used for read and write data) and differential (DQS_t and
DQS[n:0]_t, /0 DQS_c). Itis output with read data and input with write data. DQS _t is edge-aligned to read
DQS[n:0]_c data and centered with write data.
DQSO0_t and DQSO0_c correspond to the data on DQO - DQ7; DQS1_t and DQS1_c to the data
on DQ8 - DQ15.
Input Data Mask:
DM is the input mask signal for write data. Input data is masked when DM is sampled HIGH
DM[n:0] Inout coincident with that input data during a Write access. DM is sampled on both edges of DQS _t.
' P 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.
On-Die Termination: This signal enables and disables termination on the DRAM DQ bus
OoDT Input , o . .
according to the specified mode register settings.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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Ball Name Type Function
VDD1 Supply Core power supply 1: Core power supply.
VDD2 Supply Core power supply 2: Core power supply
VDDCA Supply Igsf;letr:.eceiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c input
vDDQ Supply 1/0 Power Supply: Power supply for Data input/output buffers.
VREF(CA) Supply %ﬂf;%?cg:glggi:oggﬁ(:;r;rg;fg irajr::t(tl)z?fterrzl' Input Receiver: Reference voltage for all
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 /0 Ground.
ZQ /0 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: Aug. 2025
Revision: 1.0 6/143
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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 @nd Viimax. The device outputs remain at High-Z while CKE is held LOW.

Following the completion of the voltage ramp (Tb), CKE must be maintained LOW. DQ, DM, DQS_t and DQS_c voltage levels
must be between vssq and Vppq 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

Vb1 must be greater than Vpp2—200 mV

Vop1 and Vppz must be greater than Vppca—200 mV

Ta is reached
Vop1 and Vpp2 must be greater than Vppa—200 mV

Vker must always be less than all other supply voltages

Note:

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

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

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

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

Beginning at Tb, CKE must remain LOW for at least tINIT1, after which CKE can be asserted HIGH. The clock must be stable at
least tinr2 prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must observe setup and hold
requirements (tis, tin) 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 tcko. MRW commands can be issued at
normal clock frequencies as long as all AC timings are met. Some AC parameters (for example, toasck) could have relaxed
timings (such as tpasckn) 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 tzqiniT-

2. RESET Command: After tinTs 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 tint4 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 tinr4 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 tinirsmax) 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 tinrsmax) or until the DAI bit is set before proceeding.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.0 7/143
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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 tzqit.

5. Normal Operation: After tzaint (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

DQ

Voltage Ramp and Initialization Sequence

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

2. For tir values, see Initialization Timing Parameters table.

3. After RESET command (time Te), Ry 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: Aug. 2025
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Initialization Timing Parameters

Value
Parameter Min Max Unit Comment

tiniTo - 20 ms Maximum voltage-ramp time

tiniT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
tinime 5 - 'CK Minimum stable clock before first CKE HIGH

tiniTs 200 - us Minimum idle time after first CKE assertion

tiniTa 1 - us Minimum idle time after RESET command
tinirs - 10 uS Maximum duration of device auto initialization
tzainiT 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 tinrsmax) 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

Publication Date: Aug. 2025
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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 Vppca); 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 Vppa 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

Vop1 must be greater than Vppo—200mV

Vbop1 must be greater than Vppca—200mV

Txand Tz
Vbp1 must be greater than Vppa—200mV

Vrer must always be less than all other supply voltages

The voltage difference between any of Vss, Vssa, 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. Vpp1 and Vpp2 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 Unit Comment
Min Max
'POFF - 2 s Maximum Power-off ramp time
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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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# <I¥I:2> Function Access | OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

0 00y Device Info. R RL3 (S\(,a\iLB) (RFU) (OS’[iZOCr:lal) (RFU) DAI

1 014 Device Feature 1 W nWR (for AP) (RFU) BL

2 02y Device Feature 2 W \[\S S:I\(/aI::t (RFU) | nWRE RL & WL

3 03y I/0 Config-1 w (RFU) DS

4 044 Refresh Rate R TUF (RFU) Refresh Rate

5 05H 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 09y Test Mode w Vendor-Specific Test Mode

10 0AH IO Calibration W Calibration Code

1 0BY ODT Feature (RFU) CPT?_ DQ ODT
12:15 | 0CH~OFH (reserved) (RFU)

16 104 PASR_Bank w PASR Bank Mask

17 114 PASR_Seg w PASR Segment Mask
18-31 | 124-1Fy (Reserved) (RFU)

32 204 ba g:{itzrr‘;”g“ R See “DQ Calibration”
33:39 | 214~27H4 (Do Not Use)

40 28y bQ g:iitt;:ra]tign R See “DQ Calibration”

4 29y CA Training 1 w See “Mode Register Write - CA Training Mode”

42 2AYy CA Training 2 w See “Mode Register Write - CA Training Mode”
43:47 | 2BH~2FH (Do Not Use)

48 30H CA Training 3 w See “Mode Register Write - CA Training Mode”
49:62 | 31H~3EH (Reserved) (RFU)

63 3FH Reset W X
64:255| 404~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> = 00):

oP7 oP6 OP5 | OP4 | OP3 | OP2 | OP1 | OPO
RzQl
RF DAI
RL3 | WL (Set B) Support | (RFU) (optional) (RFU)
DAI 0g: DAl complete

Read-only |OP<0>

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

00g: RZQ self test not supported

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

RzQl . ;
(Built in Self Test for RZQ Read-only [OP<4:3> 10B:ZQ-pin may short to GND 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)

0g: DRAM does not support WL (Set B) |WL (Set B)

WL (Set B) Support Read-only |OP<6> 1g: DRAM supports WL (SetB) Option

Support
0g: DRAM does not support RL=3,
nWR=3, WL=1 .
RL3 Option Support Read-only |OP<7> |1g: DRAM supports RL=3, nWR=3, gtsp?;fttlon
WL=1
for frequencies =166
Note:
1. RZzQl, 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: Aug. 2025
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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

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

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

110g: nWR=8

111g: n"WR=9

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

010g: "WR=12

100g: "WR=14

110g: n"WR=16

All others: reserved

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

Burst Sequence

Burst Cycle Number and Burst Address Sequence
C2 | C1/|CO0 | BL

1 2 3 4 5 6 7 8
Og | O | OB 0 1 2 3 4 5 6 7
O | 1B | OB 2 3 4 5 6 7 0 1
18|0g|0B| & | 4 5 6 7 0 1 2 3
B|'B|0B 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: Aug. 2025
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MR2_Device Feature 2 (MA<7:0> = 024):

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

WR WL T RFU) | nWRE RL & WL

Lev | Select

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

0001g: RL = 3/ WL = 1 (<166 MHz, optional ')
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, optional1)
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 MHz)

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

nWRE Write-only | OP<4> 1g: enable nWR programming > 9 (default)
0p: Select WL Set A (default)
WL Select Write-only |OP<6> 2
1g: Select WL Set B (optional®)
0p: disabled (default)
WR Leveling Write-only |OP<7>
1g: enabled
Note:
1.  See MRO, OP<7>
2. See MRO0, OP<6>
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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MR3_I/O Configuration 1 (MA<7:0> = 03R4):

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

(RFU) DS

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

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

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

DS Write-only | OP<3:0>
1001g: 34.3Q typical pull-down, 40Q typical pull-up
1010g: 40Q typical pull-down, 48Q typical pull-up
1011g: 34.3Q typical pull-down, 48Q typical pull-up
All others: reserved
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025

Revision: 1.0 15/143



ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

MR4_Device Temperature (MA<7:0> = 04)

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 X tREFI, tREFIMpb = 4 X tREFIpb, tREFWM = 4 X
tREFWO010B: RM = 2; tREFIM = 2 X tREFI, tREFIMpb = 2 X tREFIpb,
tREFWM = 2 X tREFW
011g: RM = 1; tReFIM = tREFI, tREFIMpb = REFIpb, tREFWM =
SDRAM tREFW(<=85°C)

Reféf;:‘eg?te’ Read-only | OP<2:0>|100B: RM = 0.5; tREFIM = 0.5 X tREFI, tREFIMpb = 0-5 X tREFIpb, tREFWM
Multiplier (RM) = 0.5 x tReFW, do not de-rate SDRAM AC timing

101g: RM = 0.25; tReFim = 0.25 x tREF|, tREFIMpb = 0.25 X tREFIpD,
tREFWM = 0.25 x tRgFW, do not de-rate SDRAM AC timing
110g: RM = 0.25; tReFim = 0.25 x tREFl, tREFlMpb = 0.25 x tREFlpb,
tREFWM = 0.25 x tReFwy, 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.
Upc(i_?BeFI;Iag 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. LPDDRS devices shall be de-rated by adding 1.875 ns to the following core timing parameters: trcp, tre, tras, tre, and trro.
toasck shall be de-rated according to the tpasck 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 M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

MRS5_Basic Configuration 1 (MA<7:0> = 05H):

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

LPDDR3 Manufacturer ID

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

Manufacturer ID encodings

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Revision 1D1

Revision 1D1 Read-only | OP<7:0> |00000000p: A-version

Note: 1. MRG6 is vendor specific.

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Revision ID2

Revision 1D2 Read-only | OP<7:0> |00000000p: A-version

Note: 1 MR7 is vendor specific.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

MRS8_Basic Configuration 4 (MA<7:0> = 08BR):

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

I/O width Density Type

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

all others: Reserved

0100g: 1Gb
0101g: 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/0 width Read-only | OP<7:6> |01g:x16

all others: reserved

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

vendor-specific test mode

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Calibration Code

OxFF: Calibration command after initialization

0xAB: Long calibration

Calibration | \y it _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.

b=
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ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

RFU PD CTL DQ ODT

00g: Disable (Default)

01g: RzQ/4 (see Note1)

DQ ODT Write-only | OP<1:0>

10B: Rz@/2

11B: RzQ/1

0pg: 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> = 0CH-0FH):

MR16_PASR_Bank Mask (MA<7:0> = 010H):
OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Bank Mask

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

OoP Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXX1XX Bank 2
3 XXXXAXXX Bank 3
4 XXXIXXXX Bank 4
5 XXTXXXXX Bank 5
6 XTXXXXXX Bank 6
7 1 XXXXXXX Bank 7
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

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

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
Segment Mask
Segment <7:0> Wiite-only |OP<7:0> 0p: refresh enable to the segment (=unmasked, default)
Mask 1g: refresh blocked (=masked)
1Gb
Segment OP Segment Mask
R12:10
0 0 XXXXXXX1 0008
1 1 XXXXXX1X 001p
2 2 XXXXX1XX 0108
3 3 XXXXIXXX 011s
4 4 XXX1XXXX 1008
5 5 XXIXXXXX 1018
6 6 XTIXXXXXX 1108
7 7 TXXXXXXX 1118
Note:
1. This table indicates the range of row addresses in each masked segment. X is do not care for a particular segment.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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Operation Temperature Condition -40°C~85°C

MR18-31_Reserved (MA<7:0> = 012} - 01F):

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

MR33:39_(Do Not Use) (MA<7:0> = 21H-27R):

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

MR41_CA Training_1 (MA<7:0> = 294):
Writes to MR41 enables CA Training. See Mode Register Write - CA Training Mode.

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

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

MR48_CA_Training_3 (MA<7:0> = 30H):
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> = 3FH): MRW only

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

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

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

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M55D1G1664A (2Y)

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, CA0 LOW, and CA1 HIGH at the rising edge of the clock. The bank
addresses BAO to BA2 are used to select the desired bank. Row addresses are used to determine which row to activate in the
selected bank. The ACTIVATE command must be applied before any READ or WRITE operation can be executed. The device
can accept a READ or WRITE command at 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 trp, respectively. The minimum time interval between successive ACTIVATE commands to the

same bank is determined by the RAS cycle time of the device (trc). The minimum time interval between ACTIVATE commands
to different banks is trrp (see Simplified Bus Interface State Diagram figure).
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e T oy | | T | 'llll [T
1 T L E, o o W I | '
] T | T I T [ | I [l “ T I ‘ |
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 traw 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 trawms) 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 traw window 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 treab, Which is greater
than tRppb.
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Operation Temperature Condition -40°C~85°C
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[Cmd]< Nop ><Command>< Nop ><Command> —

Il:j HIGH or LOW (but a defined Ioglc 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

I‘ll‘n‘
CK_t/CK_c |

Tx+1

- — S — (I

CKE

‘ [ 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 Viucke 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

Burst Read Operation

The burst READ command is initiated with CS_n LOW, CAO0 HIGH, CA1 LOW, and CA2 HIGH at the rising edge of the clock. The
command address bus inputs CAS5r—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 tpasck delay is measured. The first valid data is available RL x tck + tbasck + tbasa 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.

RL-1 RL RL + BL2
CK_c 4&3.- < oy f7
s r_ﬁﬁ.,_h.\ - —n \‘T——"\ ———— \a———'-' i et ¥ W o
- N n__. _1'|I .{L___f\ /L__,)\ /L_._.;\x ?JFL__.,f\ f{L__.«\. ./L__,;‘\. /:
- i | Ioasck < HEDCE)
» 1| || b zpas) N

DQS_c wrivrrrrssisirrissirss\ vrrs/rsisisss /7,
A A A N A
Das t ////////////////////////|“/////////////////
| v ¢ e |\ AL LLLLL

-
T TITT T TT T ITTITTT, /‘//7_|| ll TITTTITITTITT, 7///*'

Da L N \ 5 ;. \/
I R N A R A A Ut
A A \ B AR IAR IS SIS \ —u;

< l| i
- Lal
| [
|
D Transitioning data
Read Output Timing
Note:
1. tbasck can span multiple clock periods.

2. An effective burst length of 8 is shown.
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8, tpasck < tek

Burst Read: RL = 12, BL
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Operation Temperature Condition -40°C~85°C
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toasckoL timing

Note: 1. tpasckpLmax is defined as the maximum of ABS(tpasckn - tbasckm) for any {tbasckn ,tbasckm} pair within any 32ms rolling
window.
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fDQSCKDM-IIDQSCKn-fDQSCKmI

toasckom timing

Note: 1. tpasckommax is defined as the maximum of ABS(tbasckn - tbasckm) for any {tbasckn,tbasckm} pair within any 1.6us rolling
window.
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Operation Temperature Condition -40°C~85°C
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Note: 1.tpasckpsmax is defined as the maximum of ABS(ipasckn - tbasckm) for any {tbasckn ,tpasckm} 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(tbasckmaxy/tck) + BL/2 + 1 — WL clock cycles.

T0_

CK YK ¢ Hﬁ rﬂﬁmjlm ELHIY MI_EDJ
e EEEN -

| L | g4 g i

| i [P | [ i kbenmd ) | ] ] i 1 )
F.J--|-|-|rL—LlrL—I'!rI——Hr.l---Hr'——'-\ F e T e I Sl T e I L I I
[Cmd]l—+ mEap R wor H woP K NoP W REMD ¥ NOP M NOP H NOP H REAB H NoP K NoP H
l"'r“_'l“'l'_r'"|__|""'l——-""r'—r""r_""__F“'l__l""l“‘:""l__J"__"Ll
| 1 1 | i | o 1 ' [ 1 | 1 | | ! !
DAs ¢ A T L i ey s T
R P P ///f//////////// ¥ i [ [ I ] ! |
A LT AL LIS LS j | ! 1
DQS t AL AL LTSS IS ] ] |_J i [ IJ () |
- | | 1 1 1 ' 1 i ] 1 ] ] ] ] I I
| | 1 1 | i ] ¥ L
7 T ATTTT
s / o || LI il | 1 ] ||
DQ iy //iﬁ’;ﬁ';’;/ 7 ?Z’ ﬁ‘;ﬁ/ﬁ/ /ﬁﬁ/ fE |b\=«a 'IDH'I u‘ L' ED,.-{D o [},,J
B R T R ~q -51 5&”. x| u;,ﬁJ m. 4L|\m “
i i . 0 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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Operation Temperature Condition -40°C~85°C

Burst Write Operation

The burst WRITE command is initiated with CS_n LOW, CAQ 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 tpass delay is measured. The first valid data must be driven WL x tck + tpass 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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twere Calculation

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

CK t

CK_ci----

Iy ppi: DEEINS

Tl

DQS t-DQS ¢ !
,\\PKI
Resulting differential signal

relevant for 7, specification

Method for Calculating tywpre Transitions and Endpoints

twesT Calculation

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

CK e~~~

DOQS t-DOS ¢———— =ifmmme— Qi b == QY — —

Resulting differential
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specification
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~T2
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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( tWTR/tCK)].
2. twTr starts at the rising edge of the clock after the last valid input datum.
T5 T? TQ T10

cﬂ_,.w LFUL J.JL )

|

¢

me
Col Addr C

CAQ-9 Ea'i:M ElantN |'
*.mnm ol AdirA || A n.MiE Cokdid) |
I

T8
"_

.' _.n'\
M:LLJ_;

o)

emdl - { wite ){'.,I\\ }( |

a4 |
I

DQS_c ///// ///////// ‘,///////
L 'Iﬁfﬁﬁ/?/

DQS_t oo ||I////////

| 1 1

/////////////// LA

DQS /////////////// A
ELLLLELEL LIS /////////////
LT T ////// PSP,

:

Seamless burst write: WL =4, tccp = 4
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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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CEseszz max toass 'll“ll Qs Smax L
DQS-_ct RN ‘\\\ ‘\Ilak \_‘_.l’lr__\L_}!_F\\__f ‘WL JFWLJ_@
- A
> TMIMIMIMOSEOOEEOMY
DM \\\\\\ DR Q\ \\\; ‘l‘\\ = §\ \\\ /_\ N Y\\:
I

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, CAO0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising edge of the clock. The PRECHARGE
command can be used to precharge each bank independently or all banks simultaneously.

The AB flag and the bank address bits BAO, BA1, and BA2 are used to determine which bank(s) to precharge. The precharged
bank(s) will be available for subsequent row access trpap after an all-bank PRECHARGE command is issued, or trppy 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 (trrab) 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 (CAd4r) BA2 (CA9r) BA1 (CAS8r) BAO (CAT7r) Precharged Bank(s)
0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 DON'T CARE DON'T CARE | DON'T CARE All Banks
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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. trte 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 Read Followed by Precharge
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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.

LPDDRS 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 feltemm=nd Command” to “To Command” DTS | e
Read Precharge (to same Bank as Read) BL/2 + max(4, RU(tre/tck)) - 4 clks 1
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(trTp/tck)) - 4 clks 1,2
Precharge All BL/2 + max(4, RU(trtp/tck)) - 4 clks 1
+ -
Activate (to same Bank as Read w/AP) BL/2 + max(d, RU(treftex)) - 4 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(toasckmax/tck) - WL + 1
Read or Read W/AP (same bank) lllegal clks 3
Read or Read w/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 Al WL + BL/2 + RU(twr/tck) + 1 clks 1
WL + BL/2 + RU(twr/t
| Activate (to same Bank as Write w/AP) 14 /RU(tR:)E/\;VCI,i/)CK) clks 1
Write w/AP 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, CAO 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

- trrcpp has been satisfied after the prior REFpb command

- trp has been satisfied after the prior PRECHARGE command to that bank

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

The target bank is inaccessible during per-bank REFRESH cycle time (trrcpn), 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:

- trrcpp Must be satisfied before issuing a REFab command

- trRrcpb 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
- trrcpp 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
- trrcpn 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:
- trrcab 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
trrcpb 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 treri (or 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 treri (9 X trerim = 9 X RM X treri) (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 treri). At any given time, a maximum of 16 REF commands can be issued within 2 X treri (2 X trerim = 2 X RM X treri)

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 trer)
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max intervai = 9 x tREFIM (= 9 x RM x tREFI)

DRAM must be idle DRAM must be idle

[ TmeBreak [ Dontcare
Refresh Command Timing

Note:
1. Only NOP commands allowed after Refresh command registered untill trrc(min) €xpires.
2. Time interval between two Refresh commands may be extended to a maximum of 9 X trerim (= 9 X RM X trer).

tREFIM ( = RM x tREFI)

ﬂ\*

BREF- Commands postponed

Postponing Refresh Commands

tREFIM (= RM x tREF1)

“‘|\““ ‘|““““ “glﬁEHM{:g‘RMﬂEFI\"
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8 REF-Commands pulled-in

A

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 trepw and the refresh interval beceomes trerpiv = RM X trerr. ; 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.”
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T0

‘FL TI LDD. JJ i ELL )
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s EEIT ) Dﬁﬁf"ji::' i ae

[Cmd] {Prlechar?ex Nopl>< Nopl REFab ><:N: H REFab H Nmp( ANY }\ }
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I : I : I : [ f I .|f I : [ “ I !

All-Bank REFRESH Operation
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| \u | i | : | || Refresn to Bank 1 | \ Actwrle command| to Bank 1
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I : I I I

Per-Bank REFRESH Operation

1] [

Note:

1. In the beginning of this example, the REFpb bank is pointing to bank 0.
2. 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, CAO0 LOW, CA1
LOW, and CA2 HIGH at the rising edge of the clock. CKE must be HIGH during the previous clock cycle. CKE must not go LOW
while MRR, MRW, READ, or WRITE operations are in progress. To ensure that there is enough time to account for internal delay
on the CKE signal path, two NOP commands are required after CKE is driven LOW, this timing period is defined as tcrpep. 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 (Vop1, Vbpz, and Vppca) must be at valid levels. Vppa may be turned off during Self-Refresh. Prior to
exiting Self-Refresh, Vppa must be within specified limits. Viema and Vieica may be at any level within minimum and maximum
levels (see Absolute Maximum DC Ratings). However prior to exiting Self-Refresh, Viepa and Vrweica 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 tckesrmin. The user may change the
external clock frequency or halt the external clock tcepep 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 txsr 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 txsr for proper operation. NOP commands must be
registered on each positive clock edge during the Self Refresh exit interval txsr. For the description of ODT operation and
specifications during self-refresh entry and exit, see section On-Die Termination.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is raised
for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at least one REFRESH command (8 per-bank or 1
all-bank) is issued before entry into a subsequent Self Refresh.
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toKE SR min) I tXSR{mmJ
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 txsr 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 LPDDRS3
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.
LPDDRS 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

Seg?&eé‘:xas" Bank 0 | Bank 1 | Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7
Ba("h'n';';"g)s‘k 0 1 0 0 0 0 0 1
Segment 0 0 M M
Segment 1 0 M M
Segment 2 1 M M M M M M M M
Segment 3 0 M M
Segment 4 0 M M
Segment 5 0 M M
Segment 6 0 M M
Segment 7 1 M M M M M M M M

Note: 1. This table illustrates an example of an 8-bank LPDDR3 device, when a refresh operation to bank 1 and bank 7, as well
as segment 2 and segment 7 are masked.
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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, CAO0 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 + tbasck + tbasa 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.
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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(tpasckmax/tck) + 8/2 + 1 - WL clock cycles.
5. Minimum Mode Register Read to Mode Register Write latency is RL + RU(tbasckmax/tck) + 8/2 + 1clock cycles.

6. In this example, RL = 8 for illustration purposes only.
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XREAD to MRR Timing

Only the NOP command is supported during tmrr.
The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.

Note:
1.
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.

Tx+1 Tx+5 Tx+6 T)(+'rr Tx+8 Tx+0
W I{—In'_'l-'_ =l ﬂr'— i ;.
CK_t/CK_ cl h”/ -m—‘:'lL _}\ Il/lr K_} .. 1_} \\_/T '! L 1
1 1 || : RL 1

I I
| —3\_ it Ly

oo G L LT LT g
(Cmd] { — ,I"."'. X )ﬂ. X Valid ;\ }( MRR }( )( )

| ol i rl r—“—ﬂ\ Il f——\ l’ LT e : o | i
base | N1 {1 YI] B Y N N G
DQS_t o i i i i i
R T L"J L JL'* | I T R I B
| ; I|:|.! ; M II| IN5.M£ lNL | . | . | . | -
I ‘ S ‘(:} CMD not allowed
| . vl . . I ;
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 turr.

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.

¥ ey L o — Yy —4, -
CK_tICK_c { 1 j e fF i \[ . .’l 3, .! i . ,{ 'l. | A -'l 1‘ : .,i §
i o Bl el i i | i i i i . i
: : \, 7 ol Y ’ T . -
CKE ! ; ! : J i | L\ /
! I :-‘;-\( ! i
csn { [\ \ .
: | : -—u [mlnj—v—l- i E-'i—tm.a—i—,-"- i
f [ V. TR - { wioe | LT | N |
CALSD] | I : I JX W\:.IEI :]: vaLID ::tl N{-.':P :’: NCI|P .ll‘. VALD ,'l. wN!.ll: k}.nun ,|]- WALID ::{ \r.-\.:.m x WALID ]IL NOF .K: N?P >::=‘-ALID JI- vALD II|
[Cmnd] | , , , x - EXITFD ::ﬁ: .: HOR , :l: NALID |EI|::-uIMITﬁ|' 1:(: \E&_a (Excagt MSR) ::{ . MRAR : \‘l: HOF ): : VALID }
Notes:l I - I I I I
1. Any valid command from the idle state except MRR
2. tummi = treo
MRR Following Power-Down Idle State
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Temperature Sensor

LPDDRS 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.

LPDDR3 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 trg;.

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. LPDDR3 devices shall allow for 2°C temperature margin between the point at which the device

updates the MR4 value and the point at which the controller re-configures the system accordingly.

In the case of tight thermal coupling of the memory device to external hot spots, the maximum device temperature might be

higher than what is indicated by MR4.

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

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

- Readlnterval 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 (ReadlInterval + trs; + SysRespDelay) < 2 C

Temperature Sensor

Parameter Symbol Max/Min Value UnitNotes
. . System o

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 T

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

10°c o
3 x (Readinterval + 32ms + 1ms) < 2C
In this case, ReadInterval shall be no greater than 167 ms.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025

Revision: 1.0 50/143



M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

Temp
'y
: < (trs) * Readinterval + SysRespDelay)

Device ':,jk/
Tempa [ — T — — — — —— — — T — T - - -0 0= = -0 —_=

Margin /4/

_——/
=
oradiett—"
2°% ‘(g_“P/i(
/ﬂ"/
//
e
MRavw | _ | —— | ] N | A | SN | | | —
Trip Level | — %
trsi
MR4 = 0x03 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x86 MR4 = 0x0§ » Time
[ =

Temperature

Sensor

Update

|
L Readinterval K, Sysfesplieley.,
Host al i
MR4 Read

MRR MR4 = 0x03

Temp Sensor Timing

MRR MR4 = 0x86

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Aug. 2025

Revision: 1.0

51/143



ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

DQ Calibration
LPDDRS devices feature a DQ Calibration function that outputs one of two predefined system timing calibration patterns. A Mode
Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the specified pattern on DQ[0] and DQI[8] for x16 devices.

For x16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or may drive Ob during the MRR
burst.

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 1 0 1 0

Pattern “B” (MR40) 0 0 1 1 0 0 1 1

Das_t, I
DQs_c BL=6

Dafo]
Daf7:1}
Dafg)
Daf15:9%
Daf16]
Da23:1#

DaQ[24]
Daf31:25}

Pattern A Pattern B

.CMD not allowed

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 CA1f-CAO0f, 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.

T0 Ti T2 Tx+ 1 Tx+2f Ty Ty +1 Ty +2

f—yr Ay 1'1—4- ﬁl'ﬁ e —"—',I'— =l .“.II." A A A
K_t/CK ] I
- o I J‘I";.JIL J L _.' W T _||' J .J\;.ﬁ j.\_j -
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[cmdl  { wRw (_)L} MRW LJL .5\< — )< >\,

r,._ JRW

I
— ! i IH vl
' ‘ (:) CMD not allowed ‘ ke [

lup.:l

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 0xFCh.

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

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 Idl
(All Banks Idle) anks idie
Mode Register Writing
All Banks Idle MRW (All Banks Idle) All Banks Idle
MRW (RESET) | resetting All Banks Idle
(Device Auto-Init)
Mode Register Reading .
MRR (Bank(s) Active) Bank(s) Active
Bank(s) Active  yryy Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed

|L 1y W— _l’.._ L
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AA'E
[Cmd] —'—\

To Te
NS alatetatntetela
i | I 1

CKE

o,
AR P | Foy

(Opi\onal} <

fwr T.‘il

ﬂLlJﬁf . |

{) 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. LPDDR3 devices support ZQ calibration.

There are four ZQ calibration commands and related timings: tzainiT, tzareseT, tzact, and tzacs. tzanir is for initialization calibration;
tzareser is for resetting ZQ to the default output impedance; tzqcy 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.

LPDDRS3 devices are subject to temperature drift rate (Tanfrate) and voltage drift rate (Varifrate) in various applications. To
accommodate drift rates and calculate the necessary interval between ZQCS commands, apply the following formula:

ZQCorrection

= Calibrationinterval
(TSens x Tdriftrate) + (VSens x Vdriftrate)

Where Tsens = MAX (ARONAT) and Vsens = MAX (dRondV) define temperature and voltage sensitivities.
For example, if Tsens = 0.75%/°C, Vsens = 0.20%/mV, Tgritrate = 1°C/sec, and
Varitrate = 15mV/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 (tzain, tzacL, or tzacs). 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
tzaniT, tzacs, and tzacL 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.
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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.
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CA Training Sequence

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

b)  CA Training session: Calibrate CAO, CA1, CA2, CA3, CA5, CAB, CA7 and CA8 (see CA to DQ mapping (CA Training mode
enabled with MR41) table)

c) CA to DQ mapping change: Mode Register Write to MR48

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

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

CACHEL tC AR HCACD
CKE < < |—
q‘JkiﬁﬂED P .(.iﬁﬂfl.
Y )
o
T
e

OO0 frsdeais s s s
e

IS
S
A
B P

e
S
BRI
R
IR
e
e

I

Imegular clock )
period and Optional

Optional

Don't Care

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 MR48 training
sequences must be completed before exiting the training mode (MR42). To enable a CA to DQ mapping change, CKE
must be driven HIGH prior to issuance of the MRW 48 command.

3. Because data out control is asynchronous and will be an analog delay from when all the CA data is available, {fADR 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.

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, tcamro start with the rising clock edge of the last CS_n assertion.

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

d) twrz 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/DQ1and 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) )

CA0 CA1 CA2 CA3 CA4 CAS5 CA6 | CA7 CA8 CA9

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

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

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

CA0 CA1 CA2 CA3 CA4 CA5 CA6 | CA7 CA8 CA9

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

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

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

CA0 CA1 CA2 CA3 CAS5 CA6 CA7 CA8 Clock edge
DQO DQ2 DQ4 DQ6 DQ8 DQ10 | DQ12 | DQ14 CK_t rising 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) )

CA0 CA1 CA2 CA3 CA4 CAS5 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 tpass, tpss, 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 tpass 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 twipasen. After time twivrp, the controller provides DQS
signal input which is used by the DRAM to sample the clock signal driven from the controller. The delay time twimrb(max) 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 twLo. 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.

CK_t
CK ¢

CAD9

[Cmd]

Write Leveling Timing
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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 Vppq 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 K
To other | | Vopa |
circuitry | | R |
like i ~ __pvr, 'T1 T i
ROV, ... | | F-.wtcn |
L ' . DQ, DQS, DM
\ [
s e am e comiessRee e -

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 Ryt 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, tODToi‘f,min,max-

Minimum Ryt turn-on time (tobton,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 (topTon,max) is the point in time when the ODT resistance is fully on.
topTon,min and topton,max are measured from ODT pin high.

Minimum Ryt turn-off time (toptofr,min) is the point in time when the device termination circuit starts to turn off the ODT resistance.
Maximum ODT turn off time (topTefr,max) i the point in time when the on-die termination has reached high impedance. toptoff,min
and toproffmax are measured from ODT pin low.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.0 62/143



ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

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

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

Minimum RTT enable time (tootemin) 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 (1opTte,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 toptd minmax. After a self refresh exit command is registered, termination will be enabled
within a time window specified by topte,min,max-

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
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Automatic ODT Timing During READ Operation Example for RL = m
Note:

1. The automatic Ryt turn-off delay, taoptor, is referenced from the rising edge of “RL-2” clock at Tm-2.
2. The automatic Ryt turn-on delay, taopton, is referenced from the rising edge of “RL+ BL/2” clock at Tm+4.

T3 Tm-2 Tm

oDT ‘Q/’ 707 /m/j‘) Aﬁﬁﬁfﬂiﬁ// A &
DRAM_RTT | ODTON X // ODT OFF y ODTON d)
toDTd tODTe
B ——

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. tooTd 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
tceoen. 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
tcke,min is satisfied. Vrerca must be maintained at a valid level during power-down.

Vppa can be turned off during power-down. If Vppq is turned off, Vrerpa must also be turned off. Prior to exiting power-down, both
Vopa and Vrerpa 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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Lo (BSCKE | 111 T*™ Uscke o L
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Lnter Power-Down mode Exit Power-Down mode
teke(ming

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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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.
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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(tbasckmaxy/tck) + BL/2 + 1 clock cycles after the clock on which the READ
command is registered.
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READ with Auto Precharge to Power-Down Entry

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

2. CKE can be registered LOW at RL + RU(tpasck/tck)+ BL/2 + 1 clock cycles after the clock on

is registered.
BL/2 with trrp = 7.5ns and trasmin) is satisfied.
4. Start internal PRECHARGE.

w

which the READ command
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WRITE to Power-Down Entry

Note: 1. CKE can be registered LOW at WL + 1 + BL/2 + RU(tWR/tCK) clock cycles after the clock on which the WRITE

command is registered.

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Aug. 2025
Revision: 1.0 67/143



ESMT M55D1G1664A (2Y)
Operation Temperature Condition -40°C~85°C

T+l Tx+2 Tx+3 Tx+4

Tm+2 Tm+3 Tm+4 Tm+5 Tx

TD T1 Tm Tm+1
CK e 4y .\..1":". v ey .'r.ll..., e (R L (RER
CK_t J"_FL'J"_: «_l*_}_/’u S U S S . S .
[CMD] | —{ wra ) .|: : ; i - " PRER ' i
: : I /| > hscke ! i
CKE ! T 1] i . i
' v E‘L“S l [ o
bQ ! ! .__\,L!!! \a)< Xo :_)(DXD)D)(_" : ! ! ! !

] _-— —'I"| - ol . _-__r_ rﬂﬁ —_— | '

' ' b . _.— "\r_‘ 3 I ' '

pasc ! ! ! ' ' [

WRITE with Auto Precharge to Power-Down Entry

Note:
CKE can be registered LOW at WL + 1 + BL/2 + RU(WR/{CK) + 1 clock cycles after the WRITE command is registered

1.

2. Start internal PRECHARGE.

T2 T3 T4 T
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REFRESH Command to Power-Down Entry

Note: 1. CKE can go LOW tucke after the clock on which the REFRESH command is registered

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.0 68/143




ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

o U 0 O O 0 O O O
R e

] 1
CKE! | . : : , : ! ; : : : ! :
1 i|ch'hcl ' 1 1 1 1 1 " 1 [l 1 1
: 1 lesiliscke : ! ! : ! : : : )

ACTIVATE Command to Power-Down Entry

Note: 1. CKE can go LOW at tiicke after the clock on which the ACTIVATE command is registered.
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CKE . . : : : i
v lHekE
: : ‘hscke | i '

[CMD] : (pme }—t

PRECHARGE Command to Power-Down Entry

Note: 1. CKE can go LOW tycke after the clock on which the PRECHARGE command is registered.
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MRR to Power-Down Entry
Note:
1. CKE can be registered LOW RL + RU(tbasck/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.

sy e Ll Yo =
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[CMD] | “VRW - j '
; bRy
CKE | : : |

7
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MRW to Power-Down Entry

Note: 1. CKE can be registered LOW tyrw after the clock on which the MRW command is registered.
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Deep Power-Down

Deep Power-Down is entered when CKE is registered LOW with CS_n LOW, CAO 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 tcpoep.

CKE LOW will result in deactivation of command and address receivers after tcroep has expired. All power supplies must be
within specified limits prior to exiting Deep Power-Down. Viepq and Vieica 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
2ty (min)
e el SEREAE NS
CK t L. I_,'I;___f-__J',__ {_.|'-_'f L ._.}'._-T._.' 13 S (S, N
i tcppep: ! Input clock frequency may be changed g a Lok bl Bodled
— L*fﬁ-fcmlf Lo :Ol' the i.tlp‘lf; clock sto;;led during Deep Pou-ger—Dom:L: : : = ‘wr]‘q —'200 U$ (nhi F?J': -
R [ I
CKE T N N T NN 1 KKI \\‘I L . | \\l
[ g | [ |
| T""_ £ | Lo
|
b

| I
! |
| |
) o
| ; |
[

(;HES_?)

trp [ Ioep
—_—F
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 LPDDRS 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 SDRAMSs support input clock frequency change during CKE LOW under the following conditions:

tekabs)min 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, trp) have been met prior to changing the frequency;

The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
The clock satisfies tcHabs) and teiabs) for @ 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.

LPDDRS 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 tcHabs) and teiabs) for a minimum of 2 clock cycles prior to CKE going HIGH.

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

tek(apsymin iIs 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, turw, tMrR, €tC.) 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 tciiabs) 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, trr, €tC.) have been met prior to stopping the clock;

® The LPDDR3 SDRAM is ready for normal operation after the clock is restarted and satisfies tchans) and tciias) 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_n LOW 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)
DRAM CKE
S CS_N|CAO0|CA1|CA2|CA3|CA4 CA5|CA6 |CA7|CA8 CA9 ég(éltz
Command CK_t(n-1)| CK_t(n)
L L|L|L/|L |[MAOMA1T MA2MA3 MA4 MA5 Ex
MRW H H
X |MA6|MA7|OP0|OP1|OP2 |OP3|OP4 |OP5 OP6 | OP7
K.
L L|L|L|H MAO MAT MA2MA3 MA4 MA5 B
MRR H H
X |MA6|MA7 X
K=
L L|L|H]|L X
=
Refresh (per bank) H H
X X
R
L L|L|H|H X
Refresh (all bank) H H =
X X
R
H L L|L|H X —
Enter Self Refresh L
X X X
E=
L L | H|R8|R9 | R10|R11|R12 |BAO| BA1 BA2 s
Activate (bank) H H
X |RO|R1|R2|R3|R4 | R5 | R6 | R7 |[R13|R14
R
L H | L | L [RFURFU| C1 | C2 BAO|BA1|BA2 Ex
Write (bank) H H
X |AP®/ C3|C4 C5|/C6 | C7 | C8|C9 C10| C11
K=
L H | L | H|RFURFU| C1 | C2 BAO|BA1|BA2 s
Read (bank) H H
X |AP®|C3|C4|C5/C6|C7 | C8|C9 | C10|C11
B
L H|H | L|H|AB| X | X |BAO|BA1|BA2
Precharge 11 (per bank, =
H H
allbank) X | X | X | X[ X | X | X | X|X| X ]|X
R
H L H|H] L X
Enter L K
Deep Power Down
X X X
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I
L H|H/|H X
NOP H H =
" X 3
Maintain PD, SREF, DPD L H|H/|H X _1‘_
(NOP) L L
see note 4 X X
B
H X
NOP H H —f_
X X xS
X X
Maintain PD, SREF, DPD L L _f
see note 4 X X
KN
H H X
Enter Power Down L J_
X X X <3
L H X
_f
Exit H
PD, SREF, DPD
X X X I

Note:

1.

All LPDDR3 commands are defined by states of CS_n, CAQ, 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 tcppep 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 Vppq 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"?
De"';?a&‘*‘{ rent CI:E"' CKEn|CS_n | command n® Operationn®  |Device Next State|Notes
Maintain Active Power| Active Power
. L L X X
Active Power Down Down
Down i i
L H H NOP Exit Active Power Active 7
Down
L | L | x X Maintain die Power |1 power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 7
Maintain Resetting | Resetting Power
L L X X
. Power Down Down
Resetting Power
Down . .
L | H | H NOP ExitReselling POWer | le or Resetting | 7, 10
own
L L X X Malntalansvip Power 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 Active Power
Bank(s) Active H L H NOP Active Power Down Down
Enter
H L H NOP ldle Power Down Idle Power Down
Enter
All Banks Idle H L L Self-Refresh Enter Self Refresh Self Refresh 11
Enter Enter
H L L | Deep Power Deep Power Down
D Deep Power Down
own
Resetting H L H NOP Enter Resetting Power| Resetting Power
Down Down
H H Refer to the Command Truth Table
Note:
1. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
2. 'X'means ‘Don’t care’.
3. “Current state” is the state of the LPDDR3 device immediately prior to clock edge n.
4. “CKEn” is the logic state of CKE at clock rising edge n; “CKEn-1”" was the state of CKE at the previous clock edge.
5. “CS_n"is the logic state of CS_n at the clock rising edge n;
6. “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.
7. Power Down exit time (txp) should elapse before a command other than NOP is issued. The clock must toggle at least twice

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.

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 Vppa.
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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
ldle 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 1
Write Select column, and start write burst Writing 1"
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 trp 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 trp is met. Once trp 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 trp 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 trrcps is met. Once trrcpb
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 trrcap is met. Once trrcab 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 tyrr 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 tyrr 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 turw 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 trp 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

Cirfr;':nitra‘te command for - gperation Next State for Bankm | 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
ROX (:Aﬁ(\:/tei}va()ting, 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 ldle MR Resgr(ﬂnog; 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 txsr 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 trp 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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5. The following states must not be interrupted by any executable command; NOP commands must be applied during each
clock cycle while in these states:

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

6. trrp 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, traw must be satisfied.

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

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

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

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

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

12. 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.

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

14. 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.

15. A Read command may be applied after the completion of the Write burst, burst terminates are not permitted.
16. 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
\Vbp1 supply voltage relative to Vss Vbb1 04| 23 \% 1
\Vbpz supply voltage relative to Vss Vbb2 04| 1.6 V 1
\Vbpca supply voltage relative to Vssca Vbpca 04| 16 \% 1,2
Vbpa supply voltage relative to Vssa Voba 04| 1.6 V 1,3
\Voltage on any ball relative to Vss ViN, Vour | -04 | 1.6 V

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. VRrerca 0.6 X Vppca; however, Vrerca may be Vppca provided that Vrgrca 300mV.

3. VREFDQ 0.7 x VDDQ; however, VREFDQ may be VDDQ provided that VREFDQ 300mV.

4 Storage Temperature is the case surface temperature on the center/top side of the 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
Vbp1 1.70 1.80 1.95 Core Power1 \%
Vpp2 1.14 1.20 1.30 Core Power2 \Y
Vbbea 1.14 1.20 1.30 Input Buffer Power \Y,
Vbba 1.14 1.20 1.30 1/0O Buffer Power \Y
Note:
1. Vpp1 uses significantly less current than Vppa.

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 I -2 2 UuA | 1,2
\Vrer supply leakage current IvRer -1 1 uA | 3,4

Note:

1. For CA, CKE, CS_n, CK_t, CK_c. Any input OV = VIN= 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 Vrerpa pins should be minimal.

3. Vrerpa = Vbba/2 or Vrerca = Vopea/2. (All other pins not under test = 0V)

Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
Standard -40 85 C
Toper
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 85C 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 |OgiC high VRef + 0.150 Note 2 VRef + 0.135 Note 2 V 1,
VILCA(AC) AC input |OgiC low Note 2 VRef -0.150 Note 2 VRef -0.135 \Y 1,
ViHca(Dc) DC input logic high VRer + 0.100 Vbbpca VRef + 0.100 Vbbpca \% 1
ViLcapc) DC input logic low Vssca VRef - 0.100 Vssca VRef - 0.100 Vv 1
Ref Volt f * * * *
VRefca(DC) Ce Aearﬁgcgs_on ?r?;utcs),r 0.49 *Vopca | 0.51*Vppca | 0.49*Vppca | 0.51*Vppca | V | 3,4

Note:
1. For CA and CS_n input only pins. Vret = VReica®C)-
2. See “Overshoot and Undershoot Specifications”

3. The ac peak noise on Vgreica may not allow Vgerca to deviate from Vrercaipcy 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 * Vbpca Note 1 \Y, 1
ViLcke CKE Input Low Level Note 1 0.35*VppcA | V 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

1600 1866/2133
Symbol Parameter Unit | Notes
Min Max Min Max
ViHpa(ac) AC input logic high | Vger + 0.150 Note 2 Vet + 0.135 Note 2 vV 1125
ViLbaac) AC input logic low Note 2 VRef - 0.150 Note 2 VRef - 0.135 vV |1,2,5
ViHpa(oo) DC input logic high | Vger + 0.100 Vooa Vier + 0.100 Vooa v ]
Vibapo) DC input logic low Vssa VRet- 0.100 Vssa VRet- 0.100 \% 1
VRefpa(pC)
Refi Voltage f . . X .

(DQ ODT © eDrCesT]%eM |?'|paugt§ o 049 VDDQ 051 VDDQ 0.49 VDDQ 051 VDDQ V 3’ 4
disabled)
\
( SSDS(ED)?F Reference Voltage for| Voptr/2 - Voptr/2 + VobTr/2 - Voprr/2 + v s

DQ, DM inputs 0.01 * Vopa 0.01 * Vona 0.01 * Vona 0.01 * Vooa 5,
enabled)

Note:

1. For DQ input only pins. VRef = Vrepa(pc).
2. See “Overshoot and Undershoot Specifications”

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

4. For reference: approx. Vppa/2 +/- 12 mV.
For reference: approx. VopTr/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.
2Ron + Ryt

Ron + Rrr

o

Vopr = x Vppq
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Vref Tolerances

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

It shows a valid reference voltage Vrert) as a function of time. (Vrer stands for Vreica and Vremq likewise). Vpp stands for Vppca
for Vrefca and Vppa for Vrema. VRefpc) is the linear average of Vrert) Over a very long period of time (e.g. 1 sec) and is specified
as a fraction of the linear average of Vppq or Vppca 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 Vgefty may
temporarily deviate from Vgefipc) by no more than +/- 1% Vpp. Vreft) cannot track noise on Vppq or Vooca if this would send Vrer
outside these specifications.

A voltage
Vop
4
Vret(t)
VRet ac-noise —
g VRef(DC)max
e T T o VReﬂDC)nom
VRef(DC)min
4]
Vss
>
time

lllustration of Vgespc) tolerance and Vges ac-noise limits

The voltage levels for setup and hold time measurements Vinac), Vinoc), Vilac) and Vigpc) are dependent on Vger. “Vrer “ shall be
understood as Vrefpc), as defined in lllustration of Vrerpc) 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 Vrer(pc)
deviations from the optimum position within the data-eye of the input signals.

This also clarifies that the LPDDRS3 setup/hold specification and derating values need to include time and voltage associated with
VRrer ac-noise. Timing and voltage effects due to ac-noise on Vger 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

7 Vpp +0.35V
f\U Viig

Minimum VIL and VI Levels \

Vi

IHAC) Viniac)
V| f\

IH(DC) Vinpe)

\ Vgrer + AC noise

Vger + DC enro;

Vgrer - DC error
VREF - AC noise

)

L ViLoe
f ViLipoe) o)
ViLiac)

ViLiac)

Vss

S

\/ Vs - 035V

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, Voo stands for Vppa.
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 Vssa.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.0 86/143



ESMT M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

AC and DC Logic Input Levels for Differential Signals

Differential signal definition

differential
voltage
A

tovac

VHDIEEREIMIN. e i s s o S st T ST S

ViprrpgMIN- - £ — — — > N
p

]
CK_t-CK_c

- DQS_t-DQS_c

VilorrpoMAX | ]

N
ViloirragMAX | ]

half cycle

tovac

P 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
V|Hdiff(dc) Differential input high 2 X (VIH(dc) - VRef) note 3 \ 1
V||_diff(dc) Differential input low Note 3 2 X (V||_(dc) - VRef) \Y 1
Vinaitiac)  [Differential input high ac 2 X (ViH(ac) - VRef) Note 3 \Y 2
ViLgifac)  [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 Vin/ViL(dc) of CA and Vrerca; for DQS_t -
DQS_c, use Vin/Vidce) 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/ViL(ac) of CA and Vrerca; for DQS_t - DQS_c, use Vin/ViL(ac) of DQs and Vreroq; if @
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 (ViHc) max, ViL@de)miny for single-ended signals as well as the limitations for overshoot
and undershoot. Refer to.

4. For CK_t and CK_c, VRef = VRrefcapc). For DQS_t and DQS_c, VRef = Vrea(pc).-
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Allowed time before ringback tpyac for DQS_t/DQS_c

tovac [ps] @

tovac [ps] @

tovac [ps] @

Slt[a\\an;?te |Vin/Ldittac)l = 300mV | |Vin/Laiffac)l = 270mV |  |Viu/Lditf(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 -

Allowed time before ringback tpyac for CK_t/CK_c

tovac [ps] @

tovac [ps] @

tovac [ps] @

S"[’\‘Znﬁte VinlLaitao) = 300mV | [VislLaitrao) = 270mV | [Vin/Laitrao)l = 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 Vsenacmin / VsEL(ac)max in every half-cycle.

DQS_t, DQS_c shall meet VseHgacmin / VseLac)max 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.

Vooea o Vopa

VsEH(aomin

CK_t, CK_c

Vppeal2 of Vopa/2
DQS_t, orDQS_c

VSEL(ac)max

VsseaBfVgsg more swrmre — swrwrs s — swrirs — e s o lime

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 Vppa/2 for DQS_t, DQS_c and Vppca/2 for CK_t, CK_c; this is nominally the same. The transition of
single-ended signals through the ac-levels is used to measure setup time. For single-ended components of differential signals the
requirement to reach VsgL(acmax, VseH(ac)min has 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_c

Value
Symbol Parameter Unit | Notes
Min Max
Single-ended high-level for strobes (Vopa / 2) +0.150 note 3 V 1,2
VsEH(AC150)
Single-ended high-level for CK_t, CK_c (Vooca/ 2) +0.150 note 3 V 1,2
Single-ended low-level for strobes note 3 (Vopa / 2) - 0.150 \% 1,2
VsEL(AC150)
Single-ended low-level for CK_t, CK_c note 3 (Vopca/ 2) - 0.150 \% 1,2
Single-ended high-level for strobes (Vopa/2) +0.135 note 3 \% 1,2
VsEH(aC135)
Single-ended high-level for CK_t, CK_c¢ (Vopca/ 2) + 0.135 note 3 \% 1,2
Single-ended low-level for strobes note 3 (Vopa / 2) - 0.135 \% 1,2
VseL(ac135)
Single-ended low-level for CK_t, CK_c note 3 (Vopca/2)-0.135 \% 1,2
Note:
1. For CK_t, CK_c use Vsen/VseLc) Of CA; for strobes (DQSO0_t, DQSO0_c, DQS1_t, DQS1_c) use Vin/Viac) of DQs.
2. ViH@e/ViLac) for DQs is based on Vrerpa; VseH(ac)/VsEL(ac) for CA is based on Vrerca; 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 need to be within the respective lim- its (Vin(dc) maxs ViLemin) 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.

Vboca ©F Vbpa

- ——-CK_¢c,DQS_c

v
R A . R Vbpeal2 or Vppa/2

¥

\

CK_t, DQS_t

Vssca or 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 o \ippew/2 for CK_t, CK_c -120 120 mv | 1.2
Differential Input Cross Point Voltage relative
ViXoQ k5 \/ppa/2 for DQS_t, DQS._c -120 120 mv | 1.2
Note:
1. The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device, and Vixac) 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 = VRrefcapc). For DQS_t and DQS_c, VRef = Vrea(pc).-
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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
Diffi tial input sl te for risi d K t- .
ClKir:e:nlg D“g)éj_ts _egégfc)?r fising edge (CK_ ViLdifimax Vinditimin + [ViHdiffmin = ViLdifimax] / DeltaTRdiff
Differential input slew rate for falling edge (CK t .
| CK_cand DpQS_t -DQs o) g edge (CK_ ViHdiffmin ViLdifmax  [ViHdiffmin - ViLdifimax] / DeltaTFdiff

Note: 1. The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds.

Differential Input Voltage (i.e. DQS_t-DQS_c; CK_t-CK_c)

Delta TRdiff

|
|
|
|
|

Delta TFdiff

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(pc) DC output high measurement level (for IV curve linearity) 0.9 x Vbpa Vv 1
VoL(pc)
DC output low measurement level (for IV curve linearity) 0.1 x Vbpa Vv 2
ODT disabled
VoL(pc) Vopa X [0.1 + 0.9 x (Ron
DC output low measurement level (for IV curve linearity) V 3
ODT enabled ! (Rrr + Ron))]
VoH(ac) IAC output high measurement level (for output slew rate ) VRrerpg + 0.12
VoL(ac) IAC output low measurement level (for output slew rate ) VRerpa - 0.12
Output Leakage current (DQ, DM, DQS_t, DQS_c) Min -5 uA
loz
(DQ, DQS_t, DQS_c are disabled; 0V =Vout=Vbpa Max 5 uA
Min -15 %
Mwmpurp Delta Ron between pull-up and pull-down for DQ/DM
Max 15 %

Note:

1. lon = -0.1TmA.
2. loL = 0.1mA.
3. The min value is derived when using Rtt, 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 Vppa \Y, 1
VoLdifiac) IAC differential output low measurement level (for output SR) -0.20 x Vppa \% 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 Vovac) VoH(ac) [Von(ac) - Vovac)] / DeltaTRse
Single-ended output slew rate for falling edge VoH(ac) Vov(ac) [Von(ac) - Vovac)] / DeltaTFse
Note: 1. Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRse
—

Single Ended Output Voltage (i.e. DOQ)

Delta TFse

Single Ended Output Slew Rate Definition

Output Slew Rate (single-ended)

Value
Parameter Symbol ; > Units
Min Max
Single-ended Output Slew Rate (RON = 40Q +/- 30%) SRQse 1.5 4.0 Vins
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.

The output slew rate for falling and rising edges is defined and measured between Voiac) and Vor(ac).
4. Slew rates are measured under average SSO conditions, with 50% of DQ signals per data byte switching.

w
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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
Vouditiac) @and Vonditiacy 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 VoLdiff(AC) VoHdiff(AC) [VOHdiff(AC) - VoLdiﬂ(AC)] / DeltaTRdiff
Differential OUtpUt slew rate for faIIing edge VoHdiff(AC) VOLdiﬂ(AC) [VOHdiff(AC) - VoLdiﬂ(AC)] / DeltaTFdiff
Note: 1. Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

M I I'—’l
é \ I I |
a | I i
2 | ! : v, y
X meommendie s e mer e e ey e = el OHA&fFAC)
F \{ | -
= 1\ P
g | \ o/
E Y 0
= 1 \ [ /
-4 ! Bl
= ! \ 1/
5 ---—-= R e —<,|"’i —————————— VoLdifRac)
g [ /
E | |
& I : / I
=} | | /|

> |

Delta TFdift

Differential Output Slew Rate Definition

Differential Output Slew Rate

Value
Parameter Symbol Units
Min Max
Differential Output Slew Rate (Ron =40Q +/- 30%) SRQdiff 3.0 8.0 Vins
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 Vonac)-

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 c.>\./ersr.100t area. Max 035 Y
(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 Vens

Maximum area below Vss.

(See Overshoot and Undershoot Definition figure) Max 0.10 0.10 0.10 Vens

Note:

1. Vpp stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vpp stands for Vppq 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. 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
| 4 /
| | /
—> | i/

.

RPN

Undershoot Area

VDD
Volts Vss
(V)

Maximum Amplitude

Time (ns)

Overshoot and Undershoot Definition

Note:

1. Vop stands for Vppca for CA[9:0], CK_t, CK_c, CS_n, and CKE. Vpp stands for Vppq 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.

]
VRef ;

LPDDR3

SDRAM Rioad = 50 2

/

Output _T_ VAVAYS Vir=0.5x Vppg
Q Icload = 5pF

HSUL_12 Driver Output Reference Load for Timing and Slew Rate

Note: 1. All output timing parameter values (like tpasck, tbasas tans, tHz, trere etc.) are reported with respect to this reference load.
This reference load is also used to report slew rate.

Roneu and Ronpp Resistor Definition

(VDDQ'Vout)
ABS( I out)

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

Vout
ABS( I out)

Ronep =

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

Chip in Drive Mode

Qutput Driver
r— — — 7 Vi
° VDDQ
%]ty |
To | R |
e | oNPU |
circuitry F
like | | | ‘ lout DaQ
RCV, =
| ONFD | Vour
| odlo |
® Vgsa
| TR DRI N,

Output Driver: Definition of Voltages and Currents
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Ronpu @and Ronpp 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
Ronz4PD 0.5 X Vbpa 0.85 1.00 1.15 Rzal7 1,2,3,4
34.3Q
Ronzapu 0.5 X Vbpa 0.85 1.00 1.15 Rzal7 1,2,3,4
Ron4orp 0.5 X Vbpa 0.85 1.00 1.15 Rza/6 1,2,3,4
40.0Q
Ron4opu 0.5 X Vbpa 0.85 1.00 1.15 Rza/6 1,2,3,4
RON48PD 0.5 XVDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4
48.0Q
RON48PU 0.5 XVDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4
Mismatch between o
pu"_up and puII- down MwmpupPp -15.00 +15.00 % 1,2,3,4,5
Note:
1. Across entire operating temperature range, after calibration.

2. Rzq = 240Q..

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 Vppa.

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

R R
MMoypp = ONPU-RONPD % 100

Ronnom

For example, with MMpupp(max) = 15% and Ronep = 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

Roneu | 0.5%Vppa |85 — (dRondT x AT ) — (dRondV x AV ) | 115 + (dRondT X AT ) + (dRondV X AV ) | % 1,2

Rt 0.5xVopa | 85— (dRrdT x AT ) — (dRrrdV X AV )| 115 + (dRrrdT x AT ) + (dRrdV X AV )| % 1,2

Note:

1. AT =T-T (@ calibration), AV =V — V (@ calibration)
2. dRondT, dRondV, dR11dV, and dR1dT 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 % I mV
dRrrdT Rt Temperature Sensitivity 0.00 | 0.75 % /C
dRrdV Rrt Voltage Sensitivity 0.00 | 0.20 % I mV

R°"Y and R°NPP 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;Nom Resistor Vout Min | Nom | Max Unit Notes
RON34PD 0.5 x VDDQ 24 34.3 44.6 1
34.3Q
RON34PU 0.5 x VDDQ 24 34.3 44.6 1
RON4OPD 0.5 x VDDQ 28 40 52 1
40.0Q
RON40PU 0.5 x VDDQ 28 40 52 1
RON48PD 0.5 x VDDQ 33.6 48 62.4 1
48.0Q
RON4spu 0.5 x VDDQ 33.6 48 62.4 1
60.0Q Roneord 0.5 x Vbpa 42 60 78 1
(optional) RONGOPU 0.5x VDDQ 42 60 78 1
80.0Q Rongopd 0.5 x Vbpa 56 80 104 1
(optional) RONBOPU 0.5x VDDQ 56 80 104 1

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

Ron = 240Q(Rzq)
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 2.7 n/a n/a -1.26 | -2.71 n/a n/a
0.45 1.39 3.01 n/a n/a -1.39 | -3.01 n/a n/a
0.50 1.51 3.32 n/a n/a -1.51 -3.32 n/a n/a
0.55 1.63 3.63 n/a n/a -1.63 | -3.63 n/a n/a
0.60 1.73 3.93 217 | 294 | -1.73 | -393 | 217 | -2.94
0.65 1.82 4.21 n/a n/a -1.82 | 421 n/a n/a
0.70 1.90 4.49 n/a n/a -1.90 | -4.49 n/a n/a
0.75 1.97 4.74 n/a n/a -1.97 | 4.74 n/a n/a
0.80 2.03 4.99 n/a n/a -2.03 | -4.99 n/a n/a
0.85 2.07 5.21 n/a n/a -2.07 | -5.21 n/a n/a
0.90 21 5.41 n/a n/a -2.11 -5.41 n/a n/a
0.95 2.13 5.59 n/a n/a -213 | -5.59 n/a n/a
1.00 2.17 5.72 n/a n/a -217 | -5.72 n/a n/a
1.05 219 5.84 n/a n/a -2.19 | -5.84 n/a n/a
1.10 2.21 5.95 n/a n/a -2.21 -5.95 n/a n/a
1.15 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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8.00
=== PD ZQ Reset Min
=== PD 7Q Reset Max
6.00 +—
s=siy==PU ZA Reset Min
e DU ZQ) Reset Max
4.00

2.00 g - -ttt

mA 0.00

040 050 060 0.70 0.80 0.90 1.00 110 1.20

-
h &""M
-6.00

-8.00
Voltage (V)
I-V Curve After ZQ Reset
8.00
# PD ZQCal Min
WPDZOCal Max
6.00 =t
£ PUZQCal Min
> PUZOCal Max
4.00
s
2.00 =3
mMA 0.00 =TT T T T T T
.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20
-2.00 =
Ee
-4.00
-6.00
-8.00
Voltage (V)
I-V Curve After Calibration
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025

Revision: 1.0 102/143



ESMT

M55D1G1664A (2Y)

Operation Temperature Condition -40°C~85°C

ODT Levels and I-V Characteristics

On-Die Termination effective resistance, Rrr, is defined by mode register MR11[1:0]. ODT is applied to the DQ, DM, and
DQS_t/DQS_c pins. A functional representation of the on-die termination is shown in the figure below. Ryt is defined by the

following formula:

Rrrpu = (Vbbpa - Vout) / | lout |

toother
circuitry

oDT

r— — — 7

I I Vopa

I ‘ viou | 4

| |

| | Vbpa - Vour

L |Rreul |

| | ouT

} } DQ

£ == Q Vour
T “Vss

Functional representation of On-Die Termination

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

lout
RTT (ohm) VOUT (V)
Min (mA) | Max (ma)
Rza/1 0.6 -2.17 -2.94
Rza/2 0.6 -4.34 -5.88
Rza/4 0.6 -8.68 -11.76
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Input/Output Capacitance
Input/Output Capacitance Tables

Input/output capacitance
(TOPER; VDDQ =1.141 .3V; VDDCA = 1.14-1.3V; VDD1 = 1.7-1.95V, VDD2 = 1.14-1.3V)

Parameter Symbol l':llnml 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 Ci

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 1,2,5

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

Max 1.8 pF 1,2,6,7

Min 0 pF 1,2,7,8
Input/output capacitance delta, DQS_t, DQS _c Copas

Max 0.2 pF 1,2,7,8

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

Max 0.25 pF 1,2,7,9

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

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
Vop1, Vb2, Voba, Vss, Vssca, Vssa applied and all other pins floating.

3.  Absolute value of Cck t - Cek_c.

4. Capplies to CS_n, CKE, CA0-CA9, ODT.

5. Cpi=Cl-05* (CCK_t + CCK_c)

6. DM loading matches DQ and DQS.

7. MR3 1/O configuration DS OP3-OP0 = 0001B (34.3Q typical)

8. Absolute value of Cpgs_t and Cpas_c.

9. Cpio = Cio - 0.5 * (Cpas_t + Cbas_c) in byte-lane.
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Ibp Specification Parameters and Test Conditions

lop Measurement Conditions

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

LOW: V|y £ VIL(DC) MAX

HIGH: Vin 2 Virpcy 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 Ippsr 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_c CK_ c CK_ c CK_c CK_c CK_ c 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 LOwW HIGH HIGH HIGH
CA1 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOwW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOwW 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 CA[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 lpp measurement for Ipp4r.
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Definition of Switching for Ippsw

Clock CKE CS_n Clock Cycle Number Command CA[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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Ibp Specifications

Ipp values are for the entire operating voltage range, and all of them are for the entire standard range, with the exception of
IobseT Which is for the entire extended temperature range.

Notes 1, 2, 3 apply for all values.

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

Operating one bank active-precharge current: IbDo Vob1 20 20 20 mA

tek = tokmin; tre = tremin; CKE is HIGH;

CS_n is HIGH between valid commands; ooz Vo2 36 37 39 mA

CA bus inputs are switching; Vbbca,

Data bus inputs are stable ODT disabled locoin Vbba 8 8 8 mA 3

Idle power-down standby current: Ipp2p Vob1 25 25 25 mA

tck = tokmin; CKE is LOW;

CS_n is HIGH: All banks are idle; Ippzp2 Vb2 6 6 6 | mA

CA bus inputs are switching; Vboca,

Data bus inputs are stable ODT disabled loozein Vbba 02 02 02 mA 3

Idle power-down standby current with clock stop: Ipp2Ps- Vob1 25 25 25 mA

CK_t=LOW, CK_c = HIGH;

CKE is LOW: Ipp2ps2 Vbp2 6 6 6 mA

CS_n is HIGH; All banks are idle; v

CA bus inputs are stable; Ibb2pPs,in \?c?s:, 0.2 0.2 0.2 mA 3

Data bus inputs are stable ODT disabled

Idle non-power-down standby current: Ippan Vb1 25 25 25 mA

tck = tCKmin; CKE is H|GH;

CS_n is HIGH: All banks are idle; ppanz Vo2 " 12 13 | mA

CA bus inputs are switching; Vbbca,

Data bus inputs are stable ODT disabled loo2Nin Vbba 8 8 8 mA 3

Idle non-power-down standby current with clock stopped: | |\ Vob1 25 25 25 mA

CK_t = LOW; CK_c = HIGH;

CKE is HIGH: Ipp2ns2 Vbp2 6 6 6 mA

CS_n is HIGH; All banks are idle; Vooca

CA bus inputs are stable; Ibb2ns,in VDDQ, 8 8 8 mA 3

Data bus inputs are stable ODT disabled

Active power-down standby current: Iop3p1 Vb1 8 8 8 mA

tck = tokmin; CKE is LOW;

CS_n is HIGH; One bank is active; a2 Vo2 6 6 6 mA

CA bus inputs are switching; Vboca,

Data bus inputs are stable ODT disabled loopin Vboa 02 02 02 | mA 3
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Value
Parameter/Condition Symbol g owelr Unit | Note
upply | 1600 | 1866 | 2133
/Active power-down standby current with clock stop: IbD3ps1 VbD1 8 8 8 mA
CK = LOW, CK# = HIGH,;
CKE is LOW: IpD3pss2 Vbp2 6 6 6 mA
CS_n is HIGH; One bank is active; Vonea
CA bus inputs are stable; Ipp3ps;in VDDQ’ 0.2 0.2 0.2 mA 4
Data bus inputs are stable ODT disabled
/Active non-power-down standby current: loDant Vob1 8 8 8 mA
tck = tCKmin; CKE is H|GH;
CS_n is HIGH; One bank is active; looan2 Voo2 13 4 15 mA
CA bus mputs are switching; . lobann Vopca, 8 8 8 mA 4
Data bus inputs are stable ODT disabled Voba
Active non-power-down standby current with clock IpDanst Vb1 8 8 8 mA
|stopped:
CK = LOW, CK# = HIGH looansz | Vope 6 6 6 | mA
CKE is HIGH;
CS_n is HIGH; One bank is active; _ Vbpea,
CA bus inputs are stable; looans.in Vbba 8 8 8 mA 4
Data bus inputs are stable ODT disabled
Operating burst READ current: lopar1 Vbb1 10 10 10 mA

tck = tokmin;

CS_n is HIGH between valid commands; looar Vo2 167 191 215 | mA

One bank is active;

IpD4R in Vbpca 8 8 8 mA
BL = 8; RL = RL (MIN);
CA bus inputs are switching; | vV, _ _ _ mA 5
50% data change each burst transfer ODT disabled ppaRa epa
Operating burst WRITE current: IbDaw1 \Vbbp1 10 10 10 mA

tek = tokmin:
CK = ICKmin lopaw2 Vbp2 172 199 225 | mA 4

CS_n is HIGH between valid commands;
One bank is active;
BL = 8; WL =WLmin; Vbbca

; ; I i ' 34 34 34 mA
CA bus inputs are switching; po4Win Vooa
50% data change each burst transfer ODT disabled

/All-bank REFRESH burst current: lops1 Vbb1 48 48 48 mA

tek = tokmin;

CKE is HIGH between valid commands; lops2 Voo2 60 62 63 mA 4

trc = trRrcabmin; Burst refresh; vV
CA bus inputs are switching; Ippsin VD[')DDCQ’ 8 8 8 mA
Data bus inputs are stable ODT disabled
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. Power vehe ]
Parameter/Condition Symbol supply | 1600 1866 | 2133 Unit | Note
All-bank REFRESH average current: Iops5AB1 VbD1 4 4 4 mA
tck = tekming
CKE is HIGH between valid commands; lopsas Voo2 13 4 15 mA
trc = RM X trery; Voba,

CA bus inputs are switching; IppsAB,in Voo 8 8 8 mA 4
Data bus inputs are stable ODT disabled

Per-bank REFRESH average current: IopsPE1 Voot 4 4 4 mA

tek = tokming

CKE is HIGH between valid commands; loospez Voo2 4 4 15 mA

trc = RM X treri/8,; Voboa,

CA bus inputs are switching; IbpsPB,in Vooa 8 8 8 mA 4
Data bus inputs are stable ODT disabled

Self refresh current (-40°C to +85°C): Iobs1 Vob1 3.6 36 36 mA | 6,7,9
CK_t=LOW, CK_c = HIGH;

CKE is LOW; lbpe2 Vb2 6 6 6 mA 6, 7, 9
CA bus inputs are stable; Vonea

Data bus inputs are stable Maximum 1x self refresh rate ODT IopeiN ' 0.2 0.2 0.2 mA 4,6,7,9
disabled Veoa

Self refresh current (+85°C to +95°C): IDD6ET1 Vbb1 4 4 4 mA | 7,8,9
CK_t=LOW, CK_c = HIGH,;

CKE is LOW; IbDeET2 Vb2 7 7 7 mA 7, 8, 9
CA bus inputs are stable; v

Data bus inputs are stable IbD6ETin \;’DCA’ 0.2 02 | 02 | mA 4,789
ODT disabled bpa

Deep power-down current: CK_t = LOW, CK_c = HIGH; lpos1 Voo1 0.08 0.08 0.08 | mA

CKE is LOW; Ibps2 Vo2 015 | 015 | 0.15 | mA

CA bus inputs are stable; Vooon,

Data bus inputs are stable ODT disabled Ippsin Vboa 0.15 0.15 0.15 | 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 Vppq 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

IbpeeT 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 Ipp measurements, ViHcke = 0.8 x VDDCA, ViLcke = 0.2 x Vbbca.
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Ippe Partial Array Self-Refresh Current

IParameter Supply Value Unit
Vbp1 3.6 mA
Y 6 mA
Full Array po?
Vbbca,
0.2 mA
Vbba
Vbp1 34 mA
Iope Partial Array 1/2 Array Vo2 5.8 mA
Self-Refresh Current Vooea, 02 mA
CK_t = LOW, CK_c = HIGH; Voba '
CKE is LOW;
CA bus inputs are STABLE; Voo 32 mA
Data bus inputs are STABLE; Vob2 5.6 mA
ODT disabled V4 Amay —
DDCA,
0.2 mA
Vbba
Vbp1 3 mA
Y 5.4 mA
1/8 Array po?
Vbbca,
0.2 mA
Vbba
Note:
1. Ipps 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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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 tck(avg) 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 1CK, | /N

j=1
where N = 200
Unit ‘tekavg) 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.
tck(avg) may change by up to +/-1% within a 100 clock cycle window, provided that all jitter and timing specs are met.

Definition for tCK(abs)
tekabs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.

tckabs) IS not subject to production test.

Definition for tCH(avg) and tCL(avg)

tchvg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.
N :

tCH(avg) = Z fC.‘HJ_ /(N xtCK(avg))

f = 1
where N = 200

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

tCL(avg) = Z 1CL;| /(N x tCK(avg))

\i= 1
where N = 200
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Definition for tyr(pen

tumpen) is the single period jitter defined as the largest deviation of any signal tck from tckavg)-
tuit(pery = Min/max of {tcki - tck(avg) Where i = 1 to 200}.

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

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

tuir(eer) is Not subject to production test.

Definition for tym(cc)

tumcc) is defined as the absolute difference in clock period between two consecutive clock cycles.
turmee) = Max of [{teki +1 - texi].

turcc) defines the cycle to cycle jitter.

tuTcc) is NOt subject to production test.

Definition for tERR(nper)

terr(nper) is defined as the cumulative error across n multiple consecutive cycles from tckavg).
terr(nper),act is the actual clock jitter over n cycles for a given system.
terr(nper),allowed is the specified allowed clock period jitter over n cycles.
terr(nper) IS NOt subject to production test.
(itn- |

tERR(nper) = Z 1CK;| - n x 1CK(avg)

|

Foq )
terr(nper),min Can be calculated by the formula:

terR(nper), min = (1 + 0.68LN(n)) x tr(er), min

terr(nper),max €can be calculated by the formula:

tERR(nper), max = (1 + 0-68|—N(n)) x tJIT(per), max

Using these equations, terr(nper) tables can be generated for each tyir(per),act value.
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Definition for duty cycle jitter tyrguty)

tum(duty) is defined with absolute and average specification of tch / tcr.

turt(duty),min = MIN((tcH(abs),min — tcHeavg),min), (tcL(abs),min — tcLavg)min)) X tek(avg)
tJIT(duty),max = MAX((tCH(abs),max - tCH(avg),max). (tCL(abs),max - tCL(avg),max)) x tCK(avg)

Definition for tCK(abs), tCH(abs) and tCL(abs)

These parameters are specified per their average values, however it is understood that the following relationship between the
average timing and the absolute instantaneous timing holds at all times.

Definition for tCK(abs), tCH(abs): and tCL(abs)

Parameter Symbol Min Unit
Absolute Clock Period tek(abs) tekavg),min + tuim(per),min ps
Absolute Clock HIGH Pulse Width tcH(abs) tcH(avg)min + tmduty),min / tckavgmin tCK(avg)
IAbsolute Clock LOW Pulse Width teL(abs) teL(avg)min + um@uty),min / tokavgmin tCK(avg)
Note:

1. tckavg)min is expressed in ps in this table.

2. tumduty),min IS @ Nnegative value.
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Period Clock Jitter

LPDDRS 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 (turpen) 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, trp, tr1ps twrs twras twrrs tres tras, trrDs traw)

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

When the device is operated with clock jitter outside specification limits, the number of clocks or tckvg) 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 (t.param), 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.

CvcleTimeDeratine = Max) [ [EARAM + 1ERR( tnPARAM), act— tERR(tnPARAM), allowed
' B | mPARAM

—rCKlm'gI‘,L 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 (tyr(er))-

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

| tPARAM + tERR(tnPARAM), act — tERR(inPARAM). allowed |

= RIJ
tCK(avg) |

HE = i
&

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, tincs,tiscke, tinckes tisbs tiHbs tisckebs
tiHckeb)
These parameters are measured from a command/address signal (CKE, CS, CAO - CA9) transition edge to its respective clock

signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tyrper), 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

trere

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

1:JIT(per), act,max — tJIT(per),aIIowed,max

trpRE(min, derated) = 0.9 -
tek(aw)

For example,

if the measured jitter into a LPDDR3-1600 device has tckavg) = 1250 ps, tur(per),actmin = -92 ps and tur(per),actmax = + 134 ps, then
tRPRE,min,derated =0.9- (tJIT(per),act,max = tJIT(per),aIIowed,max)/tCK(avg) =0.9- (134 - 100)/1 250= .8728 tCK(avg)

tizipa): thzpa)s toascks tLzpas) thzpas)

These parameters are measured from a specific clock edge to a data signal (DMn, DQm.: n=0,1,2,3. m=0-31) transition and will
be met with respect to that clock edge. Therefore, they are not affected by the amount of clock jitter applied (i.e. turpen).

tasHs tast

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

Absolute min DVW @ LPDDRS3 device pin = min{ ( tasabs)min — tbasamax) ; ( tasL(abs)min — tbasamax ) } This minimum DVW shall be
met at the target frequency regardless of clock jitter.

tRPST

trest is affected by duty cycle jitter which is represented by tci(abs). Therefore trpstabs)min can be specified by tci(abs)min.
trPsT(abs)min = toL(abs)min — 0.05 = tasL(abs)min
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Clock jitter effects on Write timing parameters

tos, tou

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 (DQSnN_t, DQSn_c : n=0,1,2,3) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
turper), @s 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.

tpss; tps

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective clock signal (CK_t/CK_c)
crossing. The spec values are not affected by the amount of clock jitter applied (i.e. tyrper, 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.

toass

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
tumpen),act of the input clock in excess of the allowed period jitter tyir(pen,allowed.

tJIT(per), act,min — tJIT(per),allc»wed,min

toass(min, derated) = 0.75 -
tekaw)

tJIT(per), act,max — tJIT(per),aIIc»wed,max

toass(max, derated) = 0.75 -
tekav)

For example,

if the measured jitter into a LPDDR3-1600 device has tckavg)= 1250 ps, tirper,act,min=-93 ps and tyrper,act,max= + 134 ps, then
tDQSS,(min,derated) =0.75 - (tm(per),act,min - tJ|T(per),aIIowed,min)/tCK(avg) =0.75 - (-93 + 100)/1250 =0.7444 tCK(an) and tDQSS,(max,derated)
=1.25- (tJIT(per),act,max - tJIT(per),aIIowed,max)/tCK(avg) =1.25- (134 - 100)/1 250 =1.2228 tCK(avg)
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LPDDR3 Refresh Requirements by Device Density

LPDDR3 Refresh Requirement Parameters (per density)

Parameter Symbol 1Gb Unit
Number of Banks 8 -
Refresh Window i 32

Tease = 85°C REFW ms
Refresh Window 1/2-Rate Refresh tREFW 16 ms
Refresh Window 1/4-Rate Refresh treFw 8 ms
Required numper of REFRESH R 4,096 )
commands (min)

average time between |REFab trerI 7.8 us
REFRESH commands

(for reference only) REFpb tREFIpb 0.975 us
Tcase =85°C

Refresh Cycle time trFCab 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
IAverage Clock Period 1.25 1.071 | 0.938 ns
Read Latency 12 14 16 tck(avg)
\Write Latency (Set A) 6 8 8 tek(avg)
Write Latency (Set B)® 9 11 13 tck(avg)
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.
: Data Rate
Parameter Symbol I\Iclml Unit
ax | 1600 1866 2133

Maximum clock frequency fek - 800 933 1066 MHz

Clock Timing
MIN 1.25 1.071 0.938

IAverage clock period tekavg) ns
MAX 100
MIN 0.45

Average HIGH pulse width tcHvg) tek(avg)
MAX 0.55
MIN 0.45

Average LOW pulse width teLavg) tekavg)
MAX 0.55

Absolute clock period teK(abs) MIN ns
MIN 0.43

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

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

Clock period jitter (with supported jitter) tiT(per), allowed ps
MAX 70 60 50

Maximum Clock Jitter between two consecutive

clock cycles (with allowed jitter) bim(eo) alowes | MAX | 140 120 100 pS

mMin((tcH(abs),min = tcH(avg)min),

MIN

tc min - tc min)) X tc
Duty cycle jitter (with supported jitter) turm(duty), allowed ettt o - otirgymi) * ertovy ps
MAX maX((tCH(abs),max - teH(avg) max),

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

MIN -103 -88 -74
Cumulative errors across 2 cycles terRR(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 -1
Cumulative errors across 6 cycles tERR(Bper), allowed ps

MAX 155 133 111
Cumulative errors across 7 cycles tERR(7per), allowed | MIN -163 -139 -116 ps
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MAX | 163 139 116
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Min/ Data Rate
Parameter Symbol M Unit
ax | 1600 1866 2133
terris MIN -169 -145 -121
Cumulative errors across 8 cycles (8per), ps
allowed MAX 169 145 121
t MIN -175 -150 125
Cumulative errors across 9 cycles ERR(per) ps
allowed MAX 175 150 125
teRR(10 MIN -180 -154 -128
Cumulative errors across 10 cycles (10per), ps
allowed MAX 180 154 128
t MIN -184 -158 -132
Cumulative errors across 11 cycles ERR(11per). ps
allowed MAX 184 158 132
MIN -188 -161 -134
Cumulative errors across 12 cycles terR(12pen) 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), tuiT(per), allowed MIN pss
cycles allowed tERR (nper), allowed MAX =
MAX (1 + 0.68In(n)) x
tIT(per), allowed MAX
ZQ Calibration Parameters
Initialization calibration time tzainT MIN 1 us
Long calibration time tzacL MIN 360 ns
Short calibration time tzacs MIN 90 ns
Calibration RESET time tzoRESET MIN max(50ns,3nCK) ns
READ Parameters®
MIN 2500
DQS output access time from CK_t/CK_c tbasck psps
MAX 5500
DQSCK delta shorte tDQSCKDS MAX 220 190 165 ps
DQSCK delta medium’ toasckom | MAX 511 435 380 ps
DQSCK delta Ion98 tDQSCKDL MAX 614 525 460 ps
DQS-DQ skew toasa MAX 135 115 100 ps
DQS output HIGH pulse width tasH MIN tCH(abs) - 0.05 tek(avg)
DQS output LOW pulse width tasL MIN tCL(abs) - 0.05 tekavg)
DQ/DQS output hold time from DQS taH MIN min(tQSH, tQSL) ps
READ preamble® 2 trPRE MIN 0.9 tok(avg)
READ postamble® trpsT MIN 0.3 tok(avg)
DQS Low-Z from clock® tL.zas) MIN toasck (iny - 300 ps
DQ Low-Z from C|OCk9 tLZ(DQ) MIN tDQSCK,(NnN) - 300 ps
DQS High—Z from C|OC|(9 tHZ(DQS) MAX tDQSCK,(MAX) -100 ps
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Parameter Symbol I\Iclinl Data Rate Unit
ax 1600 1866 2133
DQ High-Z from clock® tizoa) | MAX | toasckmax) + (1.4 X toasa,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 tckavg)
MIN 0.75
\Write command to 1st DQS latching transition toass tck(avg)
MAX 1.25
DQS input high-level width toasH MIN 0.4 tck(avg)
DQS input low-level width toasL MIN 04 tek(avg)
DQS falling edge to CK setup time toss MIN 0.2 tck(avg)
DQS falling edge hold time from CK tosH MIN 0.2 tck(avg)
\Write postamble twpsT MIN 0.4 tek(avg)
\Write preamble twpre MIN 0.8 tek(avg)
CKE Input Parameters
&fg:;nr::tgvr\)/upl)jsvew:/tir;th) teke MIN max(7.5ns,3nCK) ns
CKE input setup time tiscke'© | MIN 0.25 tek(avg)
CKE input hold time tincke MIN 0.25 tekavg)
Command path disable delay tcPpED 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 tirca'® MIN 150 130 115 ps
CS_n input setup time tiscs'® MIN 270 230 205 ps
CS_n input hold time tes'® | MIN 270 230 205 ps
)Address and control input pulse width tirwea MIN 0.35 tCK(avg)
CS_n input pulse width tirwes MIN 0.7 tCK(avg)
Boot Parameters (10 MHz-55 MHz)”’ R
MAX 100
Clock cycle time tcko nsns
MIN 18
CKE input setup time tisckeb MIN 25 ns
CKE input hold time tiHckED MIN 25 ns
IAddress and control input setup time tisb MIN 1150 ps
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Min/ Data Rate
Parameter Symbol M Unit
ax | 1600 1866 2133
IAddress and control input hold time tiHb MIN 1150 ps
MIN 20
DQS output data access time from CK_t/CK_c tbasckb ns
MAX 10.0
Data strobe edge to output data edge tbasab MAX 1.2 ns
Mode Register Parameters
MODE REGISTER WRITE command period tMRW MIN 10 tek(avg)
MODE REGISTER READ command period tMrRR MIN 4 tek(avg)
/Additional time after txp has expired until MRR
command may be issued turr MIN tRe M) ns
Core Parameters®
READ latency RL MIN 12 14 16 tek(avg)
WRITE latency (set A) WL MIN 6 8 8 tek(avg)
WRITE latency (set B) WL MIN 9 11 13 tek(avg)

tras * trPab

ith all-bank prech
ACTIVATE-to- ACTIVATE command period tre min | (ith all-bank precharge) ns
tras + trPpb

(with per-bank precharge)

CKE minimum pulse width during SELF

REFRESH (low pulse width during SELF tckesr MIN max(15ns,3nCK) ns
REFRESH)
g::; REFRESH exit to next valid command txsr MIN max(trecas + 10ns,2nCK) ns
Exit power-down to next valid command delay txp MIN max(7.5ns,3nCK) ns
CAS-to-CAS delay tceo MIN 4 tekavg)
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)
trrpb (fast) max(15ns,3nCK)
Row precharge time (single bank) trepb (typ) | MIN max(18ns,3nCK) ns
trPpb (SlOW) max(24ns,3nCK)
trRPpab (fast) max(18ns,3nCK)
Row precharge time (all banks) trPpab (typ) | MIN max(21ns,3nCK) ns
trRPpab (Slow) max(27ns,3nCK)
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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 treFi) us
\WRITE recovery time twr MIN max(15ns, 4nCK) ns
Internal WRITE-to-READ command delay twtr MIN max(7.5ns, 4nCK) ns
Active bank A to active bank B trRRD MIN max(10ns, 2nCK) ns
Four-bank ACTIVATE window traw MIN max(50ns, 8nCK) ns
Minimum deep power-down time torp MIN 500 us
ODT Parameters

MIN 1.75
Asynchronous Rrr turn-on dely from ODT input tobTon nsns

MAX 3.5

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

MAX 3.5
IAutomatic Rrr turn-on delay after READ data taooton | MAX toasck +t1 4 * toasamax * ps

CK(avg,min)

IAutomatic Rrr turn-off delay after READ data taoDToff MIN toasck,min - 300 ps
Rtr disable delay from power down entry tobTd MAX 12 ns
Rrr disable delay from self-refresh, and deep
power down entry toora MAX 12+0.5 tex ns
Rt 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(ava)
First CA calibration command after CKE is LOW tcaenT MIN 10 tekavg)
CA caibration exit command after CKE is HIGH teaext MIN 10 tekavg)
CKE LOW after CA calibration mode is
programmed teacker | MIN 10 tekavg)
dCrli(\/IEerl1—|IGH after the last CA calibration results are toAcKEN MIN 10 tokavg
Data out dglay after CA training calibration tAoR MAX 20 ns
command is programmed
MRW CA exit command to DQ tri-state tvrz MIN 3 ns
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Min/ Data Rate
Parameter Symbol M;nx Unit
1600 1866 2133
C A calibrati d to CA calibrati
Comcr;r::\aln;adlglr;;omman o CA calibration toaco MIN RU(taor+2 X tox) tekavg)
\Write Leveling Parameters
DQS_t/DQS_c delay after write leveling mode is ¢ MIN 25 ns
programmed WLDASEN T Ay B
First DQS_t/DQS_c edge after write leveling MIN 40
; twiMrD nsns
mode is programmed MAX _
MIN 0
\Write leveling output delay twiLo nsns
MAX 20
\Write leveling hold time twiH MIN 175 150 135 ps
\Write leveling setup time twis MIN 175 150 135 ps
MIN max(14ns, 10nCK)
Mode register set command delay tmMrRD nsns
MAX --
Temperature Derating19
DQS output access time from CK_t/CK_c
(derated) tbasck 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) trRrRD MIN trro + 1.875 ns
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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.

tbasckos is the absolute value of the difference between any two tpasck measurements (in a byte lane) within a contig-

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

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

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

8. tbasckoL is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within a 32ms
rolling window. tpasckoL 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 ftransitions, the timing reference is at the point when the signal crosses the
transition threshold (Vr7). thz and tz 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 tresT, thzpas) and thzpa)), or begins driving (for trere, tizpas), tizpaq)). Figure 10 shows a method to
calculate the point when device is no longer driving thzpas) and thzpa), or begins driving tizpas), tLzipq) 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

¥ £
OH X i ’\
x| Vg -X mV

Vop ~2x XmV

ok wnN=

Vet 2meV—Z

Vi + Y mV
act 'N“":Z -

Vyr L 'Hz(Das) tHz(DQ) Ver
| IY \
-y 2xY
Vyp=Y i \ VgL + 2xX mV
vao,_ +XmV

_Azipes)tzpa)

Vop-2¢Y mV N
v Y]
172 a “THT2
Start driving point =2 x T1 -T2 End driving point =2 = T1 - T2

11.  The parameters tizppas), tLz(pa), tHzas), and thzpq) are defined as single-ended. The timing parameters trere 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 LPDDRS3 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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CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total fis (setup time) and fi4 (hold time) required is calculated by adding the data sheet
tis(base) and tin(base) value (see CA Setup and Hold Base-Values table) to the Afis and Aty derating value (see Derating values
tIS/tIH - ac/dc based AC150 table) respectively.

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

Setup (fis) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerdc) and the first
crossing of Vinacemin. Setup (fis) 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
‘VRer(dc) to ac region’, use nominal slew rate for derating value (see lllustration of nominal slew rate and tvac 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
‘VRer(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 (fiv) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLgcmax and the first
crossing of VRrerc)- Hold (i) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vincymin
and the first crossing of Vrer(do). If the actual signal is always later than the nominal slew rate line between shaded ‘dc to VRrer(dc)
region’, use nominal slew rate for derating value (see lllustration of nominal slew rate for hold time tn 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 VRrer(dc)
region’, the slew rate of a tangent line to the actual signal from the dc level to Vrerc) level is used for derating value (see
lllustration of tangent line for for hold time ti for CA and CS_n with respect to clock figure).

For a valid transition the input signal has to remain above/below ViniLac) for some time tyac (see Required time tyac above Vinac)
{below V| (ac)} 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 tis/tiy - 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
tiscA(pase) 75 - - ViHiL(ac) = VREF(de) /- 150mV
I:ISCA(base) - 62.5 47.5 VIH/L(ac) = VREF(dc) +/- 135mV
tiHcA(base) 100 80 65 ViHiL(de) = 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 - - ViHiL(ac) = VREF(de) /- 150mV
tiscs(base) - 162.5 137.5 ViHiL(ac) = VREF(de) +/- 135mV
tiHcs(base) 220 180 155 ViHiL(de) = 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.
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Derating values ts/t)y - ac/dc based AC150

Atisca, Atinca, Atiscs, Atics derating in [ps] AC/DC based
AC150 Threshold -> Vi4(ac)=VRreF(dc)t150mV, ViL(ac)=VREF(dc)-150mV
DC100 Threshold -> Vix(dc)=VReF(dc)*100mV, Vi (ac)=VREF(dc)=100mV

CK_t, CK_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

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

4.0 38 25 38 25 38 25 38 25 38 25 - -
CA,CSn 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, AtiHca, Atiscs, Atincs derating in [ps] AC/DC based
AC135 Threshold -> Viy(ac)=VRrer(dc)+135mV, ViL(ac)=VREeF(dc)-135mV
DC100 Threshold -> Vi4ac)=VRer(dc)+100mV, Vi (ac)=VReF(dc)-100mV

CK_t, CK_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

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

4.0 34 25 34 25 34 25 34 25 34 25 - -
CA CSn 3.0 - - 23 17 23 17 23 17 23 17 34 29
Slew rate
2.0 - - - - 0 0 0 0 0 0 1 13
V/ns
1.5 - - - - - - 23 | 17 | 283 | 17 | 12 -4

Note: 1. Cell contents shaded in red are defined as ‘not supported’.
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Required time tyac above Vi) {below Vi .o} 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 -

15 27 - 21 - 15 -

<15 27 - 21 - 15 .
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lllustration of nominal slew rate and tyac for setup time t;s for CA and CS_n with respect to clock.
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lllustration of nominal slew rate for hold time t;; for CA and CS_n with respect to clock
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lllustration of tangent line for setup time t;s for CA and CS_n with respect to clock
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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
tps(base) and tpn(base) value (see Data Setup and Hold Base-Values table) to the Atps and Atpy (see Derating values tis/tin -
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 Vinacemin. Setup (tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
VRer(dc) and the first crossing of ViLicimax (see lllustration of nominal slew rate and tyac 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 ‘Vrer(c) 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(qc)
to ac region’, the slew rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see
lllustration of tangent line for setup time tps for DQ with respect to strobe figure).

Hold (ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi 4cmax and the first
crossing of VRrer@c). Hold (ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
ViHdeymin and the first crossing of Vrerc) (see lllustration of nominal slew rate for hold time toy 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 Vrerc) level is used for derating value.

For a valid transition the input signal has to remain above/below ViniLac) for some time tvac (see Allowed time before ringback
fovac 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 viHiLc) at the
time of the rising clock transition) a valid input signal is still required to complete the transition and reach ViniLac).

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(ac) = VREF(de) - 150mV
tos(base) - 62.5 47.5 ViHiL(ac) = VREF(de) - 135mV
ton(base) 100 80 65 ViHiL(de) = VREF(de) - 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 V/x.
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Derating values LPDDRS3 tps/tpy - ac/dc based AC150

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

ViH(de)=VReF(dc)+100mV, Vi (ac)=VREF(dc)-100mV

AC150 Threshold -> VIH(ac)=VREF(dc)+1 50mV, VIL(ac)=VREF(dc)'1 50mV DC100 Threshold ->

DQS_t, DQS_c Differential Slew Rate

8.0 V/Ins 7.0 Vins 6.0 V/ns 5.0 V/Ins 4.0 Vins 3.0 V/Ins
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 LPDDRS3 tps/tpy - ac/dc based AC135

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

Vin(de)=VREF(de)+100mMV, ViL(dc)=VReF(dc)-100mV

AC135 Threshold -> VIH(ac)=VREF(dc)+1 35mV, VIL(ac)=VREF(dc)'1 35mV DC100 Threshold ->

DQS_t, DQS_c Differential Slew Rate

8.0 V/Ins 7.0 Vins 6.0 V/ns 5.0 V/Ins 4.0 Vins 3.0 V/Ins
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 1" 13
Vins

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 Vi) {below Vi (o)} 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 -
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 .
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PACKING DIMENSIONS
178-BALL (11x11.5 mm)
Pin#1 index D ‘
side ‘
— L
S S—E
| | - IZ Vo
| - solder ball -
D1 A seating plane <C
ob
4»4'% | »H D t 'I . IIAII
© @& 0 0 00 ‘ O 0000 ‘e‘ L
oTrotioseos W
coo0oo|o0ocooo |
O 0 0 0 O O O 0 0O
6006000 8888869#
000000 O 0000
Pin#1 index 7 *
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A - --- 1.00 -—- 0.039
A, 0.16 --- 0.28 0.006 - 0.011
A; 0.61 -—- 0.71 0.024 --- 0.028
P, 0.25 0.31 0.36 0.010 0.012 0.014
D 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 0.031 BSC
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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