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Command Definitions and Timing Diagrams - LPDDR4

Pull Up/Pull Down Driver Characteristics and Calibration

Notes: 1. All value are after ZQ calibration. Without ZQ calibration, RONPD values are ±30%.

Notes: 1. All value are after ZQ calibration. Without ZQ calibration, RONPD values are ±30%.
2. VOH,nom (mV) values are based on a nominal VDDQ = 1.1V.

Notes: 1. Once the output is calibrated for a given VOH(nom) calibration point, the ODT value may be changed without reca-
libration.

2. If the VOH(nom) calibration point is changed, then recalibration is required.
3. DNU = Do not use.

On-Die Termination for the Command/Address Bus

The on-die termination (ODT) feature allows the device to turn on/off termination resistance for CK_t, 
CK_c, CS, and CA[5:0] signals without the ODT control pin. The ODT feature is designed to improve 
signal integrity of the memory channel by allowing the DRAM controller to turn on and off termination 
resistance for any target DRAM devices via the mode register setting.

A simple functional representation of the DRAM ODT feature is shown below.

Table 225: Pull-Down Driver Characteristics – ZQ Calibration

RONPD,nom Register Min Nom Max Unit

40 ohms RON40PD 0.90 1.0 1.10 RZQ/6

48 ohms RON48PD 0.90 1.0 1.10 RZQ/5

60 ohms RON60PD 0.90 1.0 1.10 RZQ/4

80 ohms RON80PD 0.90 1.0 1.10 RZQ/3

120 ohms RON120PD 0.90 1.0 1.10 RZQ/2

240 ohms RON240PD 0.90 1.0 1.10 RZQ/1

Table 226: Pull-Up Characteristics – ZQ Calibration

VOHPU,nom VOH,nom Min Nom Max Unit

VDDQ/2.5 440 0.90 1.0 1.10 VOH,nom

VDDQ/3 367 0.90 1.0 1.10 VOH,nom

Table 227: Terminated Valid Calibration Points

VOHPU

ODT Value

240 120 80 60 48 40

VDDQ/2.5 Valid Valid Valid DNU DNU DNU

VDDQ/3 Valid Valid Valid Valid Valid Valid
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Figure 167: ODT for CA

ODT Mode Register and ODT State Table

ODT termination values are set and enabled via MR11. The CA bus (CK_t, CK_c, CS, CA[5:0]) ODT resis-
tance values are set by MR11 OP[6:4]. The default state for the CA is ODT disabled.

ODT is applied on the CA bus to the CK_t, CK_c, CS, and CA signals. The CA ODT of the device is 
designed to enable one rank to terminate the entire command bus in a multirank system, so only one 
termination load will be present even if multiple devices are sharing the command signals. For this 
reason, CA ODT remains on, even when the device is in the power-down or self refresh power-down 
state.

The die has a bond pad (ODT_CA) for multirank operations. When the ODT_CA pad is LOW, the die 
will not terminate the CA bus regardless of the state of the mode register CA ODT bits (MR11 OP[6:4]). 
If, however, the ODT_CA bond pad is HIGH and the mode register CA ODT bits are enabled, the die will 
terminate the CA bus with the ODT values found in MR11 OP[6:4]. In a multirank system, the termi-
nating rank should be trained first, followed by the non-terminating rank(s).

Notes: 1. Default value.
2. Valid = H or L (a defined logic level)
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Table 228: Command Bus ODT State

CA ODT
MR11[6:4]

ODT_CA
 Bond Pad

ODTD-CA
MR22 OP[5]

ODTE-CK
MR22 OP[3]

ODTE-CS
MR22 OP[4]

ODT State
for CA

ODT State
for CK

ODT State
for CS

Disabled1 Valid2 Valid3 Valid3 Valid3 Off Off Off

Valid 3 0 Valid3 0 0 Off Off Off

Valid 3 0 Valid3 0 1 Off Off On

Valid 3 0 Valid3 1 0 Off On Off

Valid 3 0 Valid3 1 1 Off On On

Valid 3 1 0 Valid3 Valid3 On On On

Valid 3 1 1 Valid3 Valid3 Off On On
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3. Valid = 0 or 1.
4. The state of ODT_CA is not changed when the device enters power-down mode. This maintains termination for 

alternate ranks in multirank systems.

ODT Mode Register and ODT Characteristics

Notes: 1. The tolerance limits are specified after calibration with stable temperature and voltage. To understand the 
behavior of the tolerance limits when voltage or temperature changes after calibration, see the section on voltage 
and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 × VDD2. Other calibration points may be 
required to achieve the linearity specification shown above, for example, calibration at 0.5 × VDD2 and 0.1 × VDD2.

3. CA to CA mismatch within clock group variation for a given component including CK_t, CK_c ,and CS (character-
ized). 

Table 229: ODT DC Electrical Characteristics for Command/Address Bus – up to 3200 Mb/s

MR11 OP[6:4] RTT VOUT Min Nom Max Unit Notes

001b 240Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/1 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

010b 120Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/2 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

011b 80Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/3 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

100b 60Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/4 1, 2

V OM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

101b 48Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/5 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

110b 40Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/6 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.2

Mismatch, CA -CA within clock 
group

0.33 × VDD2 – – 2 % 1, 2, 3

CA-to-CA mismatch =  RODT (MAX) - RODT (MIN)
                                              RODT (AVG)
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4. RZQ = 240Ω ±1% over entire operating range after calibration.

Notes: 1. The tolerance limits are specified after calibration with stable temperature and voltage. To understand the 
behavior of the tolerance limits when voltage or temperature changes after calibration, see the section on voltage 
and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 × VDD2. Other calibration points may be 
required to achieve the linearity specification shown above, e.g. calibration at 0.5 × VDD2 and 0.1 × VDD2.

3. CA to CA mismatch within clock group variation for a given component including CK_t, CK_c ,and CS (character-
ized). 

4. RZQ = 240Ω ±1% over entire operating range after calibration.

DQ On-Die Termination

On-die termination (ODT) is a feature that allows the device to turn on/off termination resistance for 
each DQ, DQS, and DMI signal without the ODT control pin. The ODT feature is designed to improve 
signal integrity of the memory channel by allowing the DRAM controller to turn on and off termination 
resistance for any target DRAM devices during WRITE or MASK WRITE operation.

The ODT feature is off and cannot be supported in power-down and self refresh modes.

Table 230: ODT DC Electrical Characteristics for Command/Address Bus – Beyond 3200 Mb/s

MR11 OP[6:4] RTT VOUT Min Nom Max Unit Notes

001b 240Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/1 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

010b 120Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/2 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

011b 80Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/3 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

100b 60Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/4 1, 2

V OM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

101b 48Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/5 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

110b 40Ω VOL(DC) = 0.1 × VDD2 0.8 1.0 1.1 RZQ/6 1, 2

VOM(DC) = 0.33 × VDD2 0.9 1.0 1.1

VOH(DC) = 0.5 × VDD2 0.9 1.0 1.3

Mismatch, CA -CA within clock 
group

0.33 × VDD2 – – 2 % 1, 2, 3

CA-to-CA mismatch =  RODT (MAX) - RODT (MIN)
                                              RODT (AVG)
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The switch is enabled by the internal ODT control logic, which uses the WRITE-1 or MASK WRITE-1 
command and other mode register control information. The value of RTT is determined by the MR bits.

Figure 168: Functional Representation of DQ ODT
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Table 231: ODT DC Electrical Characteristics for DQ Bus– up to 3200 Mb/s

MR11 OP[2:0] RTT VOUT Min Nom Max Unit Notes

001b 240Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/1 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2

010b 120Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/2 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2

011b 80Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/3 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2

100b 60Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/4 1, 2

V OM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2

101b 48Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/5 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2

110b 40Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/6 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.2
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Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and voltage. To understand the 
behavior of the tolerance limits when voltage or temperature changes after calibration, see the following section 
on voltage and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 × VDDQ. Other calibration points may be 
required to achieve the linearity specification shown above, (for example, calibration at 0.5 × VDDQ and –0.1 × 
VDDQ.

3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (characterized).

4. RZQ = 240Ω ±1% over entire operating range after calibration.

Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and voltage. To understand the 
behavior of the tolerance limits when voltage or temperature changes after calibration, see the following section 
on voltage and temperature sensitivity.

Mismatch error, DQ-to-DQ 
within a channel

0.33 × VDDQ – – 2 % 1, 2, 3

Table 231: ODT DC Electrical Characteristics for DQ Bus– up to 3200 Mb/s

MR11 OP[2:0] RTT VOUT Min Nom Max Unit Notes

DQ-to-DQ mismatch =  RODT (MAX) - RODT (MIN)
                                              RODT (AVG)

Table 232: ODT DC Electrical Characteristics for DQ Bus – Beyond 3200 Mb/s

MR11 OP[2:0] RTT VOUT Min Nom Max Unit Notes

001b 240Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/1 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

010b 120Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/2 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

011b 80Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/3 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

100b 60Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/4 1, 2

V OM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

101b 48Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/5 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

110b 40Ω VOL(DC) = 0.1 × VDDQ 0.8 1.0 1.1 RZQ/6 1, 2

VOM(DC) = 0.33 × VDDQ 0.9 1.0 1.1

VOH(DC) = 0.5 × VDDQ 0.9 1.0 1.3

Mismatch error, DQ-to-DQ 
within a channel

0.33 × VDDQ – – 2 % 1, 2, 3
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2. Pull-down ODT resistors are recommended to be calibrated at 0.33 × VDDQ. Other calibration points may be 
required to achieve the linearity specification shown above, for example, calibration at 0.5 × VDDQ and –0.1 × VDDQ.

3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (characterized).

4. RZQ = 240Ω ±1% over entire operating range after calibration.

Output Driver and Termination Register Temperature and Voltage Sensitivity

When temperature and/or voltage change after calibration, the tolerance limits are widen according to 
the tables below.

Notes: 1. ΔT = T - T(@calibration), ΔV = V - V(@calibration)
2. dRONdT, dRONdV, dVOHdT, dVOHdV, dRTTdV, and dRTTdT are not subject to production test but are verified by design 

and characterization.
3. This parameter applies to input/output pin such as DQS, DQ, and DMI.
4. This parameter applies to input pin such as CK, CA, and CS.
5. Refer to Pull-up/Pull-down Driver Characteristics for VOHPU.

AC and DC Operating Conditions - LPDDR4

Recommended DC Operating Conditions

Operation or timing that is not specified is illegal. To ensure proper operation, the device must be 
initialized properly.

DQ-to-DQ mismatch =  RODT (MAX) - RODT (MIN)
                                              RODT (AVG)

Table 233: Output Driver and Termination Register Sensitivity Definition

Resistor
Definition 

Point Min Max Unit Notes

RONPD 0.33 × VDDQ 90 - (dRONdT × |ΔT|) - (dRONdV × |ΔV|) 110 + (dRONdT × |ΔT|) + (dRONdV × |ΔV|) % 1, 2

VOHPU 0.33 × VDDQ 90 - (dVOHdT × |ΔT|) - (dVOHdV × |ΔV|) 110 + (dVOHdT × |ΔT|) + (dVOHdV × |ΔV|) 1, 2, 5

RTT(I/O) 0.33 × VDDQ 90 - (dRONdT × |ΔT|) - (dRONdV × |ΔV|) 110 + (dRONdT × |ΔT|) + (dRONdV × |ΔV|) 1, 2, 3

RTT(IN) 0.33 × VDD2 90 - (dRONdT × |ΔT|) - (dRONdV× |ΔV|) 110 + (dRONdT × |ΔT|) + (dRONdV × |ΔV|) 1, 2, 4

Table 234: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit

dRONdT RON temperature sensitivity 0 0.75 %/˚C

dRONdV RON voltage sensitivity 0 0.20 %/mV

dVOHdT VOH temperature sensitivity 0 0.75 %/˚C

dVOHdV VOH voltage sensitivity 0 0.35 %/mV

dRTTdT RTT temperature sensitivity 0 0.75 %/˚C

dRTTdV RTT voltage sensitivity 0 0.20 %/mV

Table 235: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes

VDD1 1.7 1.8 1.95 Core 1 power V 1, 2
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Notes: 1. VDD1 uses significantly less power than VDD2.
2. The voltage range is for DC voltage only. DC voltage is the voltage supplied at the DRAM and is inclusive of all 

noise up to 20 MHz at the DRAM package ball.
3. The voltage noise tolerance from DC to 20 MHz exceeding a peak-to-peak tolerance of 45mV at the DRAM ball is 

not included in the TdIVW.

Output Slew Rate and Overshoot/Undershoot specifications - LPDDR4

Single-Ended Output Slew Rate

Notes: 1. SR = Slew rate; Q = Query output; se = Single-ended signal
2. Measured with output reference load.
3. 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.

4. The output slew rate for falling and rising edges is defined and measured between VOL(AC) = 0.2 × VOH(DC) and 
VOH(AC) = 0.8 × VOH(DC).

5. Slew rates are measured under average SSO conditions with 50% of the DQ signals per data byte switching.
6. Note 1-5 applies to entire table.

Figure 169: Single-Ended Output Slew Rate Definition

VDD2 1.06 1.1 1.17 Core 2 power/Input buffer power V 1, 2, 3

VDDQ 1.06 1.1 1.17 I/O buffer power V 2, 3

Table 235: Recommended DC Operating Conditions (Continued)

Symbol Min Typ Max DRAM Unit Notes

Table 236: Single-Ended Output Slew Rate

Parameter Symbol

Value

UnitsMin Max

Single-ended output slew rate (VOH = VDDQ/3) SRQse 3.5 9.0 V/ns

Output slew rate matching ratio (rise to fall) – 0.8 1.2 –
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Differential Output Slew Rate

Notes: 1. SR = Slew rate; Q = Query output; se = Differential signal
2. Measured with output reference load.
3. The output slew rate for falling and rising edges is defined and measured between VOL(AC) = –0.8 × VOH(DC) and 

VOH(AC) = 0.8 × VOH(DC).
4. Slew rates are measured under average SSO conditions with 50% of the DQ signals per data byte switching.
5. Note 1–4 applies to entire table.

Figure 170: Differential Output Slew Rate Definition

LVSTL I/O System - LPDDR4

LVSTL I/O cells are comprised of a driver pull-up and pull-down and a terminator.

Table 237: Differential Output Slew Rate

Parameter Symbol

Value

UnitsMin Max

Differential output slew rate (VOH = VDDQ/3) SRQdiff 7 18 V/ns
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Figure 171: LVSTL I/O Cell

To ensure that the target impedance is achieved, calibrate the LVSTL I/O cell as following example:

1. Calibrate the pull-down device against a 240 ohm resistor to VDDQ via the ZQ pin.

• Set strength control to minimum setting
• Increase drive strength until comparator detects data bit is less than VDDQ/3

• NMOS pull-down device is calibrated to 120 ohms

2. Calibrate the pull-up device against the calibrated pull-down device.
• Set VOH target and NMOS controller ODT replica via MRS (VOH can be automatically controlled by 

ODT MRS)
• Set strength control to minimum setting
• Increase drive strength until comparator detects data bit is greater than VOH target

• NMOS pull-up device is calibrated to VOH target

Figure 172: Pull-Up Calibration
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200b: x32 Automotive LPDDR4X/LPDDR4 SDRAM
Revision History

Revision History

Rev. E – 6/2022

• Corrected page 1 to include Automotive reference in the header and title
• Reinstated Temperature Sensor section

Rev. D – 3/2022

• Updated legal status to Production
• Corrected MR0 OP[0] to 1b in Product Specific Mode Register Definition

Rev. C – 10/2021

• Added MPN for DDP

Rev. B – 7/2021

• Added package code ZW for the SDP as the physical package did not change just the tolerance 
lowered to 1.05mm max z-height. The DDP will use the FW package code.

• Updated IDD values from TBD to actual spec

Rev. A – 4/2021

• Initial release

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006
208-368-4000, micron.com/support

Micron and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.

This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein.
Although considered final, these specifications are subject to change, as further product development and data characterization sometimes 

occur.
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