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Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the VREF(CA) or VREF(DQ) levels in the device.
2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] appropriately.
3. Each of the MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set points each for CA and 

DQ are provided to allow for faster switching between terminated and unterminated operation or between 
different high-frequency settings, which may use different terminations values.

4. Notes 1–3 apply to entire table.

Table 224: VREF Setting for Range[0] and Range[1]

Function OP Range[0] Values Range[1] Values

VREF(CA) (% of VDD2 ) 
VREF(DQ) (% of VDDQ )

VREF(CA) (% of VDD2 ) 
VREF(DQ) (% of VDDQ )

VREF setting 
for MR12 
and MR14

OP[5:0] 000000b: 10.0% 011010b: 20.4% 000000b: 22.0% 011010b: 32.4%

000001b: 10.4% 011011b: 20.8% 000001b: 22.4% 011011b: 32.8%

000010b: 10.8% 011100b: 21.2% 000010b: 22.8% 011100b: 33.2%

000011b: 11.2% 011101b: 21.6% 000011b: 23.2% 011101b: 33.6%

000100b: 11.6% 011110b: 22.0% 000100b: 23.6% 011110b: 34.0%

000101b: 12.0% 011111b: 22.4% 000101b: 24.0% 011111b: 34.4%

000110b: 12.4% 100000b: 22.8% 000110b: 24.4% 100000b: 34.8%

000111b: 12.8% 100001b: 23.2% 000111b: 24.8% 100001b: 35.2%

001000b: 13.2% 100010b: 23.6% 001000b: 25.2% 100010b: 35.6%

001001b: 13.6% 100011b: 24.0% 001001b: 25.6% 100011b: 36.0%

001010b: 14.0% 100100b: 24.4% 001010b: 26.0% 100100b: 36.4%

001011b: 14.4% 100101b: 24.8% 001011b: 26.4% 100101b: 36.8%

001100b: 14.8% 100110b: 25.2% 001100b: 26.8% 100110b: 37.2%

001101b: 15.2% 100111b: 25.6% 001101b: 27.2% 
default

100111b: 37.6%

001110b: 15.6% 101000b: 26.0% 001110b: 27.6% 101000b: 38.0%

001111b: 16.0% 101001b: 26.4% 001111b: 28.0% 101001b: 38.4%

010000b: 16.4% 101010b: 26.8% 010000b: 28.4% 101010b: 38.8%

010001b: 16.8% 101011b: 27.2% 010001b: 28.8% 101011b: 39.2%

010010b: 17.2% 101100b: 27.6% 010010b: 29.2% 101100b: 39.6%

010011b: 17.6% 101101b: 28.0% 010011b: 29.6% 101101b: 40.0%

010100b: 18.0% 101110b: 28.4% 010100b: 30.0% 101110b: 40.4%

010101b: 18.4% 101111b: 28.8% 010101b: 30.4% 101111b: 40.8%

010110b: 18.8% 110000b: 29.2% 010110b: 30.8% 110000b: 41.2%

010111b: 19.2% 110001b: 29.6% 010111b: 31.2% 110001b: 41.6%

011000b: 19.6% 110010b: 30.0% 011000b: 31.6% 110010b: 42.0%

011001b: 20.0% All others: Reserved 011001b: 32.0% All others: Reserved
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Notes: 1. All values are typical.
2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. 

Only the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with 
an MRW command or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. 
The device will operate only according to the values stored in the registers for the active set point determined by 
the state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be ignored by 
the device and may be changed without affecting device operation.

4. When OP[3] = 1 the CK signals will be terminated to the value set by MR11 OP[6:4] regardless of the state of the 
ODT_CA bond pad. This overrides the ODT_CA bond pad for configurations where CA is shared by two or more 
devices but CK is not, enabling CK to terminate on all devices.

5. When OP[4] = 1 the CS signal will be terminated to the value set by MR11 OP[6:4] regardless of the state of the 
ODT_CA bond pad. This overrides the ODT_CA bond pad for configurations where CA is shared by two or more 
devices but CS is not, enabling CS to terminate on all devices.

6. For system configurations where the CK, CS, and CA signals are shared between packages, the package design 
should provide for the ODT_CA ball to be bonded on the system board outside of the memory package. This 
provides the necessary control of the ODT function for all die with shared command bus signals.

7. When OP[5] = 0, CA[5:0] will terminate when the ODT_CA bond pad is HIGH and MR11 OP[6:4] is valid and disable 
termination when ODT_CA is LOW or MR11 OP[6:4] is disabled. When OP[5] = 1, termination for CA[5:0] is disabled 
regardless of the state of the ODT_CA bond pad or MR11 OP[6:4].

8. To ensure proper operation in a multi-rank configuration, when CA, CK or CS ODT is enabled via MR11 OP[6:4] and 
also via MR22 or ODT_CA pad setting, the rank providing ODT will continue to terminate the command bus in all 
DRAM states including Active, Self-refresh, Self-refresh Power-down, Active Power-down and Precharge 
Power-down.

Table 225: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT

Table 226: MR22 Register Information

Function Type OP Data Notes

SOC ODT (controller ODT 
value for VOH calibration)

Write-only OP[2:0] 000b: Disable (default) 1, 2, 3

001b: RZQ/1

010b: RZQ/2

011b: RZQ/3

100b: RZQ/4

101b: RZQ/5

110b: RZQ/6

111b: RFU

ODTE-CK (CK ODT enabled 
for non-terminating rank)

Write-only OP[3] 0b: ODT-CK override disabled (default) 2, 3, 4, 6, 8

1b: ODT-CK override enabled

ODTE-CS (CS ODT enabled for 
non-terminating rank)

Write-only OP[4] 0b: ODT-CS override disabled (default) 2, 3, 5, 6, 8

1b: ODT-CS override enabled

ODTD-CA (CA ODT termina-
tion disable)

Write-only OP[5] 0b: CA ODT obeys ODT_CA bond pad (default) 2, 3, 6, 7, 8

1b: CA ODT disabled

ODTD for x8_2ch (Byte) mode Write-only OP[7:6] See Byte Mode section
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Burst READ Operation - LPDDR4 ATE Condition

tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are 
referenced to a specific voltage level that specifies when the device output is no longer driving 
tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS) and tLZ(DQ). This section shows a method to 

calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving 
tLZ(DQS) and tLZ(DQ), by measuring the signal at two different voltages. The actual voltage measure-

ment points are not critical as long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ), 
tHZ(DQS), and tHZ(DQ) are defined as single ended.

tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)

Figure 182: tLZ(DQS) Method for Calculating Transitions and Endpoint

Notes: 1. Conditions for calibration: Pull down driver RON = 40 ohms, VOH = VDDQ/3.
2. Termination condition for DQS_t and DQS_C = 50 ohms to VSSQ.
3. The VOH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device tolerances. Use the actual VOH 

value for tHZ and tLZ measurements.

CK_c

DQS_cVOH

VSW2

VSW1

End point: Extrapolated point

CK_t – CK_c crossing at the second CAS-2 of READ command

0V

0.5 x VOH

CK_t

tLZ(DQS)
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Figure 183: tHZ(DQS) Method for Calculating Transitions and Endpoint

Notes: 1. Conditions for calibration: Pull down driver RON = 40 ohms, VOH = VDDQ/3.
2. Termination condition for DQS_t and DQS_C = 50 ohms to VSSQ.
3. The VOH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device tolerances. Use the actual VOH 

value for tHZ and tLZ measurements.

Table 227: Reference Voltage for tLZ(DQS), tHZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter 

Symbol Vsw1 Vsw2 Unit

DQS_c Low-Z time 
from CK_t, CK_c

tLZ(DQS) 0.4 × VOH 0.6 × VOH V

DQS_c High-Z time 
from CK_t, CK_c

tHZ(DQS) 0.4 × VOH 0.6 × VOH

CK_c

DQS_c

VSW2

VSW1

End point: Extrapolated point

CK_t – CK_c crossing at the second CAS-2 of READ command

CK_t

tHZ(DQS)

VOH

0V

0.5 x VOH

z42m_embedded_lpddr4x_lpddr4.ditamap  Page 279  





CCM005-554574167-10809 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42m_embedded_lpddr4x_lpddr4.pdf - Rev. F 4/2022 EN © 2021 Micron Technology, Inc. All rights reserved.281

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
LPDDR4 1.10V VDDQ

2. Termination condition for DQ and DMI = 50 ohms to VSSQ.
3. The VOH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device tolerances. Use the actual VOH 

value for tHZ and tLZ measurements.

Table 228: Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter
Measured Parameter 

Symbol Vsw1 Vsw2 Unit

DQ Low-Z time 
from CK_t, CK_c

tLZ(DQ) 0.4 × VOH 0.6 × VOH V

DQ High-Z time 
from CK_t, CK_c

tHZ(DQ) 0.4 × VOH 0.6 × VOH
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VREF Specifications - LPDDR4

Internal VREF(CA) Specifications

The device's internal VREF(CA) specification parameters are operating voltage range, step size, VREF step 
time, VREF full-range step time, and VREF valid level.

The voltage operating range specifies the minimum required VREF setting range for LPDDR4 devices. 
The minimum range is defined by VREF,max and VREF,min.

Notes: 1. VREF(CA) DC voltage referenced to VDD2(DC).
2. VREF(CA) step size increment/decrement range. VREF(CA) at DC level.
3. VREF(CA),new = VREF(CA),old + n × VREF(CA),step; n = number of steps; if increment, use "+"; if decrement, use "–".
4. The minimum value of VREF(CA) setting tolerance = VREF(CA),new - 1.0% × VDD2. The maximum value of VREF(CA) 

setting tolerance = VREF(CA),new + 1.0% × VDD2. For n > 4.
5. The minimum value of VREF(CA) setting tolerance = VREF(CA),new - 0.10% × VDD2. The maximum value of VREF(CA) 

setting tolerance = VREF(CA),new + 0.10% × VDD2. For n < 4.
6. Measured by recording the minimum and maximum values of the VREF(CA)output over the range, drawing a 

straight line between those points and comparing all other VREF(CA) output settings to that line.
7. Measured by recording the minimum and maximum values of the VREF(CA) output across four consecutive steps (n 

= 4), drawing a straight line between those points and comparing all other VREF(CA) output settings to that line.
8. Time from MRW command to increment or decrement one step size for VREF(CA).
9. Time from MRW command to increment or decrement VREF,min to VREF,max or VREF,max to VREF,min change across 

the VREF(CA) range in VREF voltage.
10. Only applicable for DRAM component level test/characterization purposes. Not applicable for normal mode of 

operation. VREF valid is to qualify the step times which will be characterized at the component level.

Table 229: Internal VREF(CA) Specifications

Symbol Parameter Min Typ Max Unit Notes

VREF(CA),max_r0 VREF(CA) range-0 MAX operat-
ing point

– – 30% VDD2 1, 11

VREF(CA),min_r0 VREF(CA) range-0 MIN operat-
ing point

10% – – VDD2 1, 11

VREF(CA),max_r1 VREF(CA) range-1 MAX operat-
ing point

– – 42% VDD2 1, 11

VREF(CA),min_r1 VREF(CA) range-1 MIN operat-
ing point

22% – – VDD2 1, 11

VREF(CA),step VREF(CA) step size 0.30% 0.40% 0.50% VDD2 2

VREF(CA),set_tol VREF(CA) set tolerance –1.00% 0.00% 1.00% VDD2 3, 4, 6

–0.10% 0.00% 0.10% VDD2 3, 5, 7

tVREF_TIME-SHORT VREF(CA) step time – – 100 ns 8

tVREF_TIME-MIDDLE – – 200 ns 12

tVREF_TIME-LONG – – 250 ns 9

tVREF_time_weak
– – 1 ms 13, 14

VREF(CA)_val_tol VREF(CA) valid tolerance –0.10% 0.00% 0.10% VDD2 10
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11. DRAM range-0 or range-1 set by MR12 OP[6].
12. Time from MRW command to increment or decrement more than one step size up to a full range of VREF voltage 

within the same VREF(CA) range.
13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0b.

14. tVREF_time_weak covers all VREF(CA) range and value change conditions are applied to tVREF_-
TIME-SHORT/MIDDLE/LONG.

Internal VREF(DQ) Specifications

The device's internal VREF(DQ) specification parameters are operating voltage range, step size, VREF 
step tolerance, VREF step time and VREF valid level.

The voltage operating range specifies the minimum required VREF setting range for LPDDR4 devices. 
The minimum range is defined by VREF,max and VREF,min.

Notes: 1. VREF(DQ) DC voltage referenced to VDDQ(DC).
2. VREF(DQ) step size increment/decrement range. VREF(DQ) at DC level.
3. VREF(DQ),new = VREF(DQ),old + n × VREF(DQ),step; n = number of steps; if increment, use "+"; if decrement, use "–".
4. The minimum value of VREF(DQ) setting tolerance = VREF(DQ),new - 1.0% × VDDQ. The maximum value of VREF(DQ) 

setting tolerance = VREF(DQ),new + 1.0% × VDDQ. For n > 4.
5. The minimum value of VREF(DQ)setting tolerance = VREF(DQ),new - 0.10% × VDDQ. The maximum value of VREF(DQ) 

setting tolerance = VREF(DQ),new + 0.10% × VDDQ. For n < 4.
6. Measured by recording the minimum and maximum values of the VREF(DQ) output over the range, drawing a 

straight line between those points and comparing all other VREF(DQ) output settings to that line.
7. Measured by recording the minimum and maximum values of the VREF(DQ)output across four consecutive steps (n 

= 4), drawing a straight line between those points and comparing all other VREF(DQ) output settings to that line.
8. Time from MRW command to increment or decrement one step size for VREF(DQ).

Table 230: Internal VREF(DQ) Specifications

Symbol Parameter Min Typ Max Unit Notes

VREF(DQ),max_r0 VREF MAX operating point 
Range-0

– – 30% VDDQ 1, 11

VREF(DQ),min_r0 VREF MIN operating point 
Range-0

10% – – VDDQ 1, 11

VREF(DQ),max_r1 VREF MAX operating point 
Range-1

– – 42% VDDQ 1, 11

VREF(DQ),min_r1 VREF MIN operating point 
Range-1

22% – – VDDQ 1, 11

VREF(DQ),step VREF(DQ) step size 0.30% 0.40% 0.50% VDDQ 2

VREF(DQ),set_tol VREF(DQ) set tolerance –1.00% 0.00% 1.00% VDDQ 3, 4, 6

–0.10% 0.00% 0.10% VDDQ 3, 5, 7

tVREF_TIME-SHORT VREF(DQ) step time – – 100 ns 8

tVREF_TIME-MIDDLE – – 200 ns 12

tVREF_TIME-LONG – – 250 ns 9

tVREF_time_weak
– – 1 ms 13, 14

VREF(DQ),val_tol VREF(DQ) valid tolerance –0.10% 0.00% 0.10% VDDQ 10
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9. Time from MRW command to increment or decrement VREF,min to VREF,max or VREF,max to VREF,min change across 
the VREF(DQ) Range in VREF(DQ) Voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applicable for normal mode of 
operation. VREF valid is to qualify the step times which will be characterized at the component level.

11. DRAM range-0 or range-1 set by MR14 OP[6].
12. Time from MRW command to increment or decrement more than one step size up to a full range of VREF voltage 

within the same VREF(DQ) range.
13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0.

14. tVREF_time_weak covers all VREF(DQ) Range and Value change conditions are applied to tVREF_-
TIME-SHOR/MIDDLE/LONG.
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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 231: 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 232: 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 233: 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 186: 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)

R
TT

 =   VOUT
           |I

OUT
|

To other
circuitry

like RCV, ...
ODT

RTT

IOUT

CA

VOUT

VSS

VDD2

Table 234: 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 235: 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 236: 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 187: Functional Representation of DQ ODT
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Table 237: 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 237: 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 238: 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 239: 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 240: 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 241: 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 188: 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 241: Recommended DC Operating Conditions (Continued)

Symbol Min Typ Max DRAM Unit Notes

Table 242: 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 –

VOH(AC)

VCENT

VOL(AC)

Time

Si
n

g
le

-E
n

d
ed

 O
u

tp
u

t 
V

o
lt

ag
e 

(D
Q

)

TFSE

TRSE

z42m_embedded_lpddr4x_lpddr4.ditamap  Page 292  



CCM005-554574167-10809 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42m_embedded_lpddr4x_lpddr4.pdf - Rev. F 4/2022 EN © 2021 Micron Technology, Inc. All rights reserved.293

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
LPDDR4 1.10V VDDQ

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 189: 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 243: 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 190: 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 191: Pull-Up Calibration
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Product Specific Mode Register definition

Notes: 1. The contents of Product Specific Mode Register definition will reflect information specific to each die in these pack-
ages.

2. Other bits not defined above and other mode registers are referred to Mode Register Assignments and Definitions 
section.

3. When not using PPR function, PPR protection should be enabled to prevent unintended PPR entry.(MR3 OP[2] = 
1b).

4. Before using PPR function, confirm the availability of PPR resource by reading MR25.
5. Notes 1 and 2 apply to entire table.

Table 244: Mode Register Contents

Mode 
Register OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

MR0 RFM sup-
port

Latency 
mode

REF

OP[0] =
OP[1] =
OP[2] =

1b: Only modified refresh mode supported
0b: Device supports normal latency 
0b: Device supports TRR

MR3 PPRP3

OP[2] = 0b: PPR protection disabled (default) 
1b: PPR protection enabled

MR5 Manufacturer ID

 1111 1111b: Micron

MR6  Revision ID1

 0000 0111b

MR8 I/O width  Density

OP[7:6] = 
00b: x16/channel

OP[5:2] =
OP[5:2] =

0100b: 16Gb dual-channel die 
0110b: 16Gb single-channel die

MR13 VRO

OP[2] = 0b: Normal operation (default)
1b: Output the VREF(CA) value on DQ7 and VREF(DQ) value on DQ6

MR24 TRR mode Unlimited 
MAC

MAC value

 OP[3:0] = 1000b: Unlimited MAC

OP[7] = 0b: Disable (default) 
1b: Reserved

MR25 PPR resources4

Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0

0b: PPR resource is not available 
1b: PPR resource is available
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Revision History

Revision History

Rev. F – 04/2022

• Updated legal status to production for 556-ball DDP (package code: HJ)
• Updated Product Specific Mode Register Definition: MR0 OP0 to 1b

Rev. E – 02/2022

• Updated legal status to production for 200-ball SDP (ZW) and 200-ball DDP (FW)

Rev. D – 11/2021

• Added part numbers of DDP quad channels
• Added package codes NZ (376-ball) and HJ (556-ball) for the DDP quad-channel packages

Rev. C – 09/2021

• 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

• Changed MPN for SDP
• Added IT temperature

Rev. B – 05/2021

• Added D2 information
• Removed duplicate specification information
• Added IDD tables

Rev. A – 04/2021

• Initial release
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