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

Function OP Range[0] Values Range[1] Values
VRer(ca) (% of Vppy ) VRerca) (%0 of Vpps )
VRer(pQ) (% of Vppg ) VRer(pQ) (% of Vppq )

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

;‘:]LMMRF;Li 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% 100111b: 37.6%

default

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

Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the Vrercay OF Vrer(pg) l€Vels 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.
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Table 225: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
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 Write-only | OP[2:0] | 000b: Disable (default) 1,2,3
value for Vgy calibration) 001b: R/

010b: Rzo/2

011b: Rz/3

100b: Rzg/4

101b: Rzq/5

110b: Rz/6

111b: RFU
ODTE-CK (CK ODT enabled Write-only | OP[3] |Ob: ODT-CK override disabled (default) 2,3,4,6,8
for non-terminating rank) 1b: ODT-CK override enabled
ODTE-CS (CS ODT enabled for | Write-only | OP[4] |Ob: ODT-CS override disabled (default) 2,3,5,6,8
hon-terminating rank) 1b: ODT-CS override enabled
ODTD-CA (CA ODT termina- | Write-only | OP[5] |Ob: CA ODT obeys ODT_CA bond pad (default) 2,3,6,7,8
tion disable) 1b: CA ODT disabled
ODTD for x8_2ch (Byte) mode | Write-only | OP[7:6] | See Byte Mode section

Notes: 1.
2.

All values are typical.

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.

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.

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.

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.

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.

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].

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.
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Burst READ Operation - LPDDR4 ATE Condition

t . 72(DQS), 1LZ(DQ), tHZ(DQS), HZ(DQ) Calculation

'HZ and 'LZ 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

'HZ(DQS) and 'HZ(DQ), or begins driving ‘LZ(DQS) and 'LZ(DQ). This section shows a method to
calculate the point when the device is no longer driving 'HZ(DQS) and ‘HZ(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 L.Z(DQS), 'LZ(DQ),
'HZ(DQS), and 'HZ(DQ) are defined as single ended.

Y 7(DQS) and *HZ(DQS) Calculation for ATE (Automatic Test EqQuipment)

Figure 182: 'L.Z(DQS) Method for Calculating Transitions and Endpoint

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

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

value for *HZ and 'L.Z measurements.

CCMO005-554574167-10809 278 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42m_embedded_lpddr4x_Ipddr4.pdf - Rev. F 4/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary
/7|C|'0n® LPDDR4X/LPDDR4 SDRAM
LPDDR4 1.10V VDDQ

Figure 183: 'HZ(DQS) Method for Calculating Transitions and Endpoint

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

tHZ(DQS)
(: /End point: Extrapolated point

Vow "Iy T T T T T
\
V
Sw2
05xV,, — — — — — \- LI
VSW1
\
oV - — — — — — — — >-----DQS_c

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

value for tHZ and 'LZ measurements.

Table 227: Reference Voltage for 'LZ(DQS), *HZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswl Vsw2 Unit

DQS_c Low-Z time Y1.7(DQS) 0.4 x Voy 0.6 x Vpoy \%
from CK_t, CK ¢

DQS_c High-Z time tHZ(DQS) 0.4 x Von 0.6 x Von
from CK_t, CK ¢
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2. Termination condition for DQ and DMI = 50 ohms to Vggq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device tolerances. Use the actual Vgy

value for *HZ and 'L.Z measurements.

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

Measured Parameter
Measured Parameter Symbol Vswil Vsw2 Unit
DQ Low-Z time Y 7(DQ) 0.4 x Vo 0.6 x Vo \%
from CK_t, CK ¢
DQ High-Z time tHZ(DQ) 0.4 x Von 0.6 x Von
from CK_t, CK_¢
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Vrer Specifications - LPDDR4

Internal Vgerca) Specifications

The device's internal Vggg(ca) specification parameters are operating voltage range, step size, Vygp step
time, Vggr full-range step time, and Vggg valid level.

The voltage operating range specifies the minimum required Vg setting range for LPDDR4 devices.
The minimum range is defined by VRgp max and VRgg min-

Table 229: Internal Vgegca) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(CA),max_r0 VRer(ca) range-0 MAX operat- - - 30% Vbp2 1,11
ing point
VREF(CA),min_r0 VRer(ca) range-0 MIN operat- 10% - - Vpp2 1,11
ing point
VREF(CA),max_rl VREF(CA) range-1 MAX operat- - - 42% Vbp2 1,11
ing point
VREF(CA),min_r1 VRer(ca) range-1 MIN operat- 22% - - Vbp2 1,11
ing point
VREF(CA),step VREF(CA) step size 0.30% 0.40% 0.50% VDD2 2
VREF(CA) set_tol VRer(ca) set tolerance -1.00% 0.00% 1.00% Vpp2 3,4,6
-0.10% 0.00% 0.10% Vbp2 3,57
Wrer TIME-SHORT | VRer(ca) Step time - - 100 ns 8
Weer TIME-MIDDLE - - 200 ns 12
YWeer_TIME-LONG - - 250 ns 9
tVREF_time_Weak - - 1 ms 13,14
VREF(CA)_val_tol VRer(ca) valid tolerance -0.10% 0.00% 0.10% Vpp2 10

Notes: 1.
2.
3.
4,

10.

Vrerca) DC voltage referenced to Vppo(pey-

VRer(ca) Step size increment/decrement range. Vgerca) at DC level.

VRer(cA)new = VREF(CA)0ld + N * VReF(CcA) step; N = NUMber of steps; if increment, use "+"; if decrement, use
The minimum value of Vgerca) setting tolerance = Vgerca) new - 1.0% x Vppy. The maximum value of Veerca)
setting tolerance = Vrer(ca) new + 1.0% x Vppy. For n > 4.

The minimum value of Vgepca) setting tolerance = Vrercay new - 0.10% x Vppy. The maximum value of Veer(ca)
setting tolerance = Vrer(ca) new + 0.10% x Vppy. For n < 4.

Measured by recording the minimum and maximum values of the Vgercajoutput over the range, drawing a
straight line between those points and comparing all other Vgerca) Output settings to that line.

Measured by recording the minimum and maximum values of the Vgerca) Output across four consecutive steps (n
= 4), drawing a straight line between those points and comparing all other Vgerca) Output settings to that line.
Time from MRW command to increment or decrement one step size for Vper(ca)-

Time from MRW command to increment or decrement Vger min 10 VRer max OF VRer, max O VRrer, min Change across
the Veer(ca) range in Veer voltage.

Only applicable for DRAM component level test/characterization purposes. Not applicable for normal mode of
operation. Vggr valid is to qualify the step times which will be characterized at the component level.
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12. Time from MRW command to increment or decrement more than one step size up to a full range of Vggr voltage
within the same Vpgr(ca) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = Ob.

14. Wger_time_weak covers all VRrer(ca) range and value change conditions are applied to Veer_ -
TIME-SHORT/MIDDLE/LONG.

Internal Vger(po) Specifications

The device's internal Vggppq) specification parameters are operating voltage range, step size, Vg

step tolerance, Vygr step time and Vygg valid level.

The voltage operating range specifies the minimum required Vgg setting range for LPDDR4 devices.
The minimum range is defined by VRgp max and VRgg min-

Table 230: Internal Vger(pg) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(DQ),max_r0 Vrer MAX operating point - - 30% Vbpo 1,11
Range-0
VREF(DQ),min_r0 Vgee MIN operating point 10% - - Vbbo 1,11
Range-0
VREF(DQ),max_r1 Vree MAX operating point - - 42% Vbbpo 1,11
Range-1
VREF(DQ),min_r1 Vger MIN operating point 22% - - Vbbo 1,11
Range-1
VREF(DQ),step VRer(DQ) Step size 0.30% 0.40% 0.50% Vbbpg 2
VREF(DQ),set_tol VRerpQ) set tolerance -1.00% 0.00% 1.00% Vbbo 3,4,6
-0.10% 0.00% 0.10% Vbbpo 3,57
YWeer TIME-SHORT | VRer(DQ) Step time - - 100 ns 8
Weer TIME-MIDDLE - - 200 ns 12
YWrer_TIME-LONG - - 250 ns 9
tVREF_time_Weak - - 1 ms 13,14
VREF(DQ),val_tol VRerpg) valid tolerance -0.10% 0.00% 0.10% Vbpo 10

Notes: 1. Vgerpg) DC voltage referenced to Vppg(pe)-

2. VRer(Do) Step size increment/decrement range. Veer(pgy at DC level.

3. VRer(DQ),new = VREF(DQ),0ld + N * VREF(DQ) steps N = NUmMber of steps; if increment, use "'+"; if decrement, use

4. The minimum value of Vrer(pq) setting tolerance = Vrer(p),new - 1.0% x Vppg. The maximum value of Veerpg)

setting tolerance = Vrer(pg),new + 1.0% x Vppg. Forn>4.

5. The minimum value of Vgerpgysetting tolerance = Vererpg) new - 0-10% x Vppg. The maximum value of Veerpg)

setting tolerance = Vrer(pg),new + 0.10% x Vppg. Forn< 4.

6. Measured by recording the minimum and maximum values of the Vgerpg) output over the range, drawing a

straight line between those points and comparing all other Vgerpg) Output settings to that line.

7. Measured by recording the minimum and maximum values of the Vrerpg)joutput across four consecutive steps (n
= 4), drawing a straight line between those points and comparing all other Vperpg) output settings to that line.
8. Time from MRW command to increment or decrement one step size for Vrerpg)-
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9. Time from MRW command to increment or decrement Veer min tO VRer max OF VRer, max tO VRrer, min change across
the Vrerpg) Range in Veerpg) Voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applicable for normal mode of
operation. Vgge 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 OPJ[6].
12. Time from MRW command to increment or decrement more than one step size up to a full range of Vggr voltage

within the same Vggr(pg) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0.

14. tVREF_time_Weak covers all Vrer(pg) Range and Value change conditions are applied to Weer -
TIME-SHOR/MIDDLE/LONG.
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Command Definitions and Timing Diagrams - LPDDR4

Pull Up/Pull Down Driver Characteristics and Calibration

Table 231: Pull-Down Driver Characteristics — ZQ Calibration

Ronpp-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 Rzo/5
60 ohms RONGOPD 0.90 1.0 1.10 Rzo/4
80 ohms RoNSoPD 0.90 1.0 1.10 Rzo/3
120 ohms RoN120PD 0.90 1.0 1.10 Rzo/2
240 ohms RoN240PD 0.90 1.0 1.10 Rzof1
Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are +30%.
Table 232: Pull-Up Characteristics - ZQ Calibration
Vonpu-NOM Von,nom Min Nom Max Unit
Vppo/2.5 440 0.90 1.0 1.10 Von,nom
Vppo/3 367 0.90 1.0 1.10 Vop,.nom
Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are +30%.
2. Vop,nom (mV) values are based on a nominal Vppg = 1.1V.
Table 233: Terminated Valid Calibration Points
ODT Value
VoHpu 240 120 80 60 48 40
VDDQ/2.5 Valid Valid Valid DNU DNU DNU
Vopo/3 Valid Valid Valid Valid Valid Valid
Notes: 1. Once the output is calibrated for a given Vgynom) calibration point, the ODT value may be changed without reca-
libration.
2. If the Vonnom) 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.
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Figure 186: ODT for CA
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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).

Table 234: Command Bus ODT State

CA ODT ODT_CA ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] Bond Pad | MR22 OP[5] | MR22 OP[3] | MR22 OP[4] for CA for CK for CS
Disabled? valid? valid® valid3 valid® Off Off Off
valid 3 0 valid3 0 0 Off Off Off
Valid 3 0 valid3 0 1 Off Off On
Valid 3 0 valid® 1 0 Off Oon Off
valid 3 0 valid® 1 1 Off On On
valid 3 1 0 valid® valid® On On On
valid 3 1 1 Valid® Valid3 Off on On

Notes: 1. Default value.
2. Valid = H or L (a defined logic level)
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3. Valid=0or1.
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

Table 235: ODT DC Electrical Characteristics for Command/Address Bus - up to 3200 Mb/s

MR11 OP[6:4] Rt Vour Min Nom Max Unit Notes
001b 2400 Voupe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/1 1,2
Vomc) = 0-33 x Vppy 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 1.2
010b 1200 Voupe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/2 1,2
Vompe) = 0.33 x Vpp, 0.9 1.0 1.1
Voroe) = 0.5 % Vppy 0.9 1.0 1.2
011b 800 Vorpg) = 0-1 x Vppy 0.8 1.0 1.1 Rzo/3 1,2
Vompe) = 033 x Vpp, 0.9 1.0 1.1
Vorc) = 0.5 % Vppy 0.9 1.0 1.2
100b 600 VoL(pc) = 0.1 x Vppy 0.8 1.0 1.1 Rzol4 1,2
V omoc) = 0.33 x Vppy 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 1.2
101b 480 Voupe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/5 1,2
Vompe) = 0.33 x Vpp, 0.9 1.0 1.1
Voroe) = 0.5 x Vppy 0.9 1.0 1.2
110b 400 Vorpg) = 0-1 x Vppy 0.8 1.0 1.1 Rzo/6 1,2
Vomc) = 0-33 x Vppy 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 1.2
Mismatch, CA -CA within clock 0.33 x Vppo - - 2 % 1,2,3
group

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 x Vpp,. Other calibration points may be
required to achieve the linearity specification shown above, for example, calibration at 0.5 x Vpp, and 0.1 x Vpp,.

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

(MAX) - R, (MIN)

(AVG)

CA-to-CA mismatch = Roor

RODT
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4. Rzq = 2400 £1% over entire operating range after calibration.

Table 236: ODT DC Electrical Characteristics for Command/Address Bus - Beyond 3200 Mb/s

MR11 OP[6:4] Rer Vour Min Nom Max Unit Notes
001b 2400 Voupe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/1 1,2
Vomc) = 0-33 x Vppy 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 1.3
010b 1200 Voupe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/2 1,2
Vompe) = 0.33 x Vpp, 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 1.3
011b 800 Vorpg) = 0-1 x Vppy 0.8 1.0 1.1 Rzo/3 1,2
Vompe) = 033 x Vpp, 0.9 1.0 1.1
Vorc) = 0.5 % Vppy 0.9 1.0 1.3
100b 600 VoL(oc) = 0-1 x Vppy 0.8 1.0 1.1 Rzol4 1,2
V omoe) = 0.33 x Vppy 0.9 1.0 1.1
Vorc) = 0.5 x Vppy 0.9 1.0 13
101b 480 Voipe) = 0.1 x Vppy 0.8 1.0 1.1 Rzo/5 1,2
Vompe) = 0.33 x Vpp, 0.9 1.0 1.1
Voroe) = 0.5 x Vppy 0.9 1.0 1.3
110b 400 Vorpgy = 0-1 x Vppy 0.8 1.0 1.1 Rzo/6 1,2
Vomc) = 0-33 x Vppy 0.9 1.0 11
Vorc) = 0.5 % Vppy 0.9 1.0 1.3
Mismatch, CA -CA within clock 0.33 x Vppo - - 2 % 1,2,3
group

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 x Vpp,. Other calibration points may be
required to achieve the linearity specification shown above, e.g. calibration at 0.5 x Vpp, and 0.1 x Vpps.

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

CA-to-CA mismatch = Roor (MAX) - Ry (MIN)
(AVG)

R
oDT
4. Rzq = 2400 +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.
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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 Ryr 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] Rer Vour Min Nom Max Unit Notes
001b 2400 Voo = 0-1 % Vppo 0.8 1.0 1.1 Rzo/L 1,2
Vomoe) = 0-33 x Vppg 0.9 1.0 1.1
Vom(oo) = 05 * Vopo 0.9 1.0 1.2
010b 1200 Voo = 0-1 % Vppo 0.8 1.0 1.1 Rzo/2 1,2
Vomoo) = 033 x Vopo 0.9 1.0 1.1
Vom(oo) = 0-5 * Vopo 0.9 1.0 1.2
011b 800 Voupe) = 0.1 x Vppo 0.8 1.0 1.1 Rzo/3 1,2
Vomoo) = 0-33 x Vppo 0.9 1.0 11
Voroo) = 05 * Vopo 0.9 1.0 1.2
100b 600 Voo = 0-1 % Vppo 08 1.0 1.1 Rzol4 1,2
V omoe) = 0-33 x Vppo 0.9 1.0 1.1
Vom(oo) = 05 * Vopo 0.9 1.0 1.2
101b 480 Voupe) = 0-1 x Vppo 0.8 1.0 1.1 Rzo/5 1,2
Vomoo) = 033 x Vppo 0.9 1.0 11
Vom(oo) = 0-5 * Vopo 0.9 1.0 1.2
110b 400 Voupgy = 0.1 x Vppo 0.8 1.0 1.1 Rzo/6 1,2
Vomoo) = 0-33 x Vppo 0.9 1.0 1.1
Voroo) = 05 * Vopo 0.9 1.0 1.2
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Table 237: ODT DC Electrical Characteristics for DQ Bus- up to 3200 Mb/s

MR11 OP[2:0] ‘ Rt Vour Min Nom Max Unit Notes
Mismatch error, DQ-to-DQ 0.33 x VDDQ - - 2 % 1,2,3
within a channel

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 x Vppg. Other calibration points may be

required to achieve the linearity specification shown above, (for example, calibration at 0.5 x Vppg and -0.1 x
VDDQ'
3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (characterized).

DQ-to-DQ mismatch= Roor (MAX) - Ry; (MIN)
(AVG)

R
oDT
4. Rzq =240Q 1% over entire operating range after calibration.

Table 238: ODT DC Electrical Characteristics for DQ Bus — Beyond 3200 Mb/s

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
001b 2400 VOL(DC) =0.1x VDDQ 0.8 1.0 1.1 RZQ/]' 1, 2
VOM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5«x VDDQ 0.9 1.0 1.3
010b 1200 VOL(DC) =0.1x VDDQ 0.8 1.0 1.1 RZQ/2 1, 2
VOM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5«x VDDQ 0.9 1.0 1.3
011b 800 VoLpe) = 0.1 x Vppo 0.8 1.0 1.1 Rzo/3 1,2
VOM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5«x VDDQ 0.9 1.0 1.3
100b 600 VOL(DC) =0.1x VDDQ 0.8 1.0 1.1 RZQ/4 1, 2
\Y OM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5«x VDDQ 0.9 1.0 1.3
101b 480 Voupe) = 0.1 x Vppg 0.8 1.0 1.1 Rzq/5 1,2
VOM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5x VDDQ 0.9 1.0 1.3
110b 400 VOL(DC) =0.1 x VDDQ 0.8 1.0 1.1 RZQ/6 1, 2
VOM(DC) =0.33 x VDDQ 0.9 1.0 1.1
VOH(DC) =0.5«x VDDQ 0.9 1.0 1.3
Mismatch error, DQ-to-DQ 0.33 x Vppg - - 2 % 1,2,3
within a channel

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.
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2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vppg. Other calibration points may be
required to achieve the linearity specification shown above, for example, calibration at 0.5 x Vppg and -0.1 x Vppq.
3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (characterized).

DQ-to-DQ mismatch= Roor (MAX) - Roor (MIN)
R. .. (AVG)

oDT

4. Rzq =240Q +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.

Table 239: Output Driver and Termination Register Sensitivity Definition

Definition
Resistor Point Min Max Unit | Notes
Ronpp 0.33 x Vppq | 90 - (dRongt * |AT]) - (dRongy * [AV]) | 110 + (dRongr * IAT]) + (dRonay * [AV]) | % 1,2
VoHpu 0.33 xVppqg | 90 - (dVopgr  IAT]) - (dVopgy x |AV]) | 110 + (dVougr * [AT]) + (dVopgy x 1AV]) 1,2,5
Rr(10) 0.33 x Vppg | 90 - (dRongT * |AT]) - (dRongy % 1AV]) | 110 + (dRongT * |AT]) + (dRongy x [AV]) 1,23
Rrrany 0.33 x Vppz | 90 - (dRongr * [AT]) - (dRonavx [AV]) | 110 + (dRongT * |AT]) + (dRongy * [AV]) 1,2,4

Notes: 1. AT =T - T(@calibration), AV =V - V(@calibration)
2. dRongT: dRondys AVondT: AVoHrgy: ARty and dRyrgt 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 Voppy-

Table 240: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRongT Ron temperature sensitivity 0 0.75 %/°C
dRongv Ron Voltage sensitivity 0 0.20 %/mV
dVoHdr Von temperature sensitivity 0 0.75 %/°C
dVoHav Von Voltage sensitivity 0 0.35 %/mV
dRrgT Rt temperature sensitivity 0 0.75 %/°C
dRTav Ryt voltage sensitivity 0 0.20 %/mV

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.

Table 241: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vpp1 1.7 1.8 1.95 Core 1 power \Y 1,2
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Table 241: Recommended DC Operating Conditions (Continued)

Symbol Min Typ Max DRAM Unit Notes
Vbp2 1.06 11 117 Core 2 power/Input buffer power \ 1,23
Vbpo 1.06 11 1.17 I/O buffer power \Y 2,3
Notes: 1. Vpp; uses significantly less power than Vpp,.
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

Table 242: Single-Ended Output Slew Rate

Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Vou = Vppo/3) SRQse 35 9.0 Vins
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -
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 Vg (ac) = 0.2 x Vopypc) and
Vorac) = 0-8 x Vorpoy-

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
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Differential Output Slew Rate

Table 243: Differential Output Slew Rate

Value
Parameter Symbol Min Max Units
Differential output slew rate (Vo = Vppo/3) SRQdiff 7 18 Vins

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 Vg ac) = -0.8 x Vopypc) and

Von(ac) = 0-8 x Vop(pe)-
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
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LVSTL I/O System - LPDDR4

LVSTL1/0 cells are comprised of a driver pull-up and pull-down and a terminator.
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Figure 190: LVSTL I/O Cell
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To ensure that the target impedance is achieved, calibrate the LVSTL1/0 cell as following example:

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

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

NMOS pull-down device is calibrated to 120 ohms

2. Calibrate the pull-up device against the calibrated pull-down device.

Set Vo target and NMOS controller ODT replica via MRS (Vgy can be automatically controlled by
ODT MRS)

Set strength control to minimum setting

Increase drive strength until comparator detects data bit is greater than Vg target

NMOS pull-up device is calibrated to Vg target
Figure 191: Pull-Up Calibration
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Product Specific Mode Register definition

Table 244: Mode Register Contents

Mode
Register OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MRO RFM sup- Latency REF
port mode
OP[0] = 1b: Only modified refresh mode supported
OP[1] = Ob: Device supports normal latency
OP[2] = Ob: Device supports TRR
MR3 PPRP3
OP[2] = Ob: PPR protection disabled (default)
1b: PPR protection enabled
MR5 Manufacturer ID
1111 1111b: Micron
MR6 Revision ID1
0000 0111b
MR8 1/0 width Density
OP[7:6] = OP[5:2] = 0100b: 16Gb dual-channel die
00b: x16/channel OP[5:2] = 0110b: 16Gb single-channel die
MR13 VRO
OP[2] = Ob: Normal operation (default)
1b: Output the Vgerca) Value on DQ7 and Vger(pg) value on DQ6
MR24 TRR mode Unlimited MAC value
MAC
OP[3:0] = 1000b: Unlimited MAC
OP[7] = Ob: Disable (default)
1b: Reserved
MR25 PPR resources®
Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0
Ob: PPR resource is not available
1b: PPR resource is available

Notes: 1. The contents of Product Specific Mode Register definition will reflect information specific to each die in these pack-
2. ?)%ﬁzr bits not defined above and other mode registers are referred to Mode Register Assignments and Definitions
3. f/(\a/(;]ttle(r)]nr.]ot using PPR function, PPR protection should be enabled to prevent unintended PPR entry.(MR3 OP[2] =
4, ég"ore using PPR function, confirm the availability of PPR resource by reading MR25.
5. Notes 1 and 2 apply to entire table.
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Revision History

Rev. F - 04/2022

e Updated legal status to production for 556-ball DDP (package code: HJ)
* Updated Product Specific Mode Register Definition: MR0O OPO 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

e 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
e Added IT temperature

Rev. B - 05/2021

* Added D2 information
e Removed duplicate specification information
e Added IDD tables

Rev. A - 04/2021

¢ Initial release

CCMO005-554574167-10809 296 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42m_embedded_lpddr4x_Ipddr4.pdf - Rev. F 4/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



	Part Number Ordering Information
	FBGA Part Marking Decoder

	Important Notes and Warnings
	Product Specification
	General Description
	General Notes
	Device Configuration
	Refresh Requirement Parameters
	Package Block Diagrams
	Ball Assignments and Descriptions
	Ball Descriptions and Assignments
	Package Dimensions
	Package Dimensions
	Package Dimensions
	Product Specific Mode Register Definition
	IDD Parameters
	IDD Parameters

	General LPDDR4X Specification
	Functional Description
	SDRAM Addressing
	Simplified Bus Interface State Diagram
	Power-Up and Initialization
	Voltage Ramp
	Reset Initialization with Stable Power
	Power-Off Sequence
	Controlled Power-Off
	Uncontrolled Power-Off
	Mode Registers
	Mode Register Assignments and Definitions
	Commands and Timing
	Truth Tables
	ACTIVATE Command
	Read and Write Access Modes
	Preamble and Postamble
	Burst READ Operation
	Read Timing
	tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation
	tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)
	tLZ(DQ) and tHZ(DQ) Calculation for ATE (Automatic Test Equipment)
	Burst WRITE Operation
	Write Timing
	tWPRE Calculation for ATE (Automatic Test Equipment)
	tWPST Calculation for ATE (Automatic Test Equipment)
	MASK WRITE Operation
	Mask Write Timing Constraints for BL16
	Data Mask and Data Bus Inversion (DBI [DC]) Function
	WRITE and MASKED WRITE Operation DQS Control (WDQS Control)
	WDQS Control Mode 1 – Read-Based Control
	WDQS Control Mode 2 – WDQS_On/Off
	Preamble and Postamble Behavior
	Preamble, Postamble Behavior in READ-to-READ Operations
	READ-to-READ Operations – Seamless
	READ-to-READ Operations – Consecutive
	WRITE-to-WRITE Operations – Seamless
	WRITE-to-WRITE Operations – Consecutive
	PRECHARGE Operation
	Burst READ Operation Followed by Precharge
	Burst WRITE Followed by Precharge
	Auto Precharge
	Burst READ With Auto Precharge
	Burst WRITE With Auto Precharge
	RAS Lock Function
	Delay Time From WRITE-to-READ with Auto Precharge
	REFRESH Command
	Burst READ Operation Followed by Per-Bank Refresh
	Refresh Requirement
	Refresh Management Command
	Refresh Management Command Definition
	Refresh Management Operation Examples
	SELF REFRESH Operation
	Self Refresh Entry and Exit
	Power-Down Entry and Exit During Self Refresh
	Command Input Timing After Power-Down Exit
	Self Refresh Abort
	MRR, MRW, MPC Commands During tXSR, tRFC
	Power-Down Mode
	Power-Down Entry and Exit
	Input Clock Stop and Frequency Change
	Clock Frequency Change – CKE LOW
	Clock Stop – CKE LOW
	Clock Frequency Change – CKE HIGH
	Clock Stop – CKE HIGH
	MODE REGISTER READ Operation
	MRR After a READ and WRITE Command
	MRR After Power-Down Exit
	MODE REGISTER WRITE
	Mode Register Write States
	VREF Current Generator (VRCG)
	VREF Training
	VREF(CA) Training
	VREF(DQ) Training
	Command Bus Training
	Command Bus Training Mode
	Training Sequence for Single-Rank Systems
	Training Sequence for Multiple-Rank Systems
	Relation Between CA Input Pin and DQ Output Pin
	Write Leveling
	Mode Register Write-WR Leveling Mode
	Write Leveling Procedure
	Input Clock Frequency Stop and Change
	MULTIPURPOSE Operation
	Read DQ Calibration Training
	Read DQ Calibration Training Procedure
	Read DQ Calibration Training Example
	MPC[READ DQ CALIBRATION] After Power-Down Exit
	Write Training
	Internal Interval Timer
	DQS Interval Oscillator Matching Error
	OSC Count Readout Time
	Thermal Offset
	Temperature Sensor
	ZQ Calibration
	ZQCAL Reset
	Multichannel Considerations
	ZQ External Resistor, Tolerance, and Capacitive Loading
	Frequency Set Points
	Frequency Set Point Update Timing
	Pull-Up and Pull-Down Characteristics and Calibration
	On-Die Termination for the Command/Address Bus
	ODT Mode Register and ODT State Table
	ODT Mode Register and ODT Characteristics
	ODT for CA Update Time
	DQ On-Die Termination
	Output Driver and Termination Register Temperature and Voltage Sensitivity
	ODT Mode Register
	Asynchronous ODT
	DQ ODT During Power-Down and Self Refresh Modes
	ODT During Write Leveling Mode
	Target Row Refresh Mode
	TRR Mode Operation
	Post-Package Repair
	Failed Row Address Repair
	Read Preamble Training
	Electrical Specifications
	Absolute Maximum Ratings
	AC and DC Operating Conditions
	AC and DC Input Measurement Levels
	Input Levels for CKE
	Input Levels for RESET_n
	Differential Input Voltage for CK
	Peak Voltage Calculation Method
	Single-Ended Input Voltage for Clock
	Differential Input Slew Rate Definition for Clock
	Differential Input Cross-Point Voltage
	Differential Input Voltage for DQS
	Peak Voltage Calculation Method
	Single-Ended Input Voltage for DQS
	Differential Input Slew Rate Definition for DQS
	Differential Input Cross-Point Voltage
	Input Levels for ODT_CA
	Output Slew Rate and Overshoot/Undershoot Specifications
	Single-Ended Output Slew Rate
	Differential Output Slew Rate
	Overshoot and Undershoot Specifications
	Driver Output Timing Reference Load
	LVSTL I/O System
	Input/Output Capacitance
	IDD Specification Parameters and Test Conditions
	IDD Specifications
	AC Timing
	CA Rx Voltage and Timing
	DQ Tx Voltage and Timing
	DRAM Data Timing
	DQ Rx Voltage and Timing
	Clock Specification
	tCK(abs), tCH(abs), and tCL(abs)
	Clock Period Jitter
	Clock Period Jitter Effects on Core Timing Parameters
	Cycle Time Derating for Core Timing Parameters
	Clock Cycle Derating for Core Timing Parameters
	Clock Jitter Effects on Command/Address Timing Parameters
	Clock Jitter Effects on READ Timing Parameters
	Clock Jitter Effects on WRITE Timing Parameters

	LPDDR4 1.10V VDDQ
	Power-Up and Initialization - LPDDR4
	Mode Register Definition - LPDDR4
	Burst READ Operation - LPDDR4 ATE Condition
	tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation
	tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)
	tLZ(DQ) and tHZ(DQ) Calculation for ATE (Automatic Test Equipment)
	VREF Specifications - LPDDR4
	Internal VREF(CA) Specifications
	Internal VREF(DQ) Specifications
	Command Definitions and Timing Diagrams - LPDDR4
	Pull Up/Pull Down Driver Characteristics and Calibration
	On-Die Termination for the Command/Address Bus
	ODT Mode Register and ODT State Table
	ODT Mode Register and ODT Characteristics
	DQ On-Die Termination
	Output Driver and Termination Register Temperature and Voltage Sensitivity
	AC and DC Operating Conditions - LPDDR4
	Recommended DC Operating Conditions
	Output Slew Rate and Overshoot/Undershoot specifications - LPDDR4
	Single-Ended Output Slew Rate
	Differential Output Slew Rate
	LVSTL I/O System - LPDDR4
	Product Specific Mode Register definition

	Revision History
	Rev. F – 04/2022
	Rev. E – 02/2022
	Rev. D – 11/2021
	Rev. C – 09/2021
	Rev. B – 05/2021
	Rev. A – 04/2021


