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Table 188: Data Pattern for Ipps (DBl On) for BL = 32

DBI On Case
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Note: 1. DBIenabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL32, BL38, BL40, BL46, BL48, BL54, BL58, and BL60.

Table 189: Data Pattern for Ipp,g (DBI On) for BL = 32

DBI On Case
DQ[7] DQI[6] DQI[5] DQ[4] DQI[3] DQI[2] DQ[1] DQI[O0] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
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Table 189: Data Pattern for Ipp,sr (DBI On) for BL = 32

DBI On Case
DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQ[O] | DBI # of 1s

BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
BL6 0 0 0 0 0 0 1 1 1 3
BL7 1 1 1 1 0 0 0 0 0 4
BL8 0 0 0 0 0 0 0 0 1 1
BL9 1 1 1 1 0 0 0 0 0 4
BL10 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 0 0 0 0 0 0 1 1 1 3
BL15 1 1 1 1 0 0 0 0 0 4
BL16 0 0 0 0 0 0 1 1 1 3
BL17 1 1 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 1 1 0 2
BL19 0 0 0 0 1 1 1 1 0 4
BL20 0 0 0 0 0 0 0 0 0 0
BL21 0 0 0 0 1 1 1 1 0 4
BL22 0 0 0 0 0 0 0 0 1 1
BL23 1 1 1 1 0 0 0 0 0 4
BL24 0 0 0 0 0 0 1 1 0 2
BL25 0 0 0 0 1 1 1 1 0 4
BL26 0 0 0 0 0 0 1 1 1 3
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 0 0 1 1
BL29 1 1 1 1 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0
BL31 0 0 0 0 1 1 1 1 0 4
BL32 0 0 0 0 0 0 1 1 0 2
BL33 0 0 0 0 1 1 1 1

BL34 0 0 0 0 0 0 1 1
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Table 189: Data Pattern for Ipp,sr (DBI On) for BL = 32

DBI On Case

DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQ[0]
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Note: 1. DBIenabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL34, BL36, BL42, BL44, BL48, BL52, BL58, and BL62.
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Ipp Specifications

Ipp values are for the entire operating voltage range, and all of them are for the entire standard
temperature range.

Table 190: Ipp Specification Parameters and Operating Conditions

Power

Parameter/Condition Symbol Supply Notes
Operating one bank active-precharge current: 'CK = 'CK Ippo1 Vbp1
(MIN); 'RC = 'RC (MIN); CKE is HIGH; CS is LOW between valid com- 5002 Voo
mands; CA bus inputs are switching; Data bus inputs are stable;
ODT is disabled Ibbog VbbQ 2
Idle power-down standby current: ICK = t1CK (MIN); CKE is Ibb2p1 Vbb1
LOW; CS is LOW; All banks are idle; CA bus inputs are switching; | ¥
Data bus inputs are stable; ODT is disabled pb2p2 bb2

Ipp2rQ Vbbo 2
Idle power-down standby current with clock stop: CK_t = Ippops1 Vbp1
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; All banks are idle; CA
bus inputs are stable; Data bus inputs are stable; ODT is disabled Ibp2ps2 Vbp2

Ipp2prsQ Vbbo 2
Idle non-power-down standby current: 'CK = 'CK (MIN); CKE is Ipp2n1 Vbb1
HIGH; CS is LOW; All banks are idle; CA bus inputs are switching; | v
Data bus inputs are stable; ODT is disabled DD2N2 pb2

Ibp2ng VbpQ 2
Idle non-power-down standby current with clock stopped: IpD2NsS1 Vpp1
CK_t = LOW, CK_c = HIGH; CKE is HIGH; CS is LOW; All banks are I v
idle; CA bus inputs are stable; Data bus inputs are stable; ODT is DD2NS2 DD2
disabled IDD2NSQ Vbpo 2
Active power-down standby current: 'CK = 'CK (MIN); CKE is Ibpsp1 Vbbp1
LOW,; CS is LOW; One bank is active; CA bus inputs are switching; | v
Data bus inputs are stable; ODT is disabled pD3p2 pb2

Ipp3ro Vbbo 2
Active power-down standby current with clock stop: CK_t = Ibp3ps1 Vpp1
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; One bank is active; CA
bus inputs are stable; Data bus inputs are stable; ODT is disabled Ibpaps2 Vbp2

Ipp3psg Vbba 3
Active non-power-down standby current: 'ICK = ICK (MIN); Ipp3n1 Vbp1
CKE is HIGH; CS is LOW; One bank is active; CA bus inputs are | v
switching; Data bus inputs are stable; ODT is disabled DD3N2 bb2

Ippang Vbbo 3
Active non-power-down standby current with clock IpD3Ns1 Vpp1
stopped: CK_t = LOW, CK_c = HIGH; CKE is HIGH; CS is LOW; One
bank is active; CA bus inputs are stable; Data bus inputs are stable; IbDans2 Vb2
ODT is disabled IDD3NSQ Vbpo 3
Operating burst READ current: 'CK = 'CK (MIN); CS is LOW Ibbar1 Vbb1
between valid commands; One bank is active; BL = 16 or 32; RL = | v
RL (MIN); CA bus inputs are switching; 50% data change each DD4R2 bb2
burst transfer; ODT is disabled IpD4RQ Vbbo 4
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Table 190: Ipp Specification Parameters and Operating Conditions

Power
Parameter/Condition Symbol Supply Notes
Operating burst WRITE current: 'CK = 'CK (MIN); CS is LOW IpDaw Vbp1
between valid commands; One bank is active; BL = 16 or 32; WL = | v
WL (MIN); CA bus inputs are switching; 50% data change each DDaw2 bb2
burst transfer; ODT is disabled IpDawg Vbbo 3
All-bank REFRESH burst current: 'CK = 'CK (MIN); CKE is HIGH Ibps1 Vbb1
between valid commands; 'RC = 'RFCab (MIN); Burst refresh; CA IbDs2 Vpp2
bus inputs are switching; Data bus inputs are stable; ODT is dis-
abled Ibpsq VbpQ 3
All-bank REFRESH average current: 'CK = 'CK (MIN); CKE is IbpsABL Vbb1
HIGH between valid commands; 'RC = 'REFI; CA bus inputs are IDD5AB2 Vop2
switching; Data bus inputs are stable; ODT is disabled
Ipp5ABQ Vbbo 3
Per-bank REFRESH average current: 'CK = *CK (MIN); CKE is IbpspB1 Vbb1
HIGH between valid commands; 'RC = 'REFI/8; CA bus inputs are T Voo
switching; Data bus inputs are stable; ODT is disabled
IppsPBQ Vbbo 3
Power-down self refresh current: CK_t = LOW, CK_c = HIGH; Ibp61 Vpp1 5,6
CKE is LOW; CA bus inputs are stable; Data bus inputs are stable; I v
Maximum 1x self refresh rate; ODT is disabled DD62 bD2 56
IbpeQ VbbQ 3,56

Notes: 1. ODT disabled: MR11[2:0] = 000b.

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

3. Measured currents are the summation of Vppg and Vppy.

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

5. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh before going into

the elevated temperature range.

6. This is the general definition that applies to full-array self refresh.

7. Forall IDD measurements, VlHCKE =0.8 x VDDZ; V|LCKE =0.2 x VDDZ'

8. LPDDR4: VDDZ' VDDQ = 106—117V, VDDl =1.70-1.95V

9. LPDDR4X: Vppyp= 1.06-1.17V; Vppg = 0.57-0.65V; Vpp, = 1.70-1.95V
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Table 191: Clock Timing
Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 4267 Unit
Average clock period ICK(AVG) Min 1250 625 535 468 ps
Max 100 100 100 100 ns
Average HIGH pulse width ICH(AVG) Min 0.46 ICK(AVG)
Max 0.54
Average LOW pulse width ICL(AVG) Min 0.46 ICK(AVG)
Max 0.54
Absolute clock period ICK(ABS) Min ICK(AVG)min + QIT(per)min ps
Absolute clock HIGH pulse width ICH(ABS) Min 0.43 ICK(AVG)
Max 0.57
Absolute clock LOW pulse width tCL(ABS) Min 0.43 ICK(AVG)
Max 0.57
Clock period jitter UT(penallow | Min -70 -40 -34 =30 ps
ed Max 70 40 34 30
Maximum clock jitter between two | tji7(cc)allowe Max 140 80 68 60 ps
consecutive clock cycles (includes d
clock period jitter)
Table 192: Read Output Timing
Min/ Data Rate
Parameter Symbol | Max | 533 \ 1066 \ 1600 \ 2133 \ 2667 \ 3200 \ 3733 \ 4267 | Unit | Notes
DQS output access time tpQsck | Min 1500 ps 1
from CK_t/CK_c Max 3500
DQS output access time | tpQsck_-| Max 7 ps/mV 2
from CK_t/CK_c - voltage | voOLT
variation
DQS output access time | tpQsck_-| Max 4 ps/°C 3
from CK_t/CK_c - tem- TEMP
perature variation
CKto DQSrank torank | tposck_ | Max 1.0 ns 4,5
variation rank2ran
k
DQS_t, DQS_c to DQ PpQsQ | Max 0.18 ul 6
skew total, per group,
per access (DBI Disabled)
DQ output hold time tQH Min MIN('QSH, 'QsL) ps 6
total from DQS_t, DQS ¢
(DBI Disabled)
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Table 192: Read Output Timing (Continued)
Min/ Data Rate

Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
Data output valid win- QW _to- | Min 0.75 0.73 0.70 ul 6, 11
dow time total, per pin tal

(DBI-Disabled)

DQS_t, DQS_c to DQ tDQsQ D | Max 0.18 ul 6
skew total, per group, Bl

per access (DBI-Enabled)

DQ output hold time tQH_pBI | Min MIN(*QSH_DBI, 'QSL_DBI) ps 6
total from DQS_t, DQS ¢

(DBI-Enabled)

Data output valid win- QW _to- | Min 0.75 0.73 0.70 ul 6, 11
dow time total, per pin tal DBI

(DBI-Enabled) B

DQS _t, DQS_c differen- tQsL Min tCL(ABS) -0.05 tCK(AVG) 9,11
tial output LOW time

(DBI-Disabled)

DQS_t, DQS_c differen- tQSH Min 'CH(ABS) - 0.05 tck(Ave) | 10,11
tial output HIGH time

(DBI-Disabled)

DQS_t, DQS_c differen- | tggpg| | Min 'CL(ABS) - 0.045 tck(ave)| 911
tial output LOW time

(DBI-Enabled)

DQS_t, DQS _c differen- tQSH-DBI Min tCH(ABS) - 0.045 tCK(AVG) 10, 11
tial output HIGH time

(DBI-Enabled)

Read preamble tRprE | Min 1.8 CK(AVG)

Read postamble tRPST Min 0.4 (or 1.4 if extra postamble is programmed in MR) ICK(AVG)

DQS Low-Z from clock 417(DQS) | Min | (RL x tCK) + 'DQSCK(MIN) - (RPRE(MAX) x 'CK) - 200ps ps

DQ Low-Z from clock fz(pQ) | Min (RL x 'CK) + 'DQSCK(MIN) - 200ps ps

DQS High-Z from clock | tHz(pQs) | Max | (RL x tCK) + 'DQSCK(MAX)+(BL/2 x 'CK) + ('RPST(MAX) x ps

tCK) - 100ps
DQ High-Z from clock Hz(DQ) | Max | (RL x 'CK) + 'DQSCK(MAX) + 'DQSQ(MAX) + (BL/2 x 'CK) - ps
100ps

Notes: 1.

This parameter includes DRAM process, voltage, and temperature variation. It also includes the AC noise impact

for frequencies >20 MHz and a max voltage of 45mV peak-to-peak from DC-20 MHz at a fixed temperature on the

package. The voltage supply noise must comply with the component MIN/MAX DC operating conditions.

2. 'DQSCK_volt max delay variation as a function of DC voltage variation for Vppgand Vpp,. The voltage supply noise
must comply with the component MIN/MAX DC operating conditions. The voltage variation is defined as the
MAX[ABS('DQSCK(MIN)@V1 - 'IDQSCK(MAX)@V2), ABS('DQSCK(MAX)@V1 - 'DQSCK(MIN)@V2))/ABS(V1 - V2).

3. 'DQSCK_temp MAX delay variation as a function of temperature.

The same voltage and temperature are applied to 'DQSCK_rank2rank.

5. 'DQSCK_rank2rank parameter is applied to multi-ranks per byte lane within a package consisting of the same

design die.
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10.

11.

DQ-to-DQS differential jitter where the total includes the sum of deterministic and random timing terms for a spec-
ified BER.

The deterministic component of the total timing.

This parameter will be characterized and guaranteed by design.

tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from one
falling edge to the next consecutive rising edge.

tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS _c, as measured from one
falling edge to the next consecutive rising edge.

This parameter is a function of input clock jitter. These values assume MIN 'CH(ABS) and 'CL(ABS). When the input
clock jitter MIN 'CH(ABS) and 'CL(ABS) is 0.44 or greater than 'CK(AVG), the minimum value of 'QSL will be *CL(ABS)
- 0.04 and 'QSH will be 'CH(ABS) - 0.04.

Table 193: Write Timing

Min/ Data Rate
Parameter Symbol | Max | 533 \ 1066 \ 1600 \ 2133 \ 2667 | 3200 \ 3733 \ 4267 | Unit | Notes
Rx timing window total | TdIVW_- | Max 0.22 0.25 ul 1,2,3
at Vqyw Vvoltage levels total
DQ and DMI input pulse TdIPW | Min 0.45 ul 7
width (at VCENT_DQ)
DQ-to-DQS offset pQs2pQ | Min 200 ps 6

Max 800
DQ-to-DQ offset tpQDQ | Max 30 ps 7
DQ-to-DQS offset tem- DQs2DQ | Max 0.6 ps/°C 8
perature variation _temp
DQ-to-DQS offset volt- 'DQs2DQ | Max 33 ps/50mV 9
age variation _volt
DQ-to-DQS offsetrank to | tpQs2pQ | Max 200 ps 10, 11
rank variation _rank2ra

nk

WRITE command to first | tpgss | Min 0.75 CK(AVG)
DQS transition Max 105
DQS input HIGH-level tDQSH Min 0.4 ICK(AVG)
width
DQS input LOW-level tpQsL | Min 0.4 CK(AVG)
width
DQS falling edge to CK tpss Min 0.2 ICK(AVG)
setup time
DQS falling edge from tDSH Min 0.2 CK(AVG)
CK hold time

Write postamble twpsT | Min 0.4 (or 1.4 if extra postamble is programmed in MR) | tcK(AVG)

Write preamble tYWPRE | Min 1.8 CK(AVG)

Notes: 1. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM DQ-to-DQS voltage AC
noise impact for frequencies >20 MHz with a maximum voltage of 45mV peak-to-peak at a fixed temperature on
the package. The voltage supply noise must comply to the component MIN/MAX DC operating conditions.

2. Rxdifferential DQ-to-DQS jitter total timing window at the Vg, voltage levels.
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3. Defined over the DQ internal Vger range. The Rx mask at the pin must be within the internal Vgerpg) range irre-
spective of the input signal common mode.

4. Rx mask defined for one pin toggling with other DQ signals in a steady state.

5. DQ-only minimum input pulse width defined at the Vcent po(pin_mid)-

6. DQ-to-DQS offset is within byte from DRAM pin to DRAM internal latch. Includes all DRAM process, voltage, and
temperature variations.

7. DQ-to-DQ offset defined within byte from DRAM pin to DRAM internal latch for a given component.

8. 'DQS2DQ(MAX) delay variation as a function of temperature.

9. 'DQS2DQ(MAX) delay variation as a function of the DC voltage variation for Vppg and Vppy. Itincludes the Vppg
and Vpp, AC noise impact for frequencies >20 MHz and MAX voltage of 45mV peak-to-peak from DC-20 MHz at
a fixed temperature on the package.

10. The same voltage and temperature are applied to 'DQS2DQ_rank2rank.

11.'DQS2DQ_rank2rank parameter is applied to multi-ranks per byte lane within a package consisting of the same
design die.

12. Ul = 'CK(AVG)(MIN)/2.

Table 194: CKE Input Timing

Min/ Data Rate
Parameter Symbol Max | 1600 ‘ 3200 ‘ 3733 ‘ 4267 Unit Notes
CKE minimum pulse width tcKE Min MAX(7.5ns, 4nCK) ns 1
(HIGH and LOW pulse width)
Delay from valid command to tCMDCKE Min MAX(1.75ns, 3nCK) ns 1
CKE input LOW
Valid clock requirement after tCKELCK Min MAX(5ns, 5nCK) ns 1
CKE input LOW
Valid CS requirement before tcSCKE Min 1.75 ns
CKE input LOW
Valid CS requirement after CKE tCKELCS Min MAX(5ns, 5nCK) ns 1
input LOW
Valid Clock requirement before |  tckCKEH Min MAX(1.75ns, 3nCK) ns 1
CKE Input HIGH
Exit power-down to next valid txp Min MAX(7.5ns, 5nCK) ns 1
command delay
Valid CS requirement before tcSCKEH Min 1.75 ns
CKE input HIGH
Valid CS requirement after CKE | tcKgEHCS Min MAX(7.5ns, 5nCK) ns 1
input HIGH
Valid clock and CS requirement | t\\RWCKEL Min MAX(14ns, 10nCK) ns 1
after CKE input LOW after
MRW command
Valid clock and CS requirement t7QCKE Min MAX(1.75ns, 3nCK) ns 1
after CKE input LOW after
ZQCAL START command

Note: 1. Delay time has to satisfy both analog time(ns) and clock count (nCK). For example, 'CMDCKE will not expire until
CK has toggled through at least 3 full cycles (3'CK) and 3.75ns has transpired. The case that 3nCK is applied to is
shown below.
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Figure 149: 'CMDCKE Timing
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Table 195: Command Address Input Timing

Min/ Data Rate
Parameter Symbol | Max | 533 \ 1066 \ 1600 \ 2133 \ 2667 \ 3200 \ 3733 \ 4267 | Unit | Notes
Command/address valid tovw Min 0.3 tck(ave) | 1.2,3
window (referenced
from CA V| /V)y to CK
Vix)
Address and control topw Min | 0.55 | 055 | 055 | 0.6 0.6 0.6 0.6 0.6 |tcK(AVG) 4
input pulse width (refer-
enced to Vrgp)

Notes: 1. CA Rx mask timing parameters at the pin including voltage and temperature drift.
2. Rx differential CA to CK jitter total timing window at the VcIVW voltage levels.
3. Defined over the CA internal Vggr range. The Rx mask at the pin must be within the internal Vggr(ca) range irre-
spective of the input signal common mode.
4. CA only minimum input pulse width defined at the Vcent ca(pin mid).

Table 196: Boot Timing Parameters (10-55 MHz)

Min/
Parameter Symbol | Max Value Unit
Clock cycle time tcKb Min 18 ns

Max 100
DQS output data acess time | tpQsckp | Min 1.0 ns
from CK Max 100
DQS edge to output data PDQsQb | Max 1.2 ns
edge
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Table 197: Mode Register Timing Parameters

Min/ Data Rate
Parameter Symbol Max 1600 \ 3200 \ 3733 \ 4267 Unit
MODE REGISTER WRITE (MRW) tNMRW Min MAX(10ns, 10nCK) ns
command period
MODE REGISTER SET command tMRD Min MAX(14ns, 10nCK) ns
delay
MODE REGISTER READ (MRR) com- !MRR Min 8 TCK(AVG)
mand period
Additional time after 'XXP has 'MRRI Min RCD(MIN) + 3nCK ns
expired until the MRR command
may be issued
Delay from MRW command to DQS tspo Max MAX(12nCK, 20ns) ns
driven out
Table 198: Core Timing Parameters
Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 Unit Notes
READ latency (DBI dis- RL-A Min 6 10 14 20 24 28 32 36 | tCK(AVG)
abled)
READ latency (DBI RL-B Min 6 12 16 22 28 32 36 40 |tCK(AVG)
enabled)
WRITE latency (Set A) WL-A Min 4 6 8 10 12 14 16 18 |tcK(AVG)
WRITE latency (Set B) WL-B Min 4 8 12 18 22 26 30 34 | CK(AVG)
ACTIVATE-to-ACTIVATE tRC Min tRAS + tRPab ns
command period (same (with all-bank precharge)
bank) RAS + RPpb
(with per-bank precharge)
Minimum self refresh tgR Min MAX(15ns, 3nCK) ns
time (entry to exit)
Self refresh exit to next SR Min MAX('RFCab + 7.5ns, 2nCK) ns
valid command delay
CAS-to-CAS delay tced Min 8 ICK(AVG)
CAS-to-CAS delay tccomw | Min 32 ICK(AVG)
masked write
Internal READ-to-PRE- tRTP Min MAX(7.5ns, 8nCK) ns
CHARGE command delay
RAS-to-CAS delay tRCD Min MAX(18ns, 4nCK) ns
Row precharge time (sin- tRPpb Min MAX(18ns, 3nCK) ns
gle bank)
Row precharge time (all tRPab Min MAX(21ns, 3nCK) ns
banks)
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Table 198: Core Timing Parameters (Continued)

Min/ Data Rate
Parameter Symbol | Max | 533 \ 1066 \ 1600 \ 2133 \ 2667 \ 3200 \ 3733 \ 4267 | Unit | Notes
Row active time tRAS Min MAX(42ns, 3nCK) ns

Max MIN(9 x 'REFI x Refresh Rate, 70.2) Hs
Write recovery time HWR Min MAX(18ns, 4nCK) ns
Write-to-read delay YWTR Min MAX(10ns, 8nCK) ns
Active bank A to active tRRD Min MAX(10ns, 4nCK) MAX( ns 1
bank B 7.5ns,

4nCK
)

Precharge-to-precharge tpppD Min 4 tCK(AVG) 2
delay
Four-bank activate win- tFAW Min 40 30 ns 1
dow
Delay from SRE com- tescke | Min MAX(1.75ns, 3nCK) - 3
mand to CKE input LOW

Notes: 1. 4267 Mb/s timing value is supported at lower data rates if the device is supporting 4266 Mb/s speed grade.
2. Precharge to precharge timing restriction does not apply to AUTO PRECHARGE commands.

3. Delay time has to satisfy both analog time (ns) and clock count (nCK). It means that 'ESCKE will not expire until CK

has toggled through at least three full cycles (3 'CK) and 1.75ns has transpired. The case which 3nCK is applied to
is shown below.

Figure 150: 'ESCKE Timing
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4. The refresh rate is determined by the value in MR4 OP[2:0].

Table 199: CA Bus ODT Timing

Min/ Data Rate
Parameter Symbol Max 533-4267
CA ODT value update time topTUP Min RU(20ns/'CK(AVG))
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Table 200: CA Bus Training Parameters

Min/ Data Rate
Parameter Symbol Max | 1600 ‘ 3200 ‘ 3733 ‘ 4267 | Unit | Notes
Valid clock requirement after CKE tCKELCK Min MAX(5ns, 5nCK) tck
input LOW
Data setup for Vggr training mode tDStrain Min 2 ns
Data hold for Vggg training mode tDHtrain Min 2 ns
Asynchronous data read tADR Max 20 ns
CA BUS TRAINING com- tcACD Min RU(*ADR/ICK) tck 1
mand-to-command delay
Valid strobe requirement before tPDQSCKE Min 10 ns
CKE LOW
First CA BUS TRAINING command tCAENT Min 250 ns
following CKE LOW
Vger step time — multiple steps YREFca LONG | Max 250 ns
Vger Step time — one step Y/REF- Max 80 ns
ca_SHORT

Valid clock requirement before CS tCKPRECS Min otcK + txp -
HIGH
Valid clock requirement after CS tcKPSTCS Min MAX(7.5ns, 5nCK) -
HIGH
Minimum delay from CS to DQS tog- tcs VREF Min 2 tck
gle in command bus training B
Minimum delay from CKE HIGH to {CKEHDQS Min 10 ns
strobe High-Z
CA bus training CKE HIGH to DQ tMRZ Min 15 ns
tri-state
ODT turn-on latency from CKE tCcKELODTon Min 20 ns
ODT turn-off latency from CKE tCKEHODToff Min 20 ns
Exit command bus training mode to | txcBT Short Min MAX(200ns, 5nCK) - 2
next valid command delay — -

tXCBT_Middle Min MAX(200ns, 5nCK) - 2

tXCBT_Long Min MAX(250ns, 5nCK) - 2

Notes: 1. If 'CACD is violated, the data for samples which violate 'TCACD will not be available, except for the last sample
(where 'CACD after this sample is met). Valid data for the last sample will be available after 'ADR.

2. Exit command bus training mode to next valid command delay time depends on value of Vpgr(ca) setting: MR12
OP[5:0] and Vggp(ca) range: MR12 OP[6] of FSP-OP 0 and 1. The details are shown in 'FC value mapping table. Addi-
tionally exit command bus training mode to next valid command delay time may affect Vrerpg) setting. Settling
time of Vgerpq) level is same as Virer(ca) level.
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Table 201: Asynchronous ODT Turn On and Turn Off Timing

Symbol 800-2133 MHz Unit
tODTon(MIN) 15 ns
tODTon(MAX) 35 ns
tODToff(MIN) 15 ns
tODToff(MAX) 35 ns

Table 202: Temperature Derating Parameters

Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 4267 Unit
DQS output access time from CK_t/CK_c tDQSCKd Max 3600 ps
(derated)
RAS-to-CAS delay (derated) tReDd Min tRCD + 1.875 ns
ACTIVATE-to-ACTIVATE command tRed Min RC +3.75 ns
period (same bank, derated)
Row active time (derated) RASd Min RAS + 1.875 ns
Row precharge time (derated) tRPd Min RP + 1.875 ns
Active bank A to active bank B (der- tRRDd Min 'RRD + 1.875 ns
ated)

Note: 1. Athighertemperatures (>85°C), AC timing derating may be required. If derating is required the device will set MR4
OP[2:0] = 110b.

CA Rx Voltage and Timing

The command and address (CA), including CS input receiver compliance mask for voltage and timing,
is shown in the CA Receiver (Rx) Mask figure below. All CA and CS signals apply the same compliance
mask and operate in single data rate mode.

The CA input Rx mask for voltage and timing is applied across all pins, as shown in the figure below.
The Rx mask defines the area that the input signal must not encroach if the DRAM input receiver is
expected to successfully capture a valid input signal; it is not the valid data eye.

Figure 151: CA Receiver (Rx) Mask
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Figure 152: Across Pin Vger (ca) Voltage Variation

CAX

Vger Variation
(component)

VCENT_CA(pin mid) is defined as the midpoint between the largest Vcpnr ca Voltage level and the
smallest Vepnt ca Voltage level across all CA and CS pins for a given DRAM component. Each CAV¢pnt

levelis defined by the center, which is, the widest opening of the cumulative data input eye, as depicted
in the figure above. This clarifies that any DRAM component level variation must be accounted for
within the CA Rx mask. The component-level Vygp will be set by the system to account for Rgy and

ODT settings.

Figure 153: CA Timings at the DRAM Pins
CK, CK Data-in at DRAM Pin

Minimum CA eye center-aligned

CK_c

CK_t

\NAANAAN/ [

Rx mask
A DRAM pin

VCIVW

INVVVVVVV\

telvw

TcIVW for all CA signals is defined as centered on
the CK_t/CK_c crossing at the DRAM pin.

Note: 1. All of the timing terms in above figure are measured from the CK_t/CK_c to the center (midpoint) of the TclVW
window taken at the VcIVW_total voltage levels centered around Veent ca(pin mid)-
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Figure 154: CA tcIPW and SRIN_cIVW Definition (for Each Input Pulse)

Rx Mask

VeenT cAin mid) - -ffl- oo oo o) \_ __ [ Vaww
\

telPwW

A
\

Note: 1. SRIN_CIVW = Vg total/('r OF 'f); signal must be monotonic within 'r and f range.

Figure 155: CA V |y acDefinition (for Each Input Pulse)
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Table 203: DRAM CMD/ADR, CS

DQ - DQ -
DQ - 13337 1600/1867 3200/3733 DQ - 4267
Symbol Parameter Min Max Min Max Min Max Min Max | Unit | Notes
Vavw Rx mask voltage - 175 - 175 - 155 - 145 mv |1,23
peak-to-peak
ViHL(AQ) CA AC input pulse ampli-| 210 - 210 - 190 - 180 - mV 4,6
tude peak-to-peak
SRIN_- Input slew rate over 1 7 1 7 1 7 1 7 V/ns 5
clvw Vevw
Notes: 1. CA Rx mask voltage and timing parameters at the pin, including voltage and temperature drift.
2. Rx mask voltage V¢ total(MAX) must be centered around Veent ca(pin mid)-
3. Defined over the CA internal Vggr range. The Rx mask at the pin must be within the internal Vgerca) range irre-
spective of the input signal common mode.
4. CA-only input pulse signal amplitude into the receiver must meet or exceed V y (ac) at any point over the total Ul.
No timing requirement above level. V| (ac) is the peak-to-peak voltage centered around Veent ca(pin mid): SUch
that Vi (ac)/2 (MIN) must be met both above and below Veent ca-
5. Input slew rate over Vg mask is centered at Veent capin mid):
6. ViHL(ac) does not have to be met when no transitions are occurring.
7. The Rx voltage and absolute timing requirements apply for DQ operating frequencies at or below 1333 for all
speed bins. For example the cIVW (ps) = 450ps at or below 1333 operating frequencies.
8. Ul = ICK(AVG)MIN.
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DQ Tx Voltage and Timing
DRAM Data Timing

Figure 156: Read Data Timing Definitions - 'QH and 'DQSQ Across DQ Signals per DQS Group
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DQ Rx Voltage and Timing

The DQ input receiver mask for voltage and timing is applied per pin, as shown in the DQ Receiver (Rx)
Mask figure below. The total mask (Vgryw (otay TAIVW_total) defines the area that the input signal must

not encroach in order for the DQ input receiver to successfully capture an input signal. The mask is a
receiver property, and it is not the valid data eye.

Figure 157: DQ Receiver (Rx) Mask

TdIVW_total

DQx

Vg variation
(component)

VCENT_DQ(pin_mid) is defined as the midpoint between the largest Vcpnt pq voltage level and the
smallest Vcpnt pq Voltage level across all DQ pins for a given DRAM component. Each Vegpnt pq is

defined by the center, which is the widest opening of the cumulative data input eye as shown in the
figure above. This clarifies that any DRAM component level variation must be accounted for within the
DRAM Rx mask. The component-level Vgzgg will be set by the system to account for Rgy and ODT

settings.
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Figure 159: DQ-to-DQS 'DQS2DQ and 'DQDQ
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Rx mask
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DQz Rx masll<
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Notes: 1. These timings at the DRAM pins are referenced from the internal latch.
2. 'DQS2DQ is measured at the center (midpoint) of the TdIVW window.
3. DQz represents the MAX tDQSs2DQ in this example.
4. DQy represents the MIN 'DQS2DQ in this example.

All of the timing terms in DQ to DQS_t are measured from the DQS_t/DQS_c to the center (midpoint)
of the TAIVW window taken at the Vgryw_total VOltage levels centered around Vegnt pQ(pin_mid)- In

figure above, the timings at the pins are referenced with respect to all DQ signals center-aligned to the
DRAM internal latch. The data-to-data offset is defined as the difference between the MIN and MAX

'DQS2DQ for a given component.
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Figure 160: DQ 'DIPW and SRIN_dIVW Definition for Each Input Pulse
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Note: 1. SRIN_AIVW = Vg total(r or ) signal must be monotonic within 'r and f range.

Figure 161: DQ V y (ac) Definition (for Each Input Pulse)
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Table 204: DQs In Receive Mode

1600/1867 | 2133/2400 | 3200/3733 4267
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Vdaivw total Rx mask voltage — - 140 - 140 - 140 - 120 | mV | 1,2,3
- peak-to-peak
ViHL(AC) DQ AC input pulse ampli- 180 - 180 - 180 - 170 - mv 1,7
tude peak-to-peak
SRIN_dIVW Input slew rate over Vg -| 1 7 1 7 1 7 1 7 Vins 6
total

Notes: 1. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM DQ-to-DQS voltage AC
noise impact for frequencies >20 MHz with a maximum voltage of 45mV peak-to-peak at a fixed temperature on
the package. The voltage supply noise must comply to the component MIN/MAX DC operating conditions.

2. Rx mask voltage Vg _total(MAX) must be centered around Veent po(pin_mid)-

3. Defined over the DQ internal Vger range. The Rx mask at the pin must be within the internal Vpee DQ range irre-
spective of the input signal common mode.

4. Deterministic component of the total Rx mask voltage or timing. Parameter will be characterized and guaranteed
by design.

CCMO005-554574167-10812 246 Micron Technology, Inc. reserves the right to change products or specifications without notice.
200b_z42m_automotive_lpddr4x_Ipddr4.pdf Rev. D 3/2022 EN © 2021 Micron Technology, Inc. All rights reserved.




Micron Confidential and Proprietary
é‘yjlcrono LPDDR4X/LPDDR4 SDRAM
Clock Specification

5. DQ-only input pulse amplitude into the receiver must meet or exceed V) (ac) at any point over the total Ul. No
timing requirement above level. V| ac) is the peak-to-peak voltage centered around Veent po(pin_mid) such that
ViHL(acy/2 (MIN) must be met both above and below Veent po-

6. Input slew rate over Vg mask centered at Veent pQ(pin_mid)-

7. ViHL(ac) does not have to be met when no transitions are occurring.

8. Ul = 'CK(AVG)(MIN)/2.

Clock Specification

The specified clockjitter is a random jitter with Gaussian distribution. Input clocks violating minimum
or maximum values may result in device malfunction.

Table 205: Definitions and Calculations

Symbol Description Calculation Notes
tCK(avg) and The average clock period across any consecu- N
nCK tive 200-cycle window. Each clock period is cal- | {CK(avg) = [Z tCKJ/N

culated from rising clock edge to rising clock j=1

edge. Where N =200

Unit 'CK(avg) represents the actual clock aver-

age 'CK(avg) of the input clock under opera-
tion. Unit nCK represents one clock cycle of
the input clock, counting from actual clock
edge to actual clock edge.

tCK(avg) can change no more than +1% within
a 100-clock-cycle window, provided that all jit-
ter and timing specifications are met.

tCK(abs) The absolute clock period, as measured from 1
one rising clock edge to the next consecutive
rising clock edge.

tc The average HIGH pulse width, as calculated N
H(avg) i
across any 200 consecutive HIGH pulses. {CH(avg) = 2 CH; | /(N x 'CK(avg))
j=1
Where N =200
CL(avg) The average LOW pulse width, as calculated N
across any 200 consecutive LOW pulses. {CL(avg) = [E tCLJ /(N x tCK(avg))
j=1
Where N =200
t The single-period jitter defin he lar 1
JIT(per) e S_ g e-period j t_te df ed as f e largest YIT(per) = min/max of [tCKi —tCK(avg)J
deviation of any signal "CK from "*CK(avg). Where i = 1 to 200

YIT(per),act The actual clock jitter for a given system.

YIT(per), The specified clock period jitter allowance.

allowed

" - - -

JIT(cc) The absolute dlffere.nce in clock perltods IT(ce) = max of [tCKH ] —tCKi} 1

between two consecutive clock cycles. JIT(cc)
defines the cycle-to-cycle jitter.
tERR(nper) The cumulative error across n multiple consec- i+n-1 1
utive cycles from 'CK(avg). {ERR(nper) = | 2 tCKj} — (n x 'CK(avg))
j=i
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Table 205: Definitions and Calculations (Continued)

Symbol Description Calculation Notes
tERR(nper),act | The actual clock jitter over n cycles for a given
system.
tERR(nper), The specified clock jitter allowance over n
allowed cycles.
tERR(nper),min The minimum ERR(nper). ERR(nper),min = (1 + 0.68LN(n)) x JIT(per), min 2
'ERR(nper),max The maximum *ERR(nper). {ERR (nper),max = (1 + 0.68LN(n)) x YIT(per), max 2
YIT(duty) Defined with absolute and average specifica- | 1 (quty),min =
tions for 'CH and CL, respectively. MIN((‘*CH (abs),min — {CH(avg),min),
(‘CL(abs),min - ‘CL(avg),min)) x {CK(avg)
YIT(duty), max =
MAX((*CH(abs),max — 'CH(avg),max),
(*CL(abs),max - {CL(avg),max)) x ‘CK(avg)

Notes: 1. Not subject to production testing.
2. Using these equations, 'ERR(nper) tables can be generated for each YIT(per),act value.

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

These parameters are specified with their average values; however, the relationship between the
average timing and the absolute instantaneous timing (defined in the following table) is applicable at
all times.

Table 206: 'CK(abs), 'CH(abs), and 'CL(abs) Definitions

Parameter Symbol | Minimum Unit
Absolute clock period tCK(abs) |tCK(avg),min + QIT(per),min pst
Absolute clock HIGH pulse width tCH(abs) | tCH(avg),min + LIT(duty),min%/'CK(avg),min tCK(avg)
Absolute clock LOW pulse width tCL(abs) |CL(avg),min + YIT(duty),min?/'CK(avg),min tCK(avg)

Notes: 1. 'CK(avg),min is expressed in ps for this table.
2. QIT(duty),min is a negative value.

Clock Period Jitter

LPDDR4 devices can tolerate some clock period jitter without core timing parameter derating. This

section describes device timing requirements with clock period jitter (tIIT(per)) in excess of the values
found in the AC Timing table. Calculating cycle time derating and clock cycle derating are also
described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (‘RCD, ‘RP, '‘RTP, 'WR, 'WRA, 'WTR, ‘RC, ‘RAS, 'RRD, 'FAW) extend across
multiple clock cycles. Clock period jitter impacts these parameters when measured in numbers of
clock cycles. Within the specification limits, the device is characterized and verified to support

'nPARAM = RU['PARAM/'CK (avg)]. During device operation where clock jitter is outside specification
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limits, the number of clocks, or 'CK(avg), may need to be increased based on the values for each core
timing parameter.

Cycle Time Derating for Core Timing Parameters

For a given number of clocks (‘nPARAM), when '‘CK(avg) and ‘ERR('nPARAM),act exceed
'ERR(‘nPARAM),allowed, cycle time derating may be required for core timing parameters.

t t t t t
CycleTimeDerating - max{[ PARAM +'ERR(tnPARAM) act — (ERR(‘(nPARAM) allowed _ tCK(avg)J, 0}

thPARAM

Cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle
time derating required is the maximum of the cycle time deratings determined for each individual core
timing parameter.

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (‘nPARAM), clock cycle derating should
be specified with tIIT(per).

For a given number of clocks (tnPARAM), when tCK(avg) plus (‘ERR(‘nPARAM),act) exceed the
supported cumulative 'ERR('nPARAM),allowed, derating is required. If the equation below results in a

positive value for a core timing parameter (\CORE), the required clock cycle derating will be that posi-
tive value (in clocks).

t t t t t
ClockCycleDerating = RU{ PARAM + "ERR( nPARAl\%;? - )ERR( nPARAM),allowed} -thPARAM
avg

Cycle-time derating analysis should be conducted for each core timing parameter.
Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters (IS, TH, 'ISb, 'THb) are measured from a command/address
signal (CS or CA[5:0]) transition edge to its respective clock signal (CK_t/CK_c) crossing. The specifica-

tion values are not affected by the JIT(per) applied, because the setup and hold times are relative to
the clock signal crossing that latches the command/address. Regardless of clock jitter values, these
values must be met.

Clock Jitter Effects on READ Timing Parameters
'RPRE

When the device is operated with input clock jitter, 'RPRE must be derated by the YT (per),act,max of
the input clock that exceeds YJIT (per),allowed,max. Output deratings are relative to the input clock:

{RPRE(min,derated) = 0.9 — tIIT(per),act,m:;lélz(tIIT)(per),allowed,malx
avg

For example, if the measured jitter into a LPDDR4 device has 'CK(avg) = 625ps, YIT (per),act,min = —xx,
and YIT(per),act,max = +xx ps, then ‘RPRE,min,derated = 0.9 - (JIT(per),act,max -
YIT (per),allowed, max) /*CK(avg) = 0.9 - (xx - xx)/xx = yy ‘CK(avg).

1L.7(DQ),'HZ(DQ),'DQSCK,'LZ(DQS),'HZ(DQS)
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These parameters are measured from a specific clock edge to a data signal transition (DMn or DQm,
where:n=0,1; andm= 0-15, and specified timings must be met with respect to that clock edge. There-

fore, they are not affected by YIT (per).

'QSH,'QSL

These parameters are affected by duty cycle jitter, represented by {CH(abs)min and 'CL(abs)min.
These parameters determine the absolute data-valid window at the device pin. The absolute minimum
data-valid window at the device pin = MIN {(!\QSH(abs)min - ‘DQSQmax), (‘QSL(abs)min -
'DQSQmax)}. This minimum data valid window must be met at the target frequency regardless of clock
jitter.

‘RPST

'RPST is affected by duty cycle jitter, represented by ‘CL(abs). Therefore, 'RPST(abs)min can be speci-
fied by 'CL(abs)min. 'RPST(abs)min = 'CL(abs)min - 0.05 = 'QSL(abs)min.

Clock Jitter Effects on WRITE Timing Parameters

'DS,'DH
These parameters are measured from a data signal (DMIn orDQm, where n= 0, 1 and m= 0-15) transi-
tion edge to its respective data strobe signal (DQSn_t, DQSn_c: n = 0,1) crossing. The specification

values are not affected by the amount of JIT(per) applied, because the setup and hold times are relative
to the data strobe signal crossing that latches the command/address. Regardless of clock jitter values,
these values must be met.

'DSS,'DSH

These parameters are measured from a data signal (DQS_t, DQSn_c) crossing to its respective clock
signal (CK_t, CK_c) crossing. When the device is operated with input clock jitter, this parameter needs
to be derated by the actual tjp(pey)actof the input clock in excess of the allowed period jitter

tIIT (per)allowed*
'DQSS

'DQSS is measured from a data strobe signal (DQSn_t, DQSn_c) crossing to its respective clock signal
(CK_t, CK_c) crossing. When the device is operated with input clock jitter, this parameter must be

derated by the actual JIT (per),act of the input clock in excess of JIT (per)allowed.

tDQSS(min,derated) = 0.75 - {tIIT(per),act,rrtlér;< ? tH?(per),allowed, min
avg

DQSS(max,derated) = 1.25 - {tHT(per),act,maﬁélzJ(IT(r)Jer),allowed, max’
avg J

For example, if the measured jitter into an LPDDR4 device has 'CK(avg) = 625ps, JIT(per),act,min =
-xxps, and YIT (per),act,max = +xx ps, then:

'DQSS, (min,derated) = 0.75 - (-xx + yy)/625 = xxxx 'CK(avg)
'DQSS, (max,derated) = 1.25 - (xx—yy) /625 = xxxx 'CK(avg)

CCMO005-554574167-10812 250 Micron Technology, Inc. reserves the right to change products or specifications without notice.
200b_z42m_automotive_lpddr4x_Ipddr4.pdf Rev. D 3/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



AMcron

Micron Confidential and Proprietary

LPDDR4 1.10V Vppq

LPDDR4X/LPDDR4 SDRAM

LPDDR4 1.10V Vppq

This section defines LPDDR4 specifications to enable 1.10 Vppq operation of LPDDR4 devices.

Power-Up and Initialization - LPDDR4

To ensure proper functionality for power-up and reset initialization, default values for the MR settings
are provided in the table below.

Table 207: Mode Register Default Settings

Item Mode Register Setting Default Setting Description

FSP-OP/WR MR13 OP[7:6] 00b FSP-OP/WR[0] are enabled

WLS MR2 OP[6] Ob WRITE latency set A is selected

WL MR2 OP[5:3] 000b WL=4

RL MR2 OP[2:0] 000b RL=6,nRTP =8

NWR MR1 OP[6:4] 000b NWR =6

DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are dis-
abled

CA ODT MR11 OP[6:4] 000b CA ODT is disabled

DQ ODT MR11 OP[2:0] 000b DQ ODT is disabled

VRrer(ca) setting MR12 OP[6] 1b VRer(ca) range[1] is enabled

VRer(ca) Value MR12 OP[5:0] 001101b Rangel: 27.2% of Vpp;

VRer(DQ) Setting MR14 OP[6] 1b VRer(po) range[1] enabled

VRer(pg) Value MR14 OP[5:0] 001101b Rangel: 27.2% of Vppg
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Mode Register Definition - LPDDR4

Mode register definitions are provided in the Mode Register Assignments table. In the access column
of the table, R indicates read-only; W indicates write-only; R/W indicates read- or write-capable or

enabled. The MRR command is used to read from a register. The MRW command is used to write to a
register.

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
Mode Register Definition - LPDDR4

Table 208: Mode Register Assignments

MR# | MA[5:0] | Function Access OP7 OP6 OP5 OP4 | OP3 OP2 OP1 OPO
0 00h Device info R CATR RFU RFU RZQI RFU Latency REF
mode
1 01lh Device feature 1 W RD-PST nWR (for AP) ‘ RD-PRE | WR-PRE BL
2 02h Device feature 2 W WR Lev WLS WL RL
3 03h I/O config-1 W DBI-WR DBI-RD PDDS PPRP ‘ WR-PST ‘ PU-CAL
4 04h Refresh and R /W TUF Thermal offset PPRE SR abort Refresh rate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision ID1
7 07h Basic config-3 R Revision ID2
8 08h |Basic config-4 R /0 width Density ‘ Type
9 09h Test mode W Vendor-specific test mode
10 0Ah | 1/O calibration w RFU ‘ ZQRST
11 0Bh |ODT w RFU CA ODT ‘ RFU ‘ DQ ODT
12 0Ch | Vrercca) RIW RFU VRca VRercA)
13 ODh | Register control w FSP-OP | FSP-WR | DMD ‘ RRO ‘ VRCG ‘ VRO ‘ RPT ‘ CBT
14 0Eh | Vrerpo) RIW RFU VRpo VREF(DQ)
15 OFh DQI-LB wW Lower-byte invert register for DQ calibration
16 10h PASR_Bank W PASR bank mask
17 11h PASR_Seg w PASR segment mask
18 12h IT-LSB R DQS oscillator count — LSB
19 13h IT-MSB R DQS oscillator count - MSB
20 14h DQI-UB W Upper-byte invert register for DQ calibration
21 15h Vendor use W RFU
22 16h ODT feature 2 W ODTD for x8_2ch ODTD-C | ODTE-CS | ODTE-CK SoC ODT
A
23 17h DQS oscillator W DQS oscillator run-time setting
stop
24 18h TRR control RIW TRR TRR mode BANn Unlitd MAC value
mode MAC
25 19h | PPR resources R B7 B6 ‘ B5 ‘ B4 B3 B2 ‘ B1 ‘ BO
26-29 | 1Ah~1Dh - - Reserved for future use
30 1Eh Reserved for test W SDRAM will ignore
31 1Fh - - Reserved for future use
32 20h DQ calibration W See DQ calibration section
pattern A
33-38 | 21h-26h | Do not use - Do not use

CCM005-554574167-10812
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Table 208: Mode Register Assignments (Continued)

MR# | MA[5:0] |Function Access OP7 | OP6 | OP5 | OP4 | oP3 | oP2 | OP1 | OPO
39 27h Reserved for test w SDRAM will ignore
40 28h DQ calibration wW See DQ calibration section
pattern B
41-47 | 29h-2Fh | Do not use - Do not use
48-63 | 30h-3Fh |Reserved - Reserved for future use
Notes: 1. RFU bits must be set to 0 during MRW commands.
2. RFU bits are read as 0 during MRR commands.
3. All mode registers that are specified as RFU or write-only shall return undefined data when read via an MRR
command.
4. RFU mode registers must not be written.
5. Writes to read-only registers will not affect the functionality of the device.
6. Notes 1-5 apply to entire table

Table 209: MRO Device Feature 0 (MA[5:0] = 00h)

OP7 OP6 OP5 OP4 \ OP3 OP2 OP1 OPO

CATR RFU RZQI RFU Latency mode REF

Table 210: MRO Op-Code Bit Definitions

Register Information Type OP Definition Notes

Refresh

mode Read OP[0] Ob: Both legacy and modified refresh mode supported
only 1b: Only modified refresh mode supported

Latency

mode Read OP[1] Ob: Device supports normal latency 56

only 1b: Device supports byte mode latency

Built-in

information only

self-test for RZQ Read OP[4:3] |00b: RZQ self-test not supported 1-4
01b: ZQ may connect to Vggq or float
10b: ZQ may short to Vppg

11b: ZQ pin self-test completed, no error condition
detected (ZQ may not connect to VSSQ, float, or short to

Vbpo)

CA terminating rank Read OP[7] Ob: CA for this rank is not terminated 7

only 1b: CA for this rank is terminated

Notes: 1.

RZQI MR value, if supported, will be valid after the following sequence:
« Completion of MPC[ZQCAL START] command to either channel

= Completion of MPC[ZQCAL LATCH] command to either channel then 'ZQLAT is satisfied

RZQI value will be lost after reset.

If ZQ is connected to Vggqg to set default calibration, OP[4:3] must be set to Ol1b. If ZQ is not connected to Vsgq,
either OP[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin assembly error. It is recommended that the assembly
error be corrected.

In the case of possible assembly error, the device will default to factory trim settings for Rgy, and will ignore ZQ
CALIBRATION commands. In either case, the device may not function as intended.

If the ZQ pin self-test returns OP[4:3] = 11b, the device has detected a resistor connected to the ZQ pin. However,
this result cannot be used to validate the ZQ resistor value or that the ZQ resistor meets the specified limits (that
is, 240Q +1%).

See byte mode addendum spec for byte mode latency details.
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6.

7.

Mode Register Definition - LPDDR4

Byte mode latency for 2Ch. x16 device is only allowed when it is stacked in a same package with byte mode device.
CATR indicates whether CA for the rank will be terminated or not as a result of ODTCA pad connection and MR22
OP[5] settings for x16 devices, MR22 OP[7:5] settings for byte mode devices.

Table 211: MR3 1/O Configuration 1 (MA[5:0] = 03h)

OP7

OP6 OP5 \ OP4 \ OP3 OoP2 OP1 OPO

DBI-WR DBI-RD PDDS PPRP WR-PST PU-CAL

Table 212: MR3 Op-Code Bit Definitions

Feature

Type OP Definition Notes

PU-CAL

(Pull-up calibration point)

Write-only OP[0] 0b: Vpp/2.5 1~4
1b: Vppg/3 (default)

WR-PST (WR postamble length) OP[1]  |0b: WR postamble = 0.5 x 'CK (default) 2,3,5

1b: WR postamble = 1.5 x 'CK

PPRP (Post-package repair protec- OP[2] Ob: PPR protection disabled (default) 6
tion) 1b: PPR protection enabled
PDDS OP[5:3] |000b: RFU 1,23
(Pull-down drive strength) 001b: Ryg/1

010b: Rzg/2

011b: Ryo/3

100b: Rz/4

101b: Ryo/5

110b:Rz/6 (default)
111b: Reserved

DBI-RD

(DBI-read enable)

OP[6] Ob: Disabled (default) 2,3
1b: Enabled

DBI-WR

(DBIl-write enable)

OP[7] Ob: Disabled (default) 2,3
1b: Enabled

Notes: 1.

2.

All values are typical. The actual value after calibration will be within the specified tolerance for a given voltage
and temperature. Recalibration may be required as voltage and temperature vary.

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 to this MR address, 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, for example,
the 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 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.

For dual channel device, PU-CAL (MR3-OP[0]) must be set the same for both channels on a die. The SDRAM will
read the value of only one register (Ch.A or Ch.B), vendor-specific, so both channels must be set the same.

1.5 x 'CK apply > 1.6 GHz clock.
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6. If MR3 OP[2] is set to 1b, PPR protection mode is enabled. The PPR protection bit is a sticky bit and can only be set
to Ob by a power on reset. MR4 OP[4] controls entry to PPR mode. If PPR protection is enabled then the DRAM will
not allow writing of 1b to MR4 OP[4].

Table 213: MR12 Register Information (MA[5:0] = 0Ch)

OP7 OP6 OP5 \ OP4 \ OP3 OoP2 OP1 OPO
RFU VRca VREF(CA)

Table 214: MR12 Op-Code Bit Definitions

Feature Type OP Data Notes
VREF(CA) Read/Write OP[5:0] |000000b-110010b: See Vg Settings Table 1-3,5,6
VRer(ca) settings All others: Reserved

VRca Read/Write OP[6] 0b: Vgerca) range[0] enabled 1,2,4,5,6
VReF(ca) raNge 1b: Vger(ca) range[1] enabled (default)

Notes: 1. This register controls the Vrerca) levels for frequency set point[1:0]. Values from either VR(ca)[0] or VR(ca)[1] may
be selected by setting MR12 OP[6] appropriately.

2. Aread to MR12 places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ will be set to 0. See the
MRR Operation section.

3. Awrite to MR12 OP[5:0] sets the internal Vgegca) level for FSP[0] when MR13 OP[6] = Ob or sets the internal Vgep(ca)
level for FSP[1] when MR13 OP[6] = 1b. The time required for Vgerca) to reach the set level depends on the step
size from the current level to the new level. See the Vger(ca) training section.

4. Awrite to MR12 OP[6] switches the device between two internal Vgerca) ranges. The range (range[0] or range[1])
must be selected when setting the Vper(ca) register. The value, once set, will be retained until overwritten or until
the next power-on or reset event.

5. 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 to this MR address, or read from with an MRR command to this address.

6. 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, for example,
the 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.

Table 215: Mode Register 14 (MA[5:0] = OEh)
OP[7] OP[6] OP[5] \ OP[4] \ OP[3] \ OP[2] \ OP[1] \ OP[0]

Table 216: MR14 Op-Code Bit Definition

Feature Type OP Definition Notes
VREF(DQ) Read/Wri | OP[5:0] |000000b-110010b: See Vggr Settings table 1-3,5,6
VRer(DQ) Setting te All others: Reserved

VRpg OP[6] 0b: Vrerpg) range[0] enabled 1,2,4-6
VRer(pQ) range 1b: VRer(pg) range[1] enabled (default)

Notes: 1. This register controls the Vrer(pg) levels for frequency set point[1:0]. Values from either VRpq [vendor defined] or
VRpq [vendor defined] may be selected by setting OP[6] appropriately.
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2. Aread (MRR) to this register places the contents of OP[7:0] on DQJ[7:0]. Any RFU bits and unused DQ will be set to
0. See the MRR Operation section.

3. Awrite to OP[5:0] sets the internal VReF(DQ) level for FSP[0] when MR13 OP[6] = Ob, or sets FSP[1] when MR13 OP[6]
= 1b. The time required for Vger(pg) to reach the set level depends on the step size from the current level to the

new level. See the Vger(pg) training section.

4. Awrite to OP[6] switches the device between two internal Vgerpg) ranges. The range (range[0] or range[1]) must
be selected when setting the Vrer(po) register. The value, once set, will be retained until overwritten, or until the
next power-on or reset event.

5. 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 to this MR address, or read from with an MRR command to this address.

6. 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, for example,
the 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.
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Table 217: 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 218: 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 219: 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

t1L72(DQS), 'LZ(DQ), tHZ(DQS), tHZ(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
'LZ(DQS) and 'LZ(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 ‘LZ(DQS), '‘LZ(DQ),
'HZ(DQS), and 'HZ(DQ) are defined as single ended.

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

Figure 162: '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, 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 *HZ and 'LZ measurements.
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Figure 163: '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 "IN 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 220: 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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t 7(DQ) and *HZ(DQ) Calculation for ATE (Automatic Test Equipment)

Figure 164: 'L.Z(DQ) Method for Calculating Transitions and Endpoint

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

CK c -

tLZ(DQ)
0

Notes: 1. Conditions for calibration: Pull down driver Rgy = 40 ohms, Vo = Vppo/3.
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 'LZ measurements.
Figure 165: 'HZ(DQ) Method for Calculating Transitions and Endpoint
CK_t — CK_c crossing at the second CAS-2 of READ command
CK_t

tHZ(DQ)
1: /End point: Extrapolated point

VOH -___—_\________
\
v
05XV, — ———— N— we
VSW1
\
OV - — - ———— —>-----DQs

Notes: 1. Conditions for calibration: Pull down driver Rgy = 40 ohms, Vg = Vppo/3.
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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 221: Reference Voltage for 'L.Z(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_¢

CCMO005-554574167-10812 262 Micron Technology, Inc. reserves the right to change products or specifications without notice.
200b_z42m_automotive_lpddr4x_Ipddr4.pdf Rev. D 3/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

o LPDDR4X/LPDDR4 SDRAM
Mcron Vree Specifications - LPDDR4

Vree Specifications - LPDDR4

Internal Vgerca) Specifications

The device's internal Vggp(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 222: 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% - - Vpp2 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
YWeer TIME-SHORT | VRer(ca) Step time - - 100 ns 8
%per TIME-MIDDLE - - 200 ns 12
YWgrer 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. VREF(CA) DC voltage referenced to VDDZ(DC)'
2. VRer(ca) Step size increment/decrement range. Vper(ca) at DC level.
3. VRer(cA),new = VREF(CA),0ld T N X VReF(CA) steps N = Number of steps; if increment, use "+"; if decrement, use "-"".
4. 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.
5. The minimum value of Vger(ca) setting tolerance = Vper(ca) new - 0-10% x Vppo. The maximum value of Veerca)
setting tolerance = Vrer(ca) new + 0.10% x Vpp,. For n < 4.
6. 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.
7. 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.
8. Time from MRW command to increment or decrement one step size for Vererca).-
9. Time from MRW command to increment or decrement Ve min tO VRer max OF VRer. max 1O VRer, min Change across
the Vrer(ca) range in Vger voltage.
10. 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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11. DRAM range-0 or range-1 set by MR12 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 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 223: 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 Vgerpg)setting tolerance = Vrerpg), 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.

CCMO005-554574167-10812 265 Micron Technology, Inc. reserves the right to change products or specifications without notice.
200b_z42m_automotive_lpddr4x_Ipddr4.pdf Rev. D 3/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



AMcron

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
Command Definitions and Timing Diagrams - LPDDR4

Command Definitions and Timing Diagrams - LPDDR4

Pull Up/Pull Down Driver Characteristics and Calibration

Table 224: Pull-Down Driver Characteristics - ZQ Calibration

Ronpp,.NOM Register Min Nom Max Unit
40 ohms RON4OPD 0.90 1.0 1.10 Rzo/6
48 ohms RoN4sPD 0.90 1.0 1.10 Rzq/5
60 ohms RoN6OPD 0.90 1.0 1.10 Rzo/4
80 ohms RonsgorD 0.90 1.0 1.10 Rzo/3
120 ohms RoN120PD 0.90 1.0 1.10 Rzo/2
240 ohms Ron240rPD 0.90 1.0 1.10 Rzo/1
Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are +30%.
Table 225: Pull-Up Characteristics — ZQ Calibration
Vonpys-NOM Von,Nom Min Nom Max Unit
Vppol2.5 440 0.90 1.0 1.10 Vop,nom
Vppo/3 367 0.90 1.0 1.10 Von,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 226: Terminated Valid Calibration Points

ODT Value
Vonpu 240 120 80 60 48 40
Vppg/2.5 Valid Valid Valid DNU DNU DNU
Vbpo/3 Valid Valid Valid Valid Valid Valid
Notes: 1. Once the output is calibrated for a given Vopnom) calibration point, the ODT value may be changed without reca-
libration.
2. If the Vopmom) 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 166: 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 227: 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 228: 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 229: 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)
R_ . (AVG)

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 167: Functional Representation of DQ ODT
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Table 230: 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 230: 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 231: 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.

CCMO005-554574167-10812 271 Micron Technology, Inc. reserves the right to change products or specifications without notice.
200b_z42m_automotive_lpddr4x_Ipddr4.pdf Rev. D 3/2022 EN © 2021 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary
é‘yjlcrono LPDDR4X/LPDDR4 SDRAM
AC and DC Operating Conditions - LPDDR4

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. Rz =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 232: 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: AVorgay: 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 233: 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 234: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vpp1 1.7 1.8 1.95 Core 1 power \% 1,2
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Table 234: 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 235: Single-Ended Output Slew Rate

Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Vo = 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 Voupc) and
Vonac) = 0.8 x Vor(poy-

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 168: Single-Ended Output Slew Rate Definition
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Differential Output Slew Rate

Table 236: 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 169: 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 170: 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 Vppg/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 171: Pull-Up Calibration
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Revision History

Rev. D - 3/2022

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

Rev. C-10/2021
¢ Added MPN for DDP
Rev. B - 07/2021

* 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.

e Updated IDD values from TBD to actual spec
Rev. A - 04/2021

¢ Initial release
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