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Features
LPDDRA4AX/LPDDR4 SDRAM
MT53E2G32D4, MT53E1G64D4, MT53E2G64D8
Features Options Marking

This data sheet is for LPDDR4X and LPDDR4 unified
product based on LPDDR4X information. As for
LPDDR4 setting, refer to General LPDDR4 Specification

i VDD1/VDD2/VDDQ: 1.80V/1.10V/0.60V or E
1.10V
e Array configuration

at the end of this data sheet. -2 Gigx 32 (2 channelsx 16 I/0) 2G32
¢ Ultra-low-voltage core and I/0O power supplies B ; gig i gi Ej gﬁ:ﬁggi:i }g 58; ;ggj
- Vpp = 1.70-1.95V; 1.80V nominal . Dovi egcon figuration
- Vppz =1.06-1.17V; 1.10V nomlpal ~1G16 x4 die in package Da
- Vppq = 0.57-0.65V; 0.60V nominal _1G16 x 8 die in packase D8
or Vppq = 1.06-1.17V; 1.10V nominal 0 ©1n packag
« Frequency range ¢ FBGA “green” package
—2133-10 MHz (data rate range per pin: 4266-20 B ?0104'3311 ;gi%/;hglg))mm x 14.5mm X DE
Mb/s) ; P
* 16n prefetch DDR architecture B 37761-ball %V()lg%fé\M]()Mmm < ldmm x - Nz!
 8internal banks per channel for concurrent operation 556 Igmﬁ’TFé GA (12 11 124 HJ
e Single-data-rate CMD/ADR entry B 11 ~ba 0024 SM(D A Lo Amm X
* Bidirectional/differential data strobe per byte lane 556mbmﬁ LF'B GA 12) 4 124 .
e Programmable READ and WRITE latencies (RL/WL) - ) 23' a 0024 Sl(\/[D mm > 1z.amm X N
* Programmable and on-the-fly burst lengths (BL = 16, -~3mm, 90, . )
32) ¢ Speed grade, cycle time
* Directed per-bank refresh for concurrent bank opera- . 64681).8 @RL =36/40 046
tion and ease of command scheduling p§r5 aoténg te81151?(§: rature range WT
e Up to 8.5 GB/s per die x16 channel . ;{_, Lo+ C
* On-chip temperature sensor to control self refresh evision ’
rate o .
. Note: 1. Preliminary status: Products and speci-
* Partial-array self refr-esh (PASR) fications discussed herein are for evaluation and
* Selectable output-d-rlve strength (DS) reference purposes only and are subject to
¢ Clock-stop capability change by Micron without notice. Products are
* RoHS-compliant, “green” packaging only warranted by Micron to meet Micron’s pro-
* Programmable Vgg (ODT) termination duction data sheet specifications
* Single-ended CK and DQS support
Table 1: Key Timing Parameters
Data Rate Array WRITE Latency READ Latency
Speed Clock Rate per Pin Configuratio
Grade (MHz) (Mb/s) n Set A SetB DBI Disabled | DBI Enabled
-046 2133 4266 2G x 32 18 34 36 40
-046 2133 4266 1G x 64 18 34 36 40
-046 2133 4266 2G x 64 18 34 36 40
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Part Number Ordering Information

Part Number Ordering Information

Figure 1: Part Number Chart

MT 53 E 2G32 D4 DE -046 WT :C

Micron Technology Design Revision

:C
Product Family
53 = Mobile LPDDR4 SDRAM Operating Temperature
WT =-25°C to +85°C

Operating Voltage
E = 1.10V Vppp,/0.60V or 1.10V Vg L CycleTime
-046 = 468ps, 'CK RL = 36/40

Configuration

2G32 =2 Gig x 32 Package Codes

1G64 = 1 Gig x 64 DE = 200-ball TFBGA 10 x 14.5 x1.14mm (@0.40 SMD)

2G64 = 2 Gig x 64 NZ = 376-ball WFBGA 14 x 14 x 0.71mm (©0.24 SMD)
HJ = 556-ball TFBGA 12.4 x 12.4 x 1.1mm (@0.24 SMD)

Die Count TN = 556-ball LFBGA 12.4 x 12.4 x 1.23mm (©0.24 SMD)

D4 = LPDDR4, 4 die
D8 = LPDDR4, 8 die

Table 2: Part Number List

Part Number Total Density Data Rate per Pin
MT53E2G32D4DE-046 WT:C 8GB (64Gb) 4266 Mbl/s
MT53E1G64D4NZ-046 WT:C' 8GB (64Gb) 4266 Mbl/s
MT53E1G64D4HJ-046 WT:C 8GB (64Gb) 4266 Mb/s
MT53E2G64D8TN-046 WT:C' 16GB (128Gb) 4266 Mb/s

Notes: 1. Preliminary status: Products and specifications discussed herein are for evaluation and reference purposes only and
are subject to change by Micron without notice. Products are only warranted by Micron to meet Micron’s produc-
tion data sheet specifications.

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part marking that is different from the
part number. Micron’s FBGA part marking decoder is available at www.micron.com/decoder.
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Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this document,
including without limitation specifications and product descriptions. This document supersedes and replaces all
information supplied prior to the publication hereof. You may not rely on any information set forth in this document
if you obtain the product described herein from any unauthorized distributor or other source not authorized by
Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless specifi-
cally designated by Micron as automotive-grade by their respective data sheets. Distributor and customer/distrib-
utor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, death, or property damage resulting directly or indirectly from any use of
non-automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms and
conditions of sale between customer/distributor and any customer of distributor/customer (1) state that Micron
products are not designed or intended for use in automotive applications unless specifically designated by Micron
as automotive-grade by their respective data sheets and (2) require such customer of distributor/customer to
indemnify and hold Micron harmless against all claims, costs, damages, and expenses and reasonable attorneys'
fees arising out of, directly or indirectly, any claim of product liability, personal injury, death, or property damage
resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Products are not authorized for use in applications in which failure of the Micron component
could result, directly or indirectly in death, personal injury, or severe property or environmental damage ("Critical
Applications"). Customer must protect against death, personal injury, and severe property and environmental
damage by incorporating safety design measures into customer's applications to ensure that failure of the Micron
component will not result in such harms. Should customer or distributor purchase, use, or sell any Micron compo-
nent for any critical application, customer and distributor shall indemnify and hold harmless Micron and its subsid-
iaries, subcontractors, and affiliates and the directors, officers, and employees of each against all claims, costs,
damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of product
liability, personal injury, or death arising in any way out of such critical application, whether or not Micron or its
subsidiaries, subcontractors, or affiliates were negligent in the design, manufacture, or warning of the Micron
product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT
FAILURE RATES AND LIMITED USEFUL LIVES. IT IS THE CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FOR THE CUSTOMER'S SYSTEM, APPLICATION, OR
PRODUCT. Customers must ensure that adequate design, manufacturing, and operating safeguards are included in
customer's applications and products to eliminate the risk that personal injury, death, or severe property or envi-
ronmental damages will result from failure of any semiconductor component.

Limited Warranty. In no event shall Micron be liable for any indirect, incidental, punitive, special or consequential
damages (including without limitation lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such damages are based on tort, warranty, breach
of contract or other legal theory, unless explicitly stated in a written agreement executed by Micron's duly autho-
rized representative.
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Product Specification

General Description

The 16Gb mobile low-power DDR4 SDRAM with low Vg (LPDDR4X) is a high-speed, CMOS dynamic

random-access memory device. This device is internally configured with 2 channels or 1 channel x16
1/0, each channel having 8-banks.

General Notes

Throughout the data sheet, figures and text refer to DQs as DQ. DQ should be interpreted as any or all
DQ collectively, unless stated otherwise.

DQS and CK should be interpreted as DQS_t, DQS_c and CK_t, CK_c respectively, unless stated other-
wise. CA includes all CA pins used for a given density.

In timing diagrams, CMD is used as an indicator only. Actual signals occur on CA[5:0].
VREF indicates VREFCA and VREFDQ‘

Complete functionality may be described throughout the entire document. Any page or diagram may
have been simplified to convey a topic and may not be inclusive of all requirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, not supported, and will
result in unknown operation.

For single-ended CK and DQS features or specifications, refer to the LPDDR4X Single-Ended CK and
DQS Addendum.
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Device Configuration

Table 3: Device Configuration

2G32
(64Gb/package)

1G64
(64Gb/package)

2G64
(128Gb/package)

Die organization
in the package

Channel A, rank 0

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

Channel A, rank 1

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

Channel B, rank 0

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

Channel B, rank 1

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

Channel C, rank 0

Channel C, rank 1

Channel D, rank0

Channel D, rank1

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

x16 mode x 1 die
(single channel)

Die addressing

Dual/single Die

16Gb single-channel die

Memory density (per die)

16Gb

Memory density (per channel)

16Gb

Configuration

128Mb x 16 DQ x 8 banks

Number of channels (per die)

1

Number of banks (per channel) 8
Array prefetch (bits, per channel) 256
Number of rows (per channel) 131,072
Number of columns 64
(fetch boundaries)

Page size (bytes) 2048

Channel density (bits per channel)

17,179,869,184

Total density (bits per die)

17,179,869,184

Bank address BA[2:0]
Row address R[16:0]
Column address C[9:0]
Burst starting address boundary 64-bit

Note: 1. Refer to Package Block Diagram section in Product Specification and SDRAM Addressing section in General LPD-
DR4X specification.
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Refresh Requirement Parameters

Table 4: Refresh Requirement Parameters

Parameter Symbol 16Gb Single-Channel Die Unit
REFRESH cycle time (all banks) tRFCab 280 ns
REFRESH cycle time (per bank) 'RFCpb 140 ns
Per bank refresh to per bank refresh time (different bank) tPBR2PBR 90 ns

Note: 1. This table only describes refresh parameters which are density dependent. Refer to Refresh Requirement section
in General LPDDR4X specification for all the refresh parameters.
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Package Block Diagrams

Figure 2: Quad-Die, Dual-Channel, Dual-Rank Package Block Diagram (x32 1/0)

VDD1 VDD2 VSS VDDQ

ot
‘ Die RzZQ
ZQ0
RESET n T °
CSO_A I ® DMI[1:0]_A
CKEO_A LPDDR4 DQ[15:0]_A
Channel A DQS[1:0]_t_A
CK_t_A DQS[1:0]_c_A
CK_c_A
CA[5:0]_A ODT_CA ODT_CA_A
Die
CS0_B I DMI[1:0]_B
CKEO_B LPDDR4 DQI15:0]_B
L. Channel B DQS[1:0]_t_B
CK_t_B DQS[1:0]_c_B
CK_c_B
CA[5:0]_B ODT_CA — ODT_CA B
Vbpa
Die RZQ
[ . ZQ1
CS1_A j
CKE1_A LPDDR4
Channel A
ODT_CA l
Vss
Die
CS1_B
CKE1_B I LPDDR4
Channel B
ODT_CA J_
Vss

Note: 1. ODT_CA for Rank 0 of each channel is wired to the respective ODT ball. ODT_CA for Rank 1 of each channel is wired
to Vs in the package.
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Package Block Diagrams

Figure 3: Quad-Die, Quad-Channel Package Block Diagram
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Figure 4: Eight-Die, Quad-Channel Package Block Diagram
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Note: 1. ODT_CA for Rank 0 of each channel is wired to the respective ODT ball. ODT_CA for Rank 1 of each channel is wired
to Vs in the package.
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Ball Assignments and Descriptions: 200-Ball

Table 5: Ball/Pad Descriptions

Symbol Type |Description
CK_t A, CK_c_A, Input | Clock: CK_t and CK_c are differential clock inputs. All address, command and control input
CK_t_B, CK_c_B signals are sampled on positive edge of CK_t and the negative edge of CK_c. AC timings for

CA parameters are referenced to clock. Each channel (A, B) has its own clock pair.
CKEO_A, CKE1_A, Input | Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals,

CKEO_B, CKE1_B input buffers, and output drivers. Power-saving modes are entered and exited via CKE tran-
sitions. CKE is sampled at the rising edge of CK.

CSO0_A, CS1_A, Input | Chip select: Each channel (A, B) has its own CS signals.

CS0_B, CS1_B
CA[5:0]_A, Input | Command/address inputs: Provide the command and address inputs according to the
CA[5:0]_B command truth table. Each channel (A, B) has its own CA signals.
ODT_CA_A, Input |LPDDR4 CA ODT control: The ODT_CA pin is used in conjunction with the mode register
ODT_CA_B to turn on/off the on-die termination for CA pins. It is bonded to Vpp, within the package,

or at the package ball, for the terminating rank, and the non-terminating ranks are
bonded to Vg (or left floating with a weak pull-down on the DRAM die). The terminating
rank is the DRAM that terminates the CA bus for all die on the same channel.

LPDDR4X CA ODT Control: The ODT_CA pin is ignored by LPDDR4X devices. CA ODT is
fully controlled through MR11 and MR22. The ODT_CA pin shall be connected to a valid

logic level.
DQ[15:0]_A, 1/0 Data input/output: Bidirectional data bus.
DQ[15:0]_B
DQS[1:0]_t_A, 110 Data strobe: DQS_t and DQS_c are bi-directional differential output clock signals used to
DQS[1:0]_c_A, strobe data during a READ or WRITE. The data strobe is generated by the DRAM for a READ
DQS[1:0]_t_B, and is edge-aligned with data. The data strobe is generated by the SoC memory controller
DQS[1:0]_c_B for a WRITE and is trained to precede data. Each byte of data has a data strobe signal pair.
Each channel (A, B) has its own DQS_t and DQS_c strobes.
DMI[1:0]_A, 110 Data mask/Data bus inversion: Data mask inversion (DMI) is a dual use bi-directional sig-
DMI[1:0]_B nal used to indicate data to be masked, and data which is inverted on the bus. For data bus
inversion (DBI), the DM signal is driven HIGH when the data on the data bus is inverted, or
driven LOW when the data is in its normal state. DBI can be disabled via a mode register
setting. For data mask, the DM signal is used in combination with the data lines to indicate
data to be masked in a MASK WRITE command (see the Data Mask (DM) and Data Bus
Inversion (DBI) sections for details). The data mask function can be disabled via a mode reg-
ister setting. Each byte of data has a DMI signal. Each channel has its own DMI signals.
ZQo, ZzQ1 Refer- |ZQ calibration reference: Used to calibrate the output drive strength and the termina-

ence |tion resistance. The ZQ pin shall be connected to Vppq through a 240Q 1% resistor.

Voba: Vop1: Vppz | Supply | Power supplies: Isolated on the die for improved noise immunity.

Vsg Supply | Ground reference: Power supply ground reference.
RESET_n Input | RESET: When asserted LOW, the RESET pin resets all channels of the die.
DNU - Do not use: Must be grounded or left floating.
NC - No connect: Not internally connected.
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Figure 5: 200-Ball Dual-Channel, Dual-Rank Discrete FBGA
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Ball Descriptions and Assignments

Table 6: Ball/Pad Descriptions for x64

Symbol Type Description
CK_t_A, CK_c_A, Input Clock: CK_t and CK_c are differential clock inputs. All address, command, and con-
CK_t_B, CK_c_B, trol input signals are sampled on positive edge of CK_t and the negative edge of
CK_t_C, CK_c_C, CK_c. AC timings for CA parameters are referenced to clock. Each channel (A, B, C,
CK_t_D,CK_c. D and D) has its own clock pair.
CKEO_A, CKE1_A, Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock sig-
CKEO_B, CKE1_B, nals, input buffers, and output drivers. Power-saving modes are entered and
CKEO_C, CKE1_C, exited via CKE transitions. CKE is sampled at the rising edge of CK.
CKEO_D, CKE1_D
CSO0_A, CS1_A, Input Chip select: Each rank (0,1) in each channel (A, B, C, and D) has its own CS signals.
CS0_B, CS1_B,
CS0_C, CS1_C,
CS0_D, CS1_D
CA[5:0]_A, CA[5:0]_B, Input Command/Address inputs: Provide the command and address inputs according
CA[5:0]_C, CA[5:0]_D to the command truth table. Each channel (A, B, C, and D) has its own CA signals.
ODT_CA_A, ODT_CA_B, Input CA ODT control: The ODT_CA pin is ignored by LPDDR4X devices. CA ODT is fully
ODT_CA_C,ODT_CA D controlled through MR11 and MR22. The ODT_CA pin shall be connected to a valid
logic level.
DQI[15:0]_A, DQ[15:0]_B, /10 Data input/output: Bidirectional data bus.
DQ[15:0]_C, DQ[15:0]_D
DQS[1:0]_t_A, I/0 Data strobe: DQS_t and DQS_c are bi-directional differential output clock signals
DQS[1:0] c_A, used to strobe data during READ or WRITE. The data strobe is generated by the
DQS[1:0]_t_B, DRAM for a READ and is edge-aligned with data. The data strobe is generated by
DQS[1:0]_c_B, the SoC memory controller for a WRITE and is trained to precede data. Each byte
DQS[1:0]_t_C, of data has a data strobe signal pair. Each channel (A, B, C, and D) has its own
DQS[1:0]_c_C, DQS_t and DQS_c strobes.
DQS[1:0]_t_D,
DQS[1:0]_c_D
DMI[1:0]_A, DMI[1:0]_B, I/0 Data mask/Data bus inversion: Data mask inversion (DMI) is a dual use bi-direc-
DMI[1:0]_C, DMI[1:0]_D tional signal used to indicate data to be masked, and data which is inverted on the
bus. For data bus inversion (DBI), the DMl signal is driven HIGH when the data on
the data bus is inverted, or driven LOW when the data is in its normal state. DBI
can be disabled via a mode register setting. For data mask, the DMI signal is used
in combination with the data lines to indicate data to be masked in a MASK WRITE
command (see the Data Mask (DM) and Data Bus Inversion (DBI) sections for
details). The data mask function can be disabled via a mode register setting. Each
byte of data has a DMI signal. Each channel has its own DMI signals.
ZQO0 A, ZQ1_A, Reference |ZQ calibration reference: Used to calibrate the output drive strength and the
ZQ0 D, ZQ1_D termination resistance. The ZQ pin shall be connected to Vppq through a 2400
+1% resistor.
Vbpar Vop1: Vop2 Supply |Power supplies: Isolated on the die for improved noise immunity.
Vs Supply | Ground reference: Power supply ground reference.
RESET_n Input RESET: When asserted LOW, the RESET pin resets all channels of the die.
NC - No connect: Not internally connected.
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Package Dimensions

Figure 8: 200-Ball TFBGA - 10mm x 14.5mm x 1.14mm (Package Code: DE)

o - \__l
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Notes: 1. All dimensions are in millimeters.
2. Solder ball composition: SACQ with CuOSP pads (Sn, 4% Ag, 0.5% Cu, 3% Bi, 0.05% Ni).
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Package Dimensions

Figure 9: 376-Ball WFBGA - 14.0mm x 14.0mm x 0.71mm (Package Code: N2)

""""""""""""""""""" Seating plane
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Notes: 1. All dimensions are in millimeters.
2. Solder ball composition: SAC302 with Ni/Au pads (Sn3Ag0.2Cu).
3. The package height does not include room temperature warpage.
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Package Dimensions

Figure 10: 556-Ball TFBGA - 12.4mm x 12.4mm x 1.1mm (Package Code: HJ)

556X ©0.27 +0.05
Dimensions apply
to solder balls post-

reflow on ©0.24 SMD Ball A11D Ball A1 1D
1] .
ba pads 28 26 24 22 20 18 16 14 12 10 8 6 4 2
29 27 25 23 21 19 17 15 13 11 9 7 5 3 1
\ T
%$0000000000000900000000000000 Y A
00000000000000000000000000000 |B
00000000000000H00000000000000 | ¢
99000000000000900000000000000 | b
00000000000000000000000000000 | E
00000000000000000000000000000 | F
000000060000000900006000000000 |G
00000 00000 |H
38888 ! 38638 |«
11.2 CTR 00000 | 00000 |L
00000 | 00000 |M
00000 00000 | N
00000 ! 0000 |P
-+ 06080~ — — — — — 4+ === 06006 R
00000 | 00000 | T
00000 00000 |u
36865 ! 06006 | w
12.4 +0.1 00000 | 0000 | Y
00000 | 00000 | AA
00000 00000 | AB
00000000000000000000000000000 | AC
90000000000000900000000000000 | AD
00000000000000600000000000000 | AE
00000000000000P00000000000000 | AF
29509000000000000000000000000 | AG
—gooooooooooooo 00000000000000 | AH
0000000000000pO00000000000SS | Al
T
04TYP —
0.4TYP 1.01 £0.09
|e— 112 CTR ——— = —— 0.2 £0.03
12.4 0.1

Notes: 1. All dimensions are in millimeters.
2. Solder ball composition: SACQ (Sn, 4% Ag, 0.5% Cu, 3% Bi, 0.05% Ni)
3. The package height does not include room temperature warpage.
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Figure 11: 556-Ball LFBGA - 12.4mm x 12.4mm x 1.23mm (Package Code: TN)
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Notes: 1. All dimensions are in millimeters.
2. Solder ball composition: SACQ (Sn, 4% Ag, 0.5% Cu, 3% Bi, 0.05% Ni)
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Product Specific Mode Register Definition

Table 7: Mode Register Contents

Mode OP7 OoP6 OP5 OoP4 oP3 oP2 OP1 OoPO
Register
MRO Single- RFM Latency REF
ended support mode
mode
OP[0] = Only modified refresh mode supported
OP[1] = Device supports normal latency
OP[2] = Device supports TRR
OP[5] = Device supports single-ended mode
MR3 PPRP3
OP[2] = PPR protection disabled (default)
: 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] = 0110b: 16Gb single-channel die
00b: x16/channel
01b: x8/channel
MR13 VRO
OP[2] = Ob: Normal operation (default)
1b: Output the Vgep(ca) value on DQ7 and Vgep(pq) value on DQ6
MR24 TRR Unlimited MAC value
mode 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-
ages.
2. Other bits not defined above and other mode registers are referred to Mode Register Assignments and Definitions
section.
3. When not using PPR function, PPR protection should be enabled to prevent unintended PPR entry (MR3 OP[2] =
1b).
4. Before using PPR function, confirm the availability of PPR resource by reading MR25.
5. Notes 1 and 2 apply to entire. table.
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LPDDR4X Ipp Parameters

Refer to Ipp Specification Parameters and Test Conditions section for detailed conditions.

Table 8: LPDDR4X Ipp Parameters - Single Die (16Gb Single-Channel Die)
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Product Specification

Speed Grade
Symbol Supply 4266 Mb/s Unit Note
lDD01 VDD1 500 mA
lDDOQ VDDQ 0.75
lDD2P1 VDD1 2.40 mA
Ipp2p2 Vbp2 3.40
lDDZPQ VDDQ 0.75
Ipp2ps1 Vpp1 2.40 mA
Ipp2ps2 Vbbp2 3.40
Ipp2prsq Vbpq 0.75
lDD2N1 VDD1 2.40 mA
Ipp2n2 Vbp2 14.00
Ibp2nQ VbpQ 0.75
IpD2Ns1 Vpp1 2.40 mA
Ipp2ns2 Vpp2 12.00
Ipp2nsq Vbbq 0.75
lDD3P1 VDD1 2.40 mA
Ipp3p2 Vbp2 6.20
|DD3PQ VDDQ 0.75
Ipp3ps1 Vbp1 2.40 mA
Ipp3ps2 Vb2 6.20
Ipp3prsq Vbpq 0.75
lDD3N1 VDD1 3.40 mA
Ipp3n2 Vbbp2 16.00
lDD3NQ VDDQ 0.75
Ipp3ns1 Vpp1 3.40 mA
IpD3Ns2 Vbp2 14.00
Ibp3nsQ Vbbaq 0.75
lDD4R1 VDD1 11.00 mA 2, 3
lDD4RQ VDDQ 63.00
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Table 8: LPDDR4X Ipp Parameters - Single Die (16Gb Single-Channel Die)

Speed Grade
Symbol Supply 4266 Mb/s Unit Note
Ippaw1 AN 11.00 mA 2
Ippaw? Vbb2 160.00
Ippawq Vbbq 0.75
Ipps1 Vpp1 23.00 mA
Ipps2 Vpp2 145.00
Ippsq Vbbq 0.75
IppsAB1 Vbp1 6.60 mA
IppsAB2 Vb2 24.00
IbpsaBQ Vbbq 0.75
Ippspe1 Vb1 4.80 mA
IppsPB2 Vpbp2 24.00
Ibpspeq Vbbq 0.75

Notes: 1. Published Ipp values except Ipparqg are the maximum Ipp values considering the worst-case conditions of process,
temperature, and voltage.
2. BL =16, DBI disabled.

3. Ipparq value is reference only. Typical value. Voy = 0.5 x Vppqg; Te = 25°C
4. Vpp; = 1.06-1.17V; Vppq = 0.57-0.65V; Vppq = 1.70-1.95V; T = -25°C to +85°C

Table 9: Ippg Full-Array Self Refresh Current - Single Die (16Gb Single-Channel Die)

Temperature Supply Full-Array Self Refresh Current Unit
25°C Vbb1 0.52 mA
Vbp2 1.16
Vbbq 0.01
85°C Vbb1 430 mA
Vb2 9.00
Vbbq 0.75

Notes: 1. Ippg 25°C is the typical value in the distribution with nominal Vpp and a reference-only value. Ippg 85°C is the
maximum Ipp guaranteed value considering the worst-case conditions of process, temperature, and voltage.
2. VDDZ = 1.06-1 17V, VDDQ = 057—065V, VDD1 =1.70-1.95V
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LPDDRA4 Ipp Parameters

Refer to Ipp Specification Parameters and Test Conditions section for detailed conditions.

Table 10: LPDDR4 Ipp Parameters - Single Die (16Gb Single-Channel Die)

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
Product Specification

Speed Grade
Symbol Supply 4266 Mb/s Unit Note
lDD01 VDD1 500 mA
lDDOQ VDDQ 0.75
lDD2P1 VDD1 2.40 mA
Ipp2p2 Vbp2 3.40
lDDZPQ VDDQ 0.75
Ipp2ps1 Vpp1 2.40 mA
Ipp2ps2 Vbbp2 3.40
Ipp2prsq Vbpq 0.75
lDD2N1 VDD1 2.40 mA
Ipp2n2 Vbp2 14.00
Ibp2nQ VbpQ 0.75
IpD2Ns1 Vpp1 2.40 mA
Ipp2ns2 Vpp2 12.00
Ipp2nsq Vbbq 0.75
lDD3P1 VDD1 2.40 mA
Ipp3p2 Vbp2 6.20
|DD3PQ VDDQ 0.75
Ipp3ps1 Vbp1 2.40 mA
Ipp3ps2 Vb2 6.20
Ipp3prsq Vbpq 0.75
lDD3N1 VDD1 3.40 mA
Ipp3n2 Vbbp2 16.00
lDD3NQ VDDQ 0.75
Ipp3ns1 Vpp1 3.40 mA
IpD3Ns2 Vbp2 14.00
Ibp3nsQ Vbbaq 0.75
lDD4R1 VDD1 11.00 mA 2, 3
lDD4RQ VDDQ 94.00
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Table 10: LPDDR4 Ipp Parameters - Single Die (16Gb Single-Channel Die)

Speed Grade
Symbol Supply 4266 Mb/s Unit Note
Ippaw1 AN 11.00 mA 2
Ippaw? Vbb2 160.00
Ippawq Vbbq 0.75
Ipps1 Vpp1 23.00 mA
Ipps2 Vpp2 145.00
Ippsq Vbbq 0.75
IppsAB1 Vbp1 6.60 mA
IppsAB2 Vb2 24.00
IbpsaBQ Vbbq 0.75
Ippspe1 Vb1 4.80 mA
IppsPB2 Vpbp2 24.00
Ibpspeq Vbbq 0.75

Notes: 1. Published Ipp values except Ipparqg are the maximum Ipp values considering the worst-case conditions of process,
temperature, and voltage.
2. BL =16, DBI disabled.

3. Ipparq Vvalue is reference only. Typical value. Vgoy = Vppq/3; Te = 25°C
4, VDDZ' VDDQ = 1.06-1 17V, VDD1 =1.70-1 95V, TC =-25°C to +85°C

Table 11: Ippg Full-Array Self Refresh Current - Single Die (16Gb Single-Channel Die)

Temperature Supply Full-Array Self Refresh Current Unit
25°C Vbb1 0.52 mA
Vbp2 1.16
Vbbq 0.01
85°C Vbb1 430 mA
Vb2 9.00
Vbbq 0.75

Notes: 1. Ippg 25°C is the typical value in the distribution with nominal Vpp and a reference-only value. Ippg 85°C is the
maximum Ipp guaranteed value considering the worst-case conditions of process, temperature, and voltage.

2. Vppa Vppg = 1.06-1.17V; Vppq = 1.70-1.95V
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General LPDDR4X Specification

Functional Description

The Mobile Low-Power DDR4 SDRAM (LPDDRA4) is a high-speed CMOS, dynamic random-access
memory internally configured with either 1 or 2 channels. Each channel is comprised of 16 DQs and 8
banks.

LPDDR4 uses a 2-tick, single-data-rate (SDR) protocol on the CA bus to reduce the number of input
signals in the system. The term "2-tick" means that the command/address is decoded across two trans-
actions, such that half of the command/address is captured with each of two consecutive rising edges
of CK. The 6-bit CA bus contains command, address, and bank information. Some commands such as
READ, WRITE, MASKED WRITE, and ACTIVATE require two consecutive 2-tick SDR commands to
complete the instruction.

LPDDR4 uses a double-data-rate (DDR) protocol on the DQ bus to achieve high-speed operation. The
DDR interface transfers two data bits to each DQ lane in one clock cycle and is matched to a
16n-prefetch DRAM architecture. A write/read access consists of a single 16n-bit-wide data transfer
to/from the DRAM core and 16 corresponding n-bit-wide data transfers at the I/O pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected column address
and continue for a programmed number of columns in a programmed sequence.

Accesses begin with the registration of an ACTIVATE command to open a row in the memory core,
followed by a WRITE or READ command to access column data within the open row. The address and
bank address (BA) bits registered by the ACTIVATE command are used to select the bank and row to be
opened. The address and BA bits registered with the WRITE or READ command are used to select the
bank and the starting column address for the burst access.

Prior to normal operation, the LPDDR4 SDRAM must be initialized. The following sections provide
detailed information about device initialization, register definition, command descriptions and device
operations.
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SDRAM Addressing

The table below includes all SDRAM addressing options defined by JEDEC. Under the Device Config-
uration heading near the beginning of this data sheet are addressing details for this product data sheet.
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Simplified Bus Interface State Diagram

The state diagram provides a simplified illustration of the bus interface, supported state transitions,
and the commands that control them. For a complete description of device behavior, use the informa-
tion provided in the state diagram with the truth tables and timing specifications. The truth tables
describe device behavior and applicable restrictions when considering the actual state of all banks. For

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

command descriptions, see the Commands and Timing section.

Figure 12: Simplified State Diagram

Power-on

MPC-
based
training

refresh

MPC-

MPC-
based
training

based

training

WR or MWR

Write or mask

write with
auto

precharge

r PREA

@arging

Notes: 1. From the self refresh state, the device can enter power-down, MRR, MRW, or any of the training modes initiated
with the MPC command. See the Self Refresh section.
2. All banks are precharged in the idle state.
3. Inthe case of using an MRW command to enter a training mode, the state machine will not automatically return
to the idle state at the conclusion of training. See the applicable training section for more information.

Automatic sequenie
Command sequence
—_—
MPC-
based
training

Per bank

All bank MPC MPC-

refresh |1 based

training

MR read

with auto
precharge

training

MR

9 read

MPC-
based
training

PRE(A) = PRECHARGE (ALL)
ACT = ACTIVATE
WR(A) = WRITE (with auto precharge)
MWR(A) = Mask WRITE

(with auto precharge)
RD(A) = READ (with auto precharge)
MRW = MODE REGISTER WRITE
MRR = MODE REGISTER READ
"CKE = L" = Enter power-down
"CKE = H" = Exit power-down
SRE = Enter self refresh
SRX = Exit self refresh
REF = REFRESH

MPC = Mult-purpose command (with NOP)
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In the case of an MPC command to enter a training mode, the state machine may not automatically return to the
idle state at the conclusion of training. See the applicable training section for more information.

This diagram is intended to provide an overview of the possible state transitions and commands to control them;
however, it does not contain the details necessary to operate the device. In particular, situations involving more
than one bank are not captured in complete detail.

States that have an "automatic return" and can be accessed from more than one prior state (that is, MRW from
either idle or active states) will return to the state where they were initiated (that is, MRW from idle will return to
idle).

The RESET pin can be asserted from any state and will cause the device to enter the reset state. The diagram shows
RESET applied from the power-on and idle states as an example, but this should not be construed as a restriction
on RESET.

MRW commands from the active state cannot change operating parameters of the device that affect timing. Mode
register fields which may be changed via MRW from the active state include: MR1-OP[3:0], MR1-OP[7],
MR3-OP[7:6], MR10-OP[7:0], MR11-OP[7:0], MR13-OP[5], MR15-OP[7:0], MR16-OP[7:0], MR17-OP[7:0],
MR20-OP[7:0], and MR22-OP[4:0].

Figure 13: Simplified State Diagram

a) FIFO-Based Write/Read Timing b) Read DQ Calibration
. MPC MPC MPC
Automatic sequenie
Command sequence MPC MPC DQ
— > Calibration —
MPC-
&, based —|—r- =
training
c) ZQCAL Start d) ZQCAL Latch
ZQ Q
MPC___ | Calibration e MPC Calibration e
Start Latch

Power-Up and Initialization

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

Table 14: 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
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z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary
d(('}l Cro n LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Table 14: Mode Register Default Settings (Continued)

Item Mode Register Setting Default Setting Description

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

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

VRer(ca) Value MR12 OP[5:0] 011101b Range1: 50.3% of Vppq

VRer(pQ) Setting MR14 OP[6] 1b VRer(pq) range(1] enabled

VRer(pq) Value MR14 OP[5:0] 011101b Range1: 50.3% of Vppq

The following sequence must be used to power up the device. Unless specified otherwise, this proce-
dure is mandatory. The power-up sequence of all channels must proceed simultaneously.

Voltage Ramp

1. While applying power (after Ta), RESET_n should be held LOW (<0.2 x Vpp,), and all other inputs
must be between Vi i, and Vi a4 The device outputs remain at High-Z while RESET _n is held
LOW. Power supply voltage ramp requirements are provided in the table below. Vpp; mustramp at the
same time or earlier than Vppy. Vppy must ramp at the same time or earlier than Vppg.

Table 15: Voltage Ramp Conditions

After... Applicable Conditions

Ta is reached Vpp1 must be greater than Vppy

Vppz must be greater than Vppq - 200mV

Notes: 1. Ta is the point when any power supply first reaches 300mV.
Voltage ramp conditions in above table apply between Ta and power-off (controlled or uncontrolled).

Tb is the point at which all supply and reference voltages are within their defined operating ranges.

Power ramp duration YNITO (Tb-Ta) must not exceed 20ms.
The voltage difference between any Vgg and Vgsq must not exceed 100mV.

uA WN

2. Following completion of the voltage ramp (Tb), RESET_n must be held LOW for YINIT1. DQ, DMI,
DQS_t, and DQS_c voltage levels must be between Vggq and Vppq during voltage ramp to avoid

latch-up. CK_t and CK_c, CS, and CA input levels must be between Vgg and Vppy, during voltage ramp
to avoid latch-up. Voltage ramp power supply requirements are provided in the table below.

3. Beginning at Tb, RESET_n must remain LOW for at least YUNIT1(Tc), after which RESET _n can be
de-asserted to HIGH(Tc). At least 10ns before CKE de-assertion, CKE is required to be set LOW. All
other input signals are "Don't Care."
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Figure 14: Voltage Ramp and Initialization Sequence
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Note: 1. Training is optional and may be done at the system designer's discretion. The order of training may be different
than what is shown here.

4. After RESET _n is de-asserted(Tc), wait at least 'INIT3 before activating CKE. CK_t, CK_c must be

started and stabilized for 'INIT4 before CKE goes active(Td). CS must remain LOW when the controller
activates CKE.

5. After CKE is set to HIGH, wait a minimum of ‘INIT5 to issue any MRR or MRW commands(Te). For
MRR and MRW commands, the clock frequency must be within the range defined for ‘CKb. Some AC

parameters (for example, ‘DQSCK) could have relaxed timings (such as 'DQSCKb) before the system is
appropriately configured.

6. After completing all MRW commands to set the pull-up, pull-down, and Rx termination values, the
controller can issue the ZQCAL START command to the memory(Tf). This command is used to cali-
brate the Vg level and the output impedance over process, voltage, and temperature. In systems

where more than one device share one external ZQ resistor, the controller must not overlap the ZQ cali-
bration sequence of each device. The ZQ calibration sequence is completed after ‘ZQCAL (Tg). The

ZQCALLATCH command must be issued to update the DQ drivers and DQ + CA ODT to the calibrated
values.

7. After 'ZQLAT is satisfied (Th), the command bus (internal VRer(ca), CS, and CA) should be trained for

high-speed operation by issuing an MRW command (command bus training mode). This command is
used to calibrate the device's internal Vg and align CS/CA with CK for high-speed operation. The

device will power-up with receivers configured for low-speed operations and with Vygg(ca) set to a

default factory setting. Normal device operation at clock speeds higher than 'CKb may not be possible
until command bus training is complete. The command bus training MRW command uses the CA bus
as inputs for the calibration data stream, and it outputs the results asynchronously on the DQ bus. See
command bus training in the MRW section for information on how to enter/exit the training mode.

8. After command bus training, the controller must perform write leveling. Write leveling mode is

enabled when MR2 OP[7] is HIGH(Ti). See the Write Leveling section for a detailed description of the
write leveling entry and exit sequence. In write leveling mode, the controller adjusts write DQS timing
to the point where the device recognizes the start of write DQ data burst with desired WRITE latency.
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9. After write leveling, the DQ bus (internal Vgggpg), DQS, and DQ) should be trained for high-speed
operation using the MPC TRAINING commands and by issuing MRW commands to adjust VRggpe)-
The device will power-up with receivers configured for low-speed operations and with Vggppg) set to
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a default factory setting. Normal device operation at clock speeds higher than ‘CKb should not be
attempted until DQ bus training is complete. The MPC[READ DQ CALIBRATION] command is used
together with MPC[READ-FIFO] or MPC[WRITE-FIFO] commands to train the DQ bus without
disturbing the memory array contents. See the DQ Bus Training section for more information on the
DQ bus training sequence.

10. At Tk, the device isready for normal operation and is ready to accept any valid command. Any mode
registers that have not previously been configured for normal operation should be written at this time.

Table 16: Initialization Timing Parameters

Parameter Min Max Unit Comment

NITO - 20 ms Maximum voltage ramp time

UNIT1 200 - ps Minimum RESET_n LOW time after completion of voltage
ramp

UNIT2 10 - ns Minimum CKE LOW time before RESET_n goes HIGH

UYNIT3 2 - ms Minimum CKE LOW time after RESET_n goes HIGH

YNIT4 5 - tck Minimum stable clock before first CKE HIGH

UNITS 2 - ys Minimum idle time before first MRW/MRR command

tckb Note' 2 Note' 2 ns Clock cycle time during boot

Notes: 1. Minimum 'CKb guaranteed by DRAM test is 18ns.

2. The system may boot at a higher frequency than dictated by minimum 'CKb. The higher boot frequency is system
dependent.

Reset Initialization with Stable Power

The following sequence is required for RESET at no power interruption initialization.
1. Assert RESET_n below 0.2 x Vpp, anytime when reset is needed. RESET_n needs to be maintained

for minimum ‘PW_RESET. CKE must be pulled LOW at least 10ns before de-asserting RESET _n.
2. Repeat steps 4-10 in Voltage Ramp section.

Table 17: Reset Timing Parameter

Parameter

Value

Max

Unit Comment

tPW_RESET

100

ns Minimum RESET_n LOW time for reset initialization
with stable power

Power-Off Sequence

Controlled Power-Off

While powering off, CKE must be held LOW (0.2 x Vpp,); all other inputs must be between Vyy i, and
VIH,max- The device outputs remain at High-Z while CKE is held LOW.
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DQ, DMI, DQS_t, and DQS_c voltage levels must be between Vggq and Vppq during the power-off
sequence to avoid latch-up. CK_t, CK_c, CS, and CA input levels must be between Vggand Vpp, during
the power-off sequence to avoid latch-up.

Tx is the point where any power supply drops below the minimum value specified in the minimum DC
Operating Condition.

Tz is the point where all power supplies are below 300mV. After Tz, the device is powered off.
Table 18: Power Supply Conditions

The voltage difference between Vg and Vggq must not exceed 100mV

Between... Applicable Conditions

Tx and Tz Vpp1 must be greater than Vpp,

Vpp2 must be greater than Vppg - 200mV

Uncontrolled Power-Off

When an uncontrolled power-off occurs, the following conditions must be met:

* At Tx, when the power supply drops below the minimum values specified in the Recommended DC
Operating Conditions table, all power supplies must be turned off and all power supply current
capacity must be at zero, except for any static charge remaining in the system.

 After Tz (the point at which all power supplies first reach 300mV), the device must power off. During
this period, the relative voltage between power supplies is uncontrolled. Vpp; and Vpp, must

decrease with a slope lower than 0.5 V/ps between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.

Table 19: Power-Off Timing

Parameter Symbol Min Max Unit
Power-off ramp time tPOFF - 2 sec
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Mode Registers

Mode Register Assignments and Definitions

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.

Table 20: Mode Register Assignments

MR# | MA[5:0] | Function Access| OP7 | OP6 | OP5 | OP4 | OP3 oP2 oP1 oPO

0 00h Device info R RFU RzQl RFM | Latency REF
support | mode
1 01h 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/0 config-1 W DBI-WR | DBI-RD PDDS PPRP ‘ WR-PST ‘ PU-CAL
4 04h Refresh and R /W TUF Thermal offset | PPRE SR Refresh rate
training abort
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 1/0 width Density ‘ Type
9 09h Test mode W Vendor-specific test mode
10 0Ah I/0 calibration W RFU ‘ ZQRST
11 0Bh |ODT w RFU CAODT ‘ RFU ‘ DQ ODT
12 0Ch VREF(cA) R/W RFU VRca VREF(CA)
13 0Dh |Register control W | FSP-OP | FSP-WR | DMD ‘ RRO ‘ VRCG ‘ VRO ‘ RPT ‘ CBT
14 OEh | VRrerpq) RAW RFU | VRpq VREF(DQ)
15 OFh DQI-LB w 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 | ODTE | ODTE SoC ODT
-CA -CS -CK
23 17h DQS oscillator w DQS oscillator run-time setting
stop
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Table 20: Mode Register Assignments (Continued)

MR# | MA[5:0] | Function Access | OP7 OoP6 | OP5 | OP4 | OP3 OoP2 | OP1 | OPO
24 18h TRR control R/W TRR TRR mode BAn Unltd MAC value
when MRO OP2 mode MAC
=0b
RFM control R RAAMMT RAAIMT RFM
when MRO OP2
=1b
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
33-35| 21h-23h Do not use - Do not use
36 24h RAADEC R RFU RAADEC
37-38| 25h-26h | Do not use - Do not use
39 27h Reserved for test w SDRAM will ignore
40 28h DQ calibration w 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 21: MRO Device Feature 0 (MA[5:0] = 00h)

OoP7 OP6 \ OoP5 OoP4 \ oP3 oP2 oP1 OPO

RFU RzQl RFM support |Latency mode REF

Table 22: MRO Op-Code Bit Definitions

Register Information Type oP Definition Notes

Refresh mode Read-only OP[0] Ob: Both legacy and modified refresh mode supported

1b: Only modified refresh mode supported

Latency mode Read-only OP[1] Ob: Device supports normal latency 5, 6

1b: Device supports byte mode latency

RFM support Read-only OP[2] Ob: TRR is supported

1b: RFM is supported
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Table 22: MRO Op-Code Bit Definitions (Continued)

Register Information Type oP Definition Notes
Built-in self-test for RZQ Read-only | OP[4:3] |00b: RZQ self-test not supported 1-4
information

01b: ZQ may connect to Vgsq or float
10b: ZQ may short to Vppq

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

short to Vppg)

Notes: 1. RZQI MR value, if supported, will be valid after the following sequence:
e Completion of MPC[ZQCAL START] command to either channel

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

RZQIl value will be lost after reset.

2. If ZQ is connected to Vgsq to set default calibration, OP[4:3] must be set to 01b. If ZQ is not connected to Vssq,
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.

3. 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.

4. 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%).

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

6. Byte mode latency for 2Ch. x16 device is only allowed when it is stacked in a same package with byte mode device.

Table 23: MR1 Device Feature 1 (MA[5:0] = 01h)

OP7 OP6 \ OP5 \ OoP4 OoP3 oP2 OoP1 OPO
RD-PST nWR (for AP) RD-PRE WR-PRE BL

Table 24: MR1 Op-Code Bit Definitions

Feature Type oP Definition Notes
BL Write-only | OP[1:0] |00b: BL = 16 sequential (default) 1
Burst length 01b: BL = 32 sequential

10b: BL = 16 or 32 sequential (on-the-fly)
11b: Reserved

WR-PRE Write-only OP[2] Ob: Reserved 5 6
Write preamble length

1b: WR preamble = 2 x 'CK

RD-PRE Write-only OP[3] Ob: RD preamble = Static (default) 3,5 6
Read preamble type

1b: RD preamble = Toggle
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Table 24: MR1 Op-Code Bit Definitions (Continued)

Feature Type oP Definition Notes
nWR Write-only | OP[6:4] |000b: nWR = 6 (default) 2,56
Write-recovery for AUTO ) _
PRECHARGE command 001b: n\WR =10

010b: NWR = 16

011b: NWR =20

100b: NWR = 24

101b: NWR =30

110b: NWR = 34

111b: NWR =40
RD-PST Write-only | OP[7] | 0b: RD postamble = 0.5 x tCK (default) 4,56
Read postamble length

1b: RD postamble = 1.5 x 'CK

Notes: 1.

2.

Burst length on-the-fly can be set to either BL = 16 or BL = 32 by setting the BL bit in the command operands. See
the Command Truth Table.

The programmed value of nWR is the number of clock cycles the device uses to determine the starting point of an
internal precharge after a write burst with auto precharge (AP) enabled. See Frequency Ranges for RL, WL, and
nWR Settings table.

For READ operations, this bit must be set to select between a toggling preamble and a non-toggling preamble (see
the Preamble section).

OP[7] provides an optional read postamble with an additional rising and falling edge of DQS_t. The optional
postamble cycle is provided for the benefit of certain memory controllers.

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 (MR 13 OP[6]) will be written to with
an MRW command to this MR 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, that is, 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 27: MR2 Device Feature 2 (MA[5:0] = 02h)

oP7

OP6

OP5 \

oP4 \ OoP3 oP2

OP1

OoPO

WR Lev

WLS

WL

RL

Table 28: MR2 Op-Code Bit Definitions

Feature

Type

oP

Definition

Notes

RL
READ latency

Write-
only

OP[2:0]

RL and nRTP for DBI-RD disabled (MR3 OP[6] = 0b)

000b: RL = 6, nRTP = 8 (default)
001b: RL =10, nRTP = 8

010b: RL = 14, nRTP =8

011b: RL =20, nRTP =8

100b: RL = 24, nRTP = 10

101b: RL = 28, nRTP = 12

110b: RL =32, nRTP =14

111b: RL =36, nRTP = 16

RL and nRTP for DBI-RD enabled (MR3 OP[6] = 1b)

000b: RL =6, nRTP =8
001b: RL = 12,nRTP =8
010b: RL =16, nRTP =8
011b: RL =22, nRTP =8
100b: RL = 28, nRTP = 10
101b: RL =32, nRTP = 12
110b: RL =36, nRTP = 14
111b: RL = 40, nRTP = 16

1,3, 4
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Table 28: MR2 Op-Code Bit Definitions (Continued)

Feature Type oP Definition Notes
WL Write- OP[5:3] WL set A (MR2 OP[6] = Ob) 1,3, 4
WRITE latency only 000b: WL = 4 (default)

001b: WL =6

010b: WL =8

011b: WL =10

100b: WL =12

101b: WL =14

110b: WL =16

111b: WL =18

WL set B (MR2 OP[6] = 1b)

000b: WL =4

001b: WL =8

010b: WL =12

011b: WL =18

100b: WL = 22

101b: WL = 26

110b: WL = 30

111b: WL =34
WLS Write- OP[6] Ob: Use WL set A (default) 1,3, 4
:I;/tRITE latency only 1b: Use WL set B
WR Lev Write- OP[7] Ob: Disable write leveling (default) 2
Write leveling only 1b: Enable write leveling
Notes: 1. See Latency Code Frequency Table for allowable frequency ranges for RL/WL/nWR.

2.

After an MRW command to set the write leveling enable bit (OP[7] = 1b), the device remains in the MRW state
until another MRW command clears the bit (OP[7] = 0Ob). No other commands are allowed until the write leveling
enable bit is cleared.

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 (MR 13 OP[6]) will be written to with
an MRW command 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, that is, 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.

nRTP is valid for BL16 only. For BL32, the SDRAM will add 8 clocks to the nRTP value before starting a precharge.
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Table 29: Frequency Ranges for RL, WL, nWR, and nRTP Settings

READ Latency WRITE Latency Lower Upper
Frequency | Frequency
No DBI w/DBI Set A Set B nWR nRTP Limit (>) Limit(<) Units | Notes
6 6 4 4 6 8 10 266 MHz 1-6
10 12 6 8 10 8 266 533
14 16 8 12 16 8 533 800
20 22 10 18 20 8 800 1066
24 28 12 22 24 10 1066 1333
28 32 14 26 30 12 1333 1600
32 36 16 30 34 14 1600 1866
36 40 18 34 40 16 1866 2133

Notes: 1. The device should not be operated at a frequency above the upper frequency limit or below the lower frequency
limit shown for each RL, WL, or nWR value.

2. DBI for READ operations is enabled in MR3 OP[6]. When MR3 OP[6] = 0, then the "No DBI" column should be used
for READ latency. When MR3 OP[6] = 1, then the "w/DBI" column should be used for READ latency.

3. WRITE latency set A and set B are determined by MR2 OP[6]. When MR2 OP[6] = 0, then WRITE latency set A should
be used. When MR2 OP[6] = 1, then WRITE latency set B should be used.

4. The programmed value for nRTP is the number of clock cycles the device uses to determine the starting point of
an internal PRECHARGE operation after a READ burst with AP (auto precharge) enabled . It is determined by
RU(*RTP/'CK).

5. The programmed value of nWR is the number of clock cycles the device uses to determine the starting point of an
internal PRECHARGE operation after a WRITE burst with AP (auto precharge) enabled. It is determined by
RU(*WR/CK).

6. nRTP shown in this table is valid for BL16 only. For BL32, the device will add 8 clocks to the nRTP value before
starting a precharge.

Table 30: MR3 I/0 Configuration 1 (MA[5:0] = 03h)

OP7 OP6 OP5 \ OoP4 \ OoP3 oP2 oP1 OPO
DBI-WR DBI-RD PDDS PPRP WR-PST PU-CAL
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Table 31: MR3 Op-Code Bit Definitions

Feature

Type oP Definition Notes

PU-CAL

(Pull-up calibration point)

Write-only OP[0] 0Ob: Vppg x 0.6 1-4

1b: Vppq x 0.5 (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 OP[2] Ob: PPR protection disabled (default) 6
iz(c)fﬁ;f‘?Ckage repair pro- 1b: PPR protection enabled
PDDS OP[5:3] |000b: RFU 1,2, 3
(Pull-down drive strength) 001b: Ryq/1

010b: Ryg/2

011b: Rzg/3

100b: Ryq/4

101b: Rzg/5

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

DBI-RD OP[6] Ob: Disabled (default) 2,3

(DBI-read enable) 1b: Enabled

DBI-WR OP[7] Ob: Disabled (default) 2,3

(DBI-write enable) 1b: Enabled

Notes: 1. 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.

2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.
Only the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with
an MRW command to this MR address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point
1.The device will operate only according to the values stored in the registers for the active set point, 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.

4. 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); the choice is vendor-specific, so both channels must be set the
same.

5. 1.5 x 'CK apply > 1.6 GHz clock.

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].
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Table 32: MR4 Device Temperature (MA[5:0] = 04h)

OoP7 OP6 ‘ OP5 OP4 OP3 OoP2 OP1 OoPO
TUF Thermal offset PPRE SR abort Refresh rate
Table 33: MR4 Op-Code Bit Definitions
Feature Type oP Definition Notes
Refresh rate Read-only | OP[2:0] |000b: SDRAM low temperature operating limit 1-4,
exceeded 7-9
001b: 4x refresh
010b: 2x refresh
011b: 1x refresh (default)
100b: 0.5x refresh
101b: 0.25x refresh, no derating
110b: 0.25x refresh, with derating
111b: SDRAM high temperature operating limit
exceeded
SR abort Write OP[3] Ob: Disable (default) 9
(Self refresh abort) 1b: Device dependent
PPRE Write OP[4] Ob: Exit PPR mode (default) 5 9
(Post-pas:kage repair 1b: Enter PPR mode (Reference MR25 OP[7:0] for
entry/exit) available PPR resources)
Thermal offset-controller Write OP[6:5] |00b: No offset, 0-5°C gradient (default) 9
offset to TCSR 01b: 5°C offset, 5-10°C gradient
10b: 10°C offset, 10-15°C gradient
11b: Reserved
TUF Read-only OP7 Ob: OP[2:0] No change in OP[2:0] since last MR4 read 6-8
(Temperature update flag) (default)
1b: Change in OP[2:0] since last MR4 read
Notes: 1. The refresh rate for each MR4 OP[2:0] setting applies to tREFI, 'REFIpb, and 'REFW. MR4 OP[2:0] =011b corresponds

to a device temperature of 85°C. Other values require either a longer (2x, 4x) refresh interval at lower tempera-
tures or a shorter (0.5x, 0.25x) refresh interval at higher temperatures. If MR4 OP[2] = 1b, the device temperature
is greater than 85°C.

2. Athigher temperatures (>85°C), AC timing derating may be required. If derating is required the device will set MR4
OP[2:0] = 110b. See derating timing requirements in the AC Timing section.

3. DRAM vendors may or may not report all of the possible settings over the operating temperature range of the
device. Each vendor guarantees that their device will work at any temperature within the range using the refresh
interval requested by their device.

4. The device may not operate properly when MR4 OP[2:0] = 000b or 111b.

5. Post-package repair can be entered or exited by writing to MR4 OP[4].

6. When MR4 OP[7] = 1b, the refresh rate reported in MR4 OP[2:0] has changed since the last MR4 read. A mode
register read from MR4 will reset MR4 OP[7] to Ob.

7. MR4 OP[7] = Ob at power-up. MR4 OP[2:0] bits are valid after initialization sequence (Te).

8. See the Temperature Sensor section for information on the recommended frequency of reading MR4.
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9. MR4 OPJ[6:3] can be written in this register. All other bits will be ignored by the device during an MRW command

to this register.

Table 34: MR5 Basic Configuration 1 (MA[5:0] = 05h)

OoP7 OP6 \ OoP5 \ oP4 \ oP3 oP2 oP1 OPO
Manufacturer ID
Table 35: MR5 Op-Code Bit Definitions
Feature Type oP Definition
Manufacturer ID Read-only | OP[7:0] |1111 1111b: Micron
All others: Reserved
Table 36: MR6 Basic Configuration 2 (MA[5:0] = 06h)
oP7 OP6 \ OP5 \ OoP4 \ oP3 oP2 oP1 OPO
Revision ID1
Note: 1. MR®6 is vendor-specific.
Table 37: MR6 Op-Code Bit Definitions
Feature Type OP Definition
Revision ID1 Read-only | OP[7:0] |xxxx xxxxb: Revision ID1
Note: 1. MRG6 is vendor-specific.
Table 38: MR7 Basic Configuration 3 (MA[5:0] = 07h)
OoP7 OP6 \ OoP5 \ oP4 \ oP3 oP2 oP1 OPO
Revision ID2
Table 39: MR7 Op-Code Bit Definitions
Feature Type oP Definition
Revision ID2 Read-only | OP[7:0] |xxxx xxxxb: Revision ID2
Note: 1. MR7 is vendor-specific.
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Table 40: MR8 Basic Configuration 4 (MA[5:0] = 08h)

OP7 OP6 OP5 \ oP4 \ oP3 oP2 oP1 OPO
I/0 width Density Type
Table 41: MR8 Op-Code Bit Definitions
Feature Type oP Definition
Type Read-only | OP[1:0] |00b: S16 SDRAM (16n prefetch)
All others: Reserved
Density Read-only | OP[5:2] |0000b: 4Gb dual-channel die/2Gb single-channel die
0001b: 6Gb dual-channel die/3Gb single-channel die
0010b: 8Gb dual-channel die/4Gb single-channel die
0011b: 12Gb dual-channel die/6Gb single-channel die
0100b: 16Gb dual-channel die/8Gb single-channel die
0101b: 24Gb dual-channel die/12Gb single-channel die
0110b: 32Gb dual-channel die/16Gb single-channel die
1100b: 2Gb dual-channel die/1Gb single-channel die
All others: Reserved
I/0 width Read-only | OP[7:6] |00b: x16/channel
01b: x8/channel
All others: Reserved
Table 42: MR9 Test Mode (MA[5:0] = 09h)
OP7 OP6 \ OP5 \ oP4 orP3 oP2 oP1 oPO
Vendor-specific test mode
Table 43: MR9 Op-Code Definitions
Feature Type oP Definition
Test mode Write-only | OP[7:0] |0000000b; Vendor-specific test mode disabled (default)
Table 44: MR10 Calibration (MA[5:0] = 0Ah)
OP7 OP6 \ OP5 \ oP4 \ oP3 oP2 \ oP1 oPO
RFU ZQ RESET
Table 45: MR10 Op-Code Bit Definitions
Feature Type OP Definition
ZQ reset Write-only OPI[0] Ob: Normal operation (default)
1b: ZQ reset
Notes: 1. See AC Timing table for calibration latency and timing.
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2. IfZQ s connected to Vppq through Rzq, either the ZQ CALIBRATION function or default calibration (via ZQ reset)
is supported. If ZQ is connected to Vs, the device operates with default calibration and ZQ CALIBRATION
commands are ignored. In both cases, the ZQ connection must not change after power is supplied to the device.

Table 46: MR11 ODT Control (MA[5:0] = 0Bh)

OP7 OP6 \ OP5 \ OoP4 OoP3 oP2 \ oP1 \ OPO
RFU CA ODT RFU DQ ODT

Table 47: MR11 Op-Code Bit Definitions

Feature Type oP Definition Notes
DQ ODT Write-only | OP[2:0] |000b: Disable (default) 1,2, 3
DQ bqs receiver on-die ter- 001b: RZQ/1
mination

010b: RZQ/2
011b: RZQ/3
100b: RZQ/4
101b: RZQ/5
110b: RZQ/6
111b: RFU
CA ODT Write-only | OP[6:4] |000b: Disable (default) 1,2, 3
CA bu_s receiver on-die ter- 001b: RZQ/1
mination

010b: RzQ/2
011b: RZQ/3
100b: RZQ/4
101b: RZQ/5
110b: RZQ/6
111b: RFU

Notes: 1. All values are typical. The actual value after calibration will be within the specified tolerance for a given voltage

and temperature. Re-calibration may be required as voltage and temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.
Only the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with
an MRW command to this MR address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.
The device will operate only according to the values stored in the registers for the active set point, 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 48: MR12 Register Information (MA[5:0] = 0Ch)

OP7 OP6 ors | op4a | oOP3 oP2 OP1 OPO
RFU VRca VReF(cA)
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Table 49: MR12 Op-Code Bit Definitions

Feature Type OoP 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: VRer(ca) rangel0] enabled 1,2,4,56
VRer(ca) "ange 1b: VRer(ca) range[1] enabled (default)

Notes: 1. This register controls the Vger(cp) 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. Awriteto MR12 OP[5:0] sets the internal Vggg(ca) level for FSP[0] when MR13 OP[6] = Ob or sets the internal Vggp(ca)
level for FSP[1] when MR13 OP[6] = 1b. The time required for Vggp(ca) to reach the set level depends on the step
size from the current level to the new level. See the Vggp(ca) training section.

4. Awrite to MR12 OP[6] switches the device between two internal Vgep(ca) ranges. The range (range[0] or range[1])
must be selected when setting the Vggr(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 50: MR13 Register Control (MA[5:0] = ODh)

OP[7] OPI[6] OPI[5] OP[4] OP[3] OP[2] OP[1] OP[0]
FSP-OP FSP-WR DMD RRO VRCG VRO RPT CBT
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Table 51: MR13 Op-Code Bit Definition

Feature Type oP Definition Notes
CBT Write-only OP[0] Ob: Normal operation (default) 1
Command bus training 1b: Command bus training mode enabled

RPT OP[1] Ob: Disabled (default)

Read preamble training 1b: Read preamble training mode enabled

VRO OP[2] Ob: Normal operation (default) 2
Vrer output 1b: Output the Vger(cay and Veeg(pg) values on DQ bits

VRCG OP[3] Ob: Normal operation (default) 3
VRe current generator 1b: Fast response (high current) mode

RRO OP[4] Ob: Disable codes 001 and 010 in MR4 OP[2:0] 4,5
Refresh rate option 1b: Enable all codes in MR4 OP[2:0]

DMD OP[5] Ob: DATA MASK operation enabled (default) 6
Data mask disable 1b: DATA MASK operation disabled

FSP-WR OP[6] Ob: Frequency set point[0] (default) 7
C\:ﬁ?:;::acg set point 1b: Frequency set point[1]

FSP-OP OP[7] Ob: Frequency set point[0] (default) 8

FREQUENCY SET POINT

operation mode 1b: Frequency set point[1]

Notes: 1. A write to set OP[0] = 1 causes the LPDDR4 SDRAM to enter the command bus training mode. When OP[0] = 1 and
CKE goes LOW, commands are ignored and the contents of CA[5:0] are mapped to the DQ bus. CKE must be
brought HIGH before doing a MRW to clear this bit (OP[0] = 0) and return to normal operation. See the Command
Bus Training section for more information.

2. When set, the device will output the Vgerca) and Veegpg) voltage on DQ pins. Only the "active" frequency set
point, as defined by MR13 OP[7], will be output on the DQ pins. This function allows an external test system to
measure the internal Vggp levels. The DQ pins used for Vgge output are vendor-specific.

3. When OP[3] = 1, the Vg circuit uses a high current mode to improve Vg settling time.

4. MR13 OP[4] RRO bit is valid only when MRO OP[0] = 1. For LPDDR4 SDRAM with MRO OP[0] = 0, MR4 OP[2:0] bits
are not dependent on MR13 OP[4].

5. When OP[4] =0, only 001b and 010b in MR4 OP[2:0] are disabled. LPDDR4 SDRAM must report 011b instead of
001b or 010b in this case. Controller should follow the refresh mode reported by MR4 OP[2:0], regardless of RRO
setting. TCSR function does not depend on RRO setting.

6. When enabled (OP[5] = Ob) data masking is enabled for the device. When disabled (OP[5] = 1b), the device will
ignore any mask patterns issued during a MASKED WRITE command. See the Data Mask section for more informa-
tion.

7. FSP-WR determines which frequency set point registers are accessed with MRW and MRR commands for the
following functions such as Vggp(ca) setting, Vrerca) range, Vrerpq) setting, Vrerpq) range. For more information,
refer to Frequency Set Point section.

8. FSP-OP determines which frequency set point register values are currently used to specify device operation for the
following functions such as Vggp(ca) setting, Vrerca) range, Vrerpq) setting, Vrerpq) range. For more information,
refer to Frequency Set Point section.

Table 52: Mode Register 14 (MA[5:0] = OEh)

OP[7] oP[6] OP[5] | oPM4] | oOPBB]1 | oOPl21 | OP[1l [ OPI0]
RFU VRpq VREF(DQ)
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Table 53: MR14 Op-Code Bit Definition

Feature Type oP Definition Notes
VREE(DQ) Read/Write | OP[5:0] |000000b—110010b: See Vg Settings table 1-3,5,6
VrerQ) setting All others: Reserved

VRpq OP[6] 0b: Vrer(pq) rangel0] enabled 1,2, 4-6
VRer(DQ) range 1b: VRrer(pq) rangel1] enabled (default)

Notes: 1. This register controls the Vger(pq) levels for frequency set point[1:0]. Values from either VRpg[0] (vendor defined)

or VRpql 1] (vendor defined) may be selected by setting OP[6] appropriately.

A read (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ shall be set
to 0. See the MRR Operation section.

A write to OP[5:0] sets the internal Vggp(pq) level for FSP[0] when MR13 OP[6] = Ob, or sets FSP[1] when MR13 OP[6]
= 1b. The time required for Vggr(pq) to reach the set level depends on the step size from the current level to the

new level. See the Vggr(pq) training section.

A write to OP[6] switches the device between two internal Vgrer(pg) ranges. The range (range[0] or range[1]) must
be selected when setting the Vger(pq) register. The value, once set, will be retained until overwritten, or until the
next power-on or reset event.

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 ignored by the device, and may be changed without affecting device operation.
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Function oP Range[0] Values Range[1] Values
VRer(ca) (% of Vppq) Vrer(ca) (% of Vppq)
VRer(pq) (% of Vppg) VRer(pq) (% of Vppq)

VRer setting | OP[5:0] |000000b: 15.0% 011010b: 30.5% 000000b: 32.9% 011010b: 48.5%

‘;%MMRF& 000001b: 15.6% 011011b: 31.1% 000001b: 33.5% 011011b: 49.1%
000010b: 16.2% 011100b: 31.7% 000010b: 34.1% 011100b: 49.7%
000011b: 16.8% 011101b: 32.3% 000011b: 34.7% 011101b: 50.3% (default)
000100b: 17.4% 011110b: 32.9% 000100b: 35.3% 011110b: 50.9%
000101b: 18.0% 011111b: 33.5% 000101b: 35.9% 011111b: 51.5%
000110b: 18.6% 100000b: 34.1% 000110b: 36.5% 100000b: 52.1%
000111b: 19.2% 100001b: 34.7% 000111b: 37.1% 100001b: 52.7%
001000b: 19.8% 100010b: 35.3% 001000b: 37.7% 100010b: 53.3%
001001b: 20.4% 100011b: 35.9% 001001b: 38.3% 100011b: 53.9%
001010b: 21.0% 100100b: 36.5% 001010b: 38.9% 100100b: 54.5%
001011b: 21.6% 100101b: 37.1% 001011b: 39.5% 100101b: 55.1%
001100b: 22.2% 100110b: 37.7% 001100b: 40.1% 100110b: 55.7%
001101b: 22.8% 100111b: 38.3% 001101b: 40.7% 100111b: 56.3%
001110b: 23.4% 101000b: 38.9% 001110b: 41.3% 101000b: 56.9%
001111b: 24.0% 101001b: 39.5% 001111b: 41.9% 101001b: 57.5%
010000b: 24.6% 101010b: 40.1% 010000b: 42.5% 101010b: 58.1%
010001b: 25.1% 101011b: 40.7% 010001b: 43.1% 101011b: 58.7%
010010b: 25.7% 101100b: 41.3% 010010b: 43.7% 101100b: 59.3%
010011b: 26.3% 101101b: 41.9% 010011b: 44.3% 101101b: 59.9%
010100b: 26.9% 101110b: 42.5% 010100b: 44.9% 101110b: 60.5%
010101b: 27.5% 101111b: 43.1% 010101b: 45.5% 101111b: 61.1%
010110b: 28.1% 110000b: 43.7% 010110b: 46.1% 110000b: 61.7%
010111b: 28.7% 110001b: 44.3% 010111b: 46.7% 110001b: 62.3%
011000b: 29.3% 110010b: 44.9% 011000b: 47.3% 110010b: 62.9%
011001b: 29.9% All others: Reserved |011001b: 47.9% All others: Reserved

Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the Vggg(ca) OF VRrer(pg) levels in the device.
2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] appropriately.
3. Each of the MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set points each for CA and
DQ are provided to allow for faster switching between terminated and unterminated operation or between
different high-frequency settings, which may use different terminations values.
4. Notes 1-3 apply to entire table.

Table 55: MR15 Register Information (MA[5:0] = OFh)

OoP[7] \

OP[6]

\ OP[5] \

OP[4]

\ OP[3]

\ OoP[2] \ OP[1] \ oP[o]

Lower-byte invert register for DQ calibration
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Table 56: MR15 Op-code Bit Definition

Feature Type oP Definition

Notes

Lower-byte invert for DQ
calibration

Write-only | OP[7:0]

Ob: Do not invert

MR40
Default value for OP[7:0] = 55h

The following values may be written for any operand
OP[7:0] and will be applied to the corresponding DQ
locations DQI[7:0] within a byte lane

1b: Invert the DQ calibration patterns in MR32 and

1-3

Notes: 1.

This register will invert the DQ calibration pattern found in MR32 and MR40 for any single DQ or any combination

of DQ. Example: If MR15 OP[7:0] = 00010101b, then the DQ calibration patterns transmitted on DQJ7, 6, 5, 3, 1]
will not be inverted, but the DQ calibration patterns transmitted on DQ[4, 2, 0] will be inverted.
2. DMIO] is not inverted and always transmits the "true" data contained in MR32 and MR40.
3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBl is enabled in MR3-OP[6].

Table 57: MR15 Invert Register Pin Mapping

PIN DQO DQ1 DQ2 DQ3 DMIO DQ4 DQ5 DQ6 DQ7
MR15 OPO OP1 OP2 OoP3 Noinvert | OP4 OP5 OP6 OP7
Table 58: MR16 PASR Bank Mask (MA[5:0] = 010h)

OP7 OP6 \ OP5 \ OoP4 \ OoP3 oP2 OoP1 OPO

PASR bank mask

Table 59: MR16 Op-Code Bit Definitions

Feature Type oP Definition
Bank[7:0] mask Write-only | OP[7:0] |Ob: Bank refresh enabled (default)
1b: Bank refresh disabled
OP[n] Bank Mask 8-Bank SDRAM

0 XXXXXXX 1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXX XX Bank 2
3 XXXX XXX Bank 3
4 XXX TXXXX Bank 4
5 XXTXXXXX Bank 5
6 X TXXXXXX Bank 6
7 TXXXXXXX Bank 7

Notes: 1. When a mask bit is asserted (OP[n] = 1), refresh to that bank is disabled.

2. PASR bank masking is on a per-channel basis; the two channels on the die may have different bank masking in

dual-channel devices.
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Table 60: MR17 PASR Segment Mask (MA[5:0] = 11h)

oP7?7

OP6 \ OP5 \ oP4 \ OoP3 oP2 oP1 OPO

PASR segment mask

Table 61: MR17 PASR Segment Mask Definitions

Feature

Type oP Definition

Segment[7:0] mask Write-only | OP[7:0] |Ob: Segment refresh enabled (default)

1b: Segment refresh disabled

Table 62: MR17 PASR Segment Mask

Density (per channel)
Segm Segment 1Gb 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
ent OoP Mask R[12:10] | R[13:11] | R[14:12] | R[14:12] | R[15:13] | R[15:13] | R[16:14] | R[16:14]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXX1IXX 010b
3 3 XXXXIXXX 011b
4 4 XXXTXXXX 100b
5 5 XXTIXXXXX 101b
6 6 XIXXXXXX 110b 110b Not 110b Not 110b Not 110b
7 7 IXXXXXXX | 111b 111p | 2flowed Ty allowed g™ allowed Mgy
Notes: 1. This table indicates the range of row addresses in each masked segment. "X" is “Don’t Care” for a particular
2. SPe,fjsrlr{]e;re:z:).ment-masking is on a per-channel basis. The two channels on the die may have different segment
masking in dual-channel devices.
3. For 3Gb, 6Gb, and 12Gb density per channel, OP[7:6] must always be LOW (= 00b).

Table 63: MR18 Register Information (MA[5:0] = 12h)

OoP7

\ OP6 \ OP5 \ oP4 \ oP3 \ oP2 \ oP1 OPO

DQS oscillator count - LSB

Table 64: MR18 LSB DQS Oscillator Count

Function Type oP Definition

DQS oscillator count Read-only | OP[7:0] |Oh-FFh LSB DRAM DQS oscillator count
(WR training DQS oscillator)

Notes: 1.

w

MR18 reports the LSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator count value is used to train
DQS to the DQ data valid window. The value reported by the DRAM in this mode register can be used by the
memory controller to periodically adjust the phase of DQS relative to DQ.

Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS oscillator count.

The value in this register is reset each time an MPC command is issued to start in the DQS oscillator counter.
Notes 1-3 apply to entire table.
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Table 65: MR19 Register Information (MA[5:0] = 13h)

OP7 \ OP6 \ OP5 \ oP4 \ OoP3 oP2 oP1 OPO
DQS oscillator count — MSB

Table 66: MR19 DQS Oscillator Count

Function Type oP Definition

DQS oscillator count — MSB | Read-only | OP[7:0] |0h—FFh MSB DRAM DQS oscillator count
(WR training DQS oscillator)

Notes: 1. MR19 reports the MSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator count value is used to train
DQS to the DQ data valid window. The value reported by the DRAM in this mode register can be used by the
memory controller to periodically adjust the phase of DQS relative to DQ.

2. Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS oscillator count.
3. A new MPC[START DQS OSCILLATOR] should be issued to reset the contents of MR18/MR19.
4. Notes 1-3 apply to the entire table.

Table 67: MR20 Register Information (MA[5:0] = 14h)

OP7 \ OP6 \ OP5 \ OoP4 \ OoP3 \ oP2 oP1 OPO
Upper-byte invert register for DQ calibration

Table 68: MR20 Register Information

Function Type oP Definition

Upper-byte invert for DQ Write-only | OP[7:0] |The following values may be written for any operand OP[7:0] and

calibration will be applied to the corresponding DQ locations DQ[15:8] within a
byte lane

Ob: Do not invert
1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: 1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any single DQ or any combination
of DQ. For example, if MR20 OP[7:0] = 00010101b, the DQ calibration patterns transmitted on DQ[15, 14, 13, 11,
9] will not be inverted, but the DQ calibration patterns transmitted on DQ[12, 10, 8] will be inverted.
2. DM[1] is not inverted and always transmits the true data contained in MR32 and MR40.
3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].
4. Notes 1-3 apply to entire table.

Table 69: MR20 Invert Register Pin Mapping

Pin DQ8 DQ9 DQ10 DQ11 DMI1 DQ12 DQ13 DQ14 DQ15
MR20 OPO OP1 OP2 OP3 No invert OP4 OP5 OP6 OP7

Table 70: MR21 Register Information (MA[5:0] = 15h)

OP7 OP6 OP5 \ oP4 \ OoP3 oP2 oP1 OPO
RFU
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Table 71: MR22 Register Information (MA[5:0] = 16h)

oP7 ‘ OP6 OP5 OoP4 OP3 oP2 OP1 OoPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOCODT

Table 72: MR22 Register Information

Function Type OoP Data Notes
SOC ODT (controller ODT | Write-only| OP[2:0] |000b: Disable (default) 1,2,3
value for Voy calibration) 001b: R/t (lllegal if MR3 OP[0] = Ob)

010b: Rzq/2

011b: Rzq/3 (lllegal if MR3 OP[0] = Ob)

100b: Rzq/4

101b: Rzq/5 (lllegal if MR3 OP[0] = Ob)
110b: Rzo/6 (lllegal if MR3 OP[0] = Ob)
111b: RFU

ODTE-CK (CK ODT enabled |Write-only OP[3] ODT bond PAD is ignored 2,3
for non-terminating rank) Ob: ODT-CK enable (default)
1b: ODT-CK disable
ODTE-CS (CS ODT enabled | Write-only OP[4] ODT bond PAD is ignored 2,3
for non-terminating rank) Ob: ODT-CS enable (default)
1b: ODT-CS disable
ODTD-CA (CA ODT termina- | Write-only OP[5] ODT bond PAD is ignored 2,3

tion disable) Ob: CA ODT enable (default)
1b: CA ODT disable

ODTD for x8_2ch (Byte) Write-only | OP[7:6] |See Byte Mode section

mode

Notes: 1. All values are typical.

2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.
Only the registers for the set point determined by the state of the FSP-WR bit (MR 13 OP[6]) will be written to with
an MRW command to this MR address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.
The device will operate only according to the values stored in the registers for the active set point, 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 73: MR23 Register Information (MA[5:0] = 17h)
OP7 OP6 OP5 \ OoP4 \ oP3 \ oP2 oP1 OPO

DQS interval timer run-time setting
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Table 74: MR23 Register Information

Function Type oP Data
DQS interval timer run-time | Write-only | OP[7:0] |00000000b: Disabled (default)

00000001b: DQS timer stops automatically at the 16t clock after
timer start

00000010b: DQS timer stops automatically at the 32" clock after
timer start

00000011b: DQS timer stops automatically at the 48" clock after
timer start

00000100b: DQS timer stops automatically at the 64th clock after
timer start

00111111b: DQS timer stops automatically at the (63 x 16)t" clock
after timer start

01XXXXXXb: DQS timer stops automatically at the 2048 clock
after timer start

10XXXXXXb: DQS timer stops automatically at the 4096t clock
after timer start

11XXXXXXb: DQS timer stops automatically at the 8192"9 clock
after timer start

Notes: 1. MPC command with OP[6:0] = 1001101b (STOP DQS INTERVAL OSCILLATOR) stops the DQS interval timer in the
case of MR23 OP[7:0] = 00000000b.
2. MPC command with OP[6:0] = 1001101b (STOP DQS INTERVAL OSCILLATOR) is illegal with valid nonzero values in
MR23 OP[7:0].
3. Notes 1-2 apply to entire table.

Table 75: MR24 Register Information (MA[5:0] = 18h) when MRO OP[2] = Ob

OoP7 OP6 \ OP5 \ oP4 oP3 oP2 \ OoP1 OPO
TRR mode TRR mode BANn Unlimited MAC value
MAC

Table 76: MR24 Register Information when MRO OP[2] = Ob

Function Type OP |Data Notes
MAC value Read |OP[2:0]| 000b: Unknown (OP[3] = 0) or unlimited (OP[3] = 1) 1
001b: 700K
010b: 600K
011b: 500K
100b: 400K
101b: 300K
110b: 200K
111b: Reserved
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Table 76: MR24 Register Information when MRO OP[2] = Ob (Continued)

Function Type OP |Data Notes
Unlimited MAC Read | OP[3] |Ob: OP[2:0] defines the MAC value 2
1b: Unlimited MAC value
TRR mode BAN Write | OP[6:4] | 000b: Bank 0

001b: Bank 1

010b: Bank 2

011b: Bank 3

100b: Bank 4

101b: Bank 5

110b: Bank 6

111b: Bank 7

TRR mode Write | OP[7] |Ob: Disabled (default)
1b: Enabled

Notes: 1. OP[2:0] = 000b Unknown means that the device is not tested for tMAC and pass/fail values are unknown. OP[2:0]
= 000b Unlimited means that there is no restriction on the number of activates between refresh windows.
However, specific attempts to by-pass TRR may result in data disturb.

2. When OP[3] = 1b, MR24 OP[2:0] set to 000b.

Table 77: MR24 Register Information (MA[5:0] = 18h) when MRO OP[2] = 1b

OoP7 \ OP6 OP5 \ OoP4 \ OoP3 \ oP2 \ oP1 OPO
RAAMMT RAAIMT RFM

Table 78: MR24 Register Information when MRO OP[2] = 1b

Function Type OP |Data Notes
RFM(RFM required) Read | OP[0] |Ob: RFM not required 1
1b: RFM required
RAAIMT (Rolling Read |OP[5:1] |00000b: Invalid 1
accumulated ACT 00001b: 8
initial management
threshold) 00010b: 16
11110b: 240
11111b: 248
RAAMMT (Rolling Read |OP[7:6] |00b: 2X 1
accu_mulated ACT 01b: 4X
maximum manage-
ment threshold) 10b: 6X
11b: 8X
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Note: 1. Vendor programmed.

Table 79: MR25 Register Information (MA[5:0] = 19h)

OP7 OP6 OP5 OoP4 OoP3 OP2 OP1 OPO
Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0

Table 80: MR25 Register Information

Function Type OoP Data

PPR resources Read-only | OP[7:0] Ob: PPR resource is not available

1b: PPR resource is available

Note: 1. When OP[n] =0, there is no PPR resource available for that bank. When OP[n] = 1, there is a PPR resource available
for that bank, and PPR can be initiated by the controller.

Table 81: MR26:29 Register Information (MA[5:0] = 1Ah-1Dh)

OP7 \ OP6 \ OP5 \ oP4 \ OoP3 \ oP2 \ OoP1 OPO
Reserved for future use

Table 82: MR30 Register Information (MA[5:0] = 1Eh)

oP7 OP6 \ OoP5 \ OoP4 \ oP3 oP2 oP1 OPO
Valid 0 or 1

Table 83: MR30 Register Information

Function Type OP Data
SDRAM will ignore Write-only | OP[7:0] |Don't care

Note: 1. This register is reserved for testing purposes. The logical data values written to OP[7:0] will have no effect on
SDRAM operation; however, timings need to be observed as for any other MR access command.

Table 84: MR31 Register Information (MA[5:0] = 1Fh)

oP7 oP6 \ OP5 \ OP4 \ oP3 oP2 OP1 OPO
Reserved for future use

Table 85: MR32 Register Information (MA[5:0] = 20h)

OP7 OP6 \ OP5 \ OoP4 \ OoP3 \ oP2 oP1 OPO
DQ calibration pattern A (default = 5Ah)
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Table 86: MR32 Register Information

Feature Type OoP Data Notes
Return DQ calibration pat- |Write-only| OP[7:0] |Xb: An MPC command issued with OP[6:0] = 1000011b 1,2, 3
tern MR32 + MR40 causes the device to return the DQ calibration pattern

contained in this register and (followed by) the con-
tents of MR40. A default pattern 5Ah is loaded at
power-up or reset, or the pattern may be overwritten
with a MRW to this register. The contents of MR15 and
MR20 will invert the MR32/MR40 data pattern for a
given DQ (see MR15/MR20 for more information).

Notes: 1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0] when read DQ calibration is

initiated via an MPC command. The pattern is transmitted serially on each data lane and organized little endian
such that the low-order bit in a byte is transmitted first. If the data pattern is 27H, the first bit transmitted is a 1
followed by 1, 1,0, 0, 1, 0, and 0. The bit stream will be 00100111.

2. MR15 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins. See MR15 and MR20 for more
information. Data is never inverted on the DMI[1:0] pins.

3. The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3 OP[6].

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].

Table 87: MR33:35 Register Information (MA[5:0] = 21h-23h)
OP7 OP6 \ OP5 \ oP4 \ OoP3 \ oP2 \ oP1 \ OPO

Do not use

Table 88: MR36 Register Information (MA[5:0] = 24h)

oP7 OP6 \ OoP5 \ OoP4 \ oP3 oP2 oP1 OPO
RFU RAADEC

Table 89: MR36 Register Information

Feature Type OoP Data Notes
RAADEC (RAA count multi- Read OP[1:0] |00b: x1 1
plier per RFM command) 01b: x1.5

10b: x2

11b: RFU

Note: 1. OP[1:0] RAADEC bits are valid only when MRO OP[2] (RFM support) = 1.

Table 90: MR37:38 Register Information (MA[5:0] = 25h-26h)

OP7 \ OP6 \ OP5 \ OoP4 \ OoP3 \ oP2 OoP1 OPO
Do not use

Table 91: MR39 Register Information (MA[5:0] = 27h)

OP7 OP6 OP5 \ OoP4 \ OoP3 oP2 oP1 OPO
Valid 0 or 1

CCMO005-554574167-10834 72 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

AMcron

Table 92: MR39 Register Information

oP
OP[7:0]

Data
Don't care

Function
SDRAM will ignore

Type
Write-only

Note: 1. This register is reserved for testing purposes. The logical data values written to OP[7:0] will have no effect on
SDRAM operation; however, timings need to be observed as for any other MR access command.

Table 93: MR40 Register Information (MA[5:0] = 28h)

oP7 \ OP6 \ OP5 \ OP4 \ oP3 \ oP2 OP1 oPO
DQ calibration pattern B (default = 3Ch)
Table 94: MR40 Register Information
Function Type oP Data Notes
Return DQ calibration pat- |Write-only| OP[7:0] |Xb: A default pattern 3Ch is loaded at power-up or 1,2, 3
tern MR32 + MR40 reset, or the pattern may be overwritten with a MRW to
this register. See MR32 for more information.

Notes: 1.

2.

3.
4,

The pattern contained in MR40 is concatenated to the end of MR32 and transmitted on DQ[15:0] and DMI[1:0]
when read DQ calibration is initiated via an MPC command. The pattern is transmitted serially on each data lane
and organized little endian such that the low-order bit in a byte is transmitted first. If the data pattern in MR40 is
27H, the first bit transmitted will be a 1, followed by 1, 1, 0, 0, 1, 0, and 0. The bit stream will be 00100111.
MR15 and MR20 may be used to invert the MR32/MR40 data patterns on the DQ pins. See MR15 and MR20 for
more information. Data is never inverted on the DMI[1:0] pins.

The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3 OP[6].

No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].

Table 95: MR41:47 Register Information (MA[5:0] = 29h-2Fh)

OP7 OP6 \ OP5 \ OoP4 \ OoP3 \ oP2 \ oP1 \ OPO
Do not use
Table 96: MR48:63 Register Information (MA[5:0] = 30h-3Fh)
oP7 \ OP6 \ OP5 \ oP4 \ oP3 \ oP2 OP1 OPO

Reserved for future use

Commands and Timing

Commands transmitted on the CA bus are encoded into two parts and are latched on two consecutive
rising edges of the clock. This is called 2-tick CA capture because each command requires two clock
edges to latch and decode the entire command.

Truth Tables

Truth tables provide complementary information to the state diagram. They also clarify device
behavior and applicable restrictions when considering the actual state of the banks.

Unspecified operations and timings are illegal. To ensure proper operation after an illegal event, the
device must be either reset by asserting the RESET_n command or powered down and then restarted
using the specified initialization sequence before normal operation can continue.
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CKE signal has to be held HIGH when the commands listed in the command truth table input.

Table 97: Command Truth Table

SDR CA Pins
Command (o3 CAO CA1 CA2 CA3 CA4 CA5 CK Edge Notes
MRW-1 H L H H L L OP7 T 1, 1
L MAO MA1 MA2 MA3 MA4 MA5 Na
MRW-2 H L H H L H OP6 _F 1, 1
L OPO OP1 OoP2 OP3 OP4 OP5 By
MRR-1 H L H H H L \% Na 1,2,12
L MAO MA1 MA2 MA3 MA4 MAS5 Na
REFRESH H L L L H L AB Na 1,2,3,4,
(all/per bank) 14, 15
L BAO BA1 BA2 RFM \% Ny
ENTER SELF H L L L H \% 1,2
REFRESH Sl
. v _
ACTIVATE-1 H H L R12 R13 R14 R15 Na 1,2,3,10
L BAO BA1 BA2 R16 R10 R11 By
ACTIVATE-2 H R17 R18 R6 R7 R8 R9 F 1,10, 13
L RO R1 R2 R3 R4 R5 iy
WRITE-1 H L L H L L BL T 1,2,3,6,
7,9
L BAO BA1 BA2 \% 9 AP By
EXIT SELF H L L H L H Vv 1,2
REFRESH Sl
. v _F
MASK WRITE-1 H L L H H L BL T 1,2,3,5,
6,7,9
L BAO BA1 BA2 \% c AP W n
RFU H L L H H \Y _F 1,2
: v _F
RFU H L H L H L \% n 1,2
. v 7
RFU H L H L H H \Y R 1,2
. v ]
READ-1 H L H L L BL T 1,2, 3,6,
7.9
L BAO BA1 BA2 \Y 9 AP Na
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Table 97: Command Truth Table (Continued)

Command cs CAO CA1 CA2 CA3 CA4 CA5 CK Edge Notes

SDR CA Pins

CAS-2

(WRITE-2,

H L H L L H c8
L c2 a3 c4 c5 6 Cc7

1,89

MASKED
WRITE-2,
READ-2, MRR-2,

|

NOP)

MPC (except

PRECHARGE
(all/per bank)

1,2,3,4

BAO BA1 BA2 \% \% \%

MPC

(TRAIN, NOP)

OP6
OPO OP1 OP2 OP3 OP4 OP5

1,9

DESELECT

r| | | —| I
—
—
—
|
—

X

5l |

1,2

Notes: 1.

2.
3.
4,

10.

11.

12.

13.

14.

15

All commands except for DESELECT are two clock cycles and are defined by the current state of CS and CA[5:0] at
the rising edge of the clock. DESELECT command is one clock cycle and is not latched by the device.

V =H or L (a defined logic level); X = "Don't Care," in which case CS, CK_t, CK_c, and CA[5:0] can be floated.
Bank addresses BA[2:0] determine which bank is to be operated upon.

AB HIGH during PRECHARGE or REFRESH commands indicate the command must be applied to all banks, and the
bank addresses are "Don't Care."

MASK WRITE-1 command only supports BL16. For MASK WRITE-1 commands, CA5 must be driven LOW on the first
rising clock cycle (R1).

AP HIGH during a WRITE-1, MASK WRITE-1, or READ-1 command indicates that an auto precharge will occur to the
bank the command is operating on. AP LOW indicates that no auto precharge will occur and the bank will remain
open upon completion of the command.

When enabled in the mode register, BL HIGH during a WRITE-1, MASK-WRITE-1, or READ-1 command indicates the
burst length should be set on-the-fly to BL = 32; BL LOW during one of these commands indicates the burst length
should be set on-the-fly to BL = 16. If on-the-fly burst length is not enabled in the mode register, this bit should be
driven to a valid level and is ignored by the device.

For CAS-2 commands (WRITE-2, MASK WRITE-2, READ-2, MRR-2, or MPC (only WRITE-FIFO, READ-FIFO, and READ
DQ CALIBRATION)), C[1:0] are not transmitted on the CA [5:0] bus and are assumed to be zero. Note that for CAS-2
WRITE-2 or CAS-2 MASK WRITE-2 command, C[3:2] must be driven LOW.

WRITE-1, MASK-WRITE-1, READ-1, MODE REGISTER READ-1, or MPC (only WRITE-FIFO, READ-FIFO, and READ DQ
CALIBRATION) command must be immediately followed by CAS-2 command consecutively without any other
command in between. WRITE-1, MASK WRITE-1, READ-1, MRR-1, or MPC (only WRITE-FIFO, READ-FIFO, and READ
DQ CALIBRATION) command must be issued first before issuing CAS-2 command. MPC (only START and STOP DQS
OSCILLATOR, ZQCAL START and LATCH) commands do not require CAS-2 command; they require two additional
DES or NOP commands consecutively before issuing any other commands.

The ACTIVATE-1 command must be followed by the ACTIVATE-2 command consecutively without any other
command between them. The ACTIVATE-1 command must be issued prior to the ACTIVATE-2 command. When the
ACTIVATE-1 command is issued, the ACTIVATE-2 command must be issued before issuing another ACTIVATE-1
command.

The MRW-1 command must be followed by the MRW-2 command consecutively without any other command
between them. The MRW-1 command must be issued prior to the MRW-2 command.

The MRR-1 command must be followed by the CAS-2 command consecutively without any other commands
between them. The MRR-1 command must be issued prior to the CAS-2 command.

For device densities not requiring R17 and R18, R17 and R18 must both be driven High for every ACT-2 command
to maintain backward compatibility.

CA3 R2 edge is V when RFM is not required, but becomes RFM when read-only MR24 OP[0] = 1b.

. Issuing the RFMpb or RFMab command allows the device to use the command period for additional refresh

management.
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16. Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture
of transmitted data. This is applies to entire table.

ACTIVATE Command

The ACTIVATE command must be executed before a READ or WRITE command can be issued. The
ACTIVATE command is issued in two parts: The bank and upper-row addresses are entered with acti-
vate-1 and the lower-row addresses are entered with ACTIVATE-2. ACTIVATE-1 and ACTIVATE-2 are
executed by strobing CS HIGH while setting CA[5:0] at valid levels (see Command table) at the rising
edge of CK.

The bank addresses (BA[2:0]) are used to select the desired bank. The row addresses (R[15:0]) are used
to determine which row to activate in the selected bank. The ACTIVATE-2 command must be applied
before any READ or WRITE operation can be executed. The device can accept a READ or WRITE

command at time 'RCD after the ACTIVATE-2 command is sent. After a bank has been activated, it
must be precharged to close the active row before another ACTIVATE-2 command can be applied to

the same bank. The bank active and precharge times are defined as ‘RAS and ‘RP, respectively. The
minimum time interval between successive ACTIVATE-2 commands to the same bank is determined

by the row cycle time of the device (‘RC). The minimum time interval between ACTIVATE-2 commands
to different banks is ‘RRD.

Certain restrictions must be observed for bank ACTIVATE and REFpb operations.

* Four-activate window (‘FAW): No more than 4 banks may be activated (or refreshed, in the case of

REFpb) per channel in a rolling ‘FAW window. Convert to clocks by dividing ‘FAW[ns] bthK[ns] and

rounding up to the next integer value. As an example of the rolling window, if RU[(*FAW/'CK)] is 64
clocks, and an ACTIVATE command is issued on clock N, no more than three additional ACTIVATE
commands may be issued between clock N + 1 and N + 63. REFpb also counts as bank activation for

the purposes of 'FAW.
* 8-bank per channel, precharge all banks (AB) allowance: 'RP for a PRECHARGE ALL BANKS
command for an 8-bank device must equal ‘RPab, which is greater than ‘RPpb.

Figure 15: ACTIVATE Command

TO T1 T2 T3 Ta0 Tal Ta2 Ta3 Tb0 Tb1  Tb2 Tdo Td1 Td2 Td3 Td4 Td5
- - - .- - - .- - - -\ .- - .- - - - =K

ca mm X D

' ' '
" RRD

&
%
:
N

l RCD l

‘ ‘ ‘ !
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ !
‘ ‘ ‘ ‘ ‘ '
‘ ‘ ‘ i ‘ ‘ ‘ ‘ ‘ '
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
\ \ \ ;
GRECHSR ACTIVATE-1. X ACTIVATE-2
Command { ACTIVATE-1 X ACTIVATE-2 ACTIVATE-1 X ACTIVATE-2 READ1 cAS2 “per IARGE - -
; : ;
\ \ \ \ \
‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ !

' ' ' '
: tRAS

| tRcl

% Dor;’t Care

Note: 1. A PRECHARGE command uses 'RPab timing for all-bank precharge and 'RPpb timing for single-bank precharge. In
this figure, 'RP is used to denote either all-bank precharge or a single-bank precharge. 'CCD = MIN, 1.5nCK postam-
ble, 533 MHz < clock frequency < 800 MHz, ODT worst timing case.
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Figure 16: 'FAW Timing

T0 T T2 T3 Ta0 Tal Ta2 Ta3 Tb0 Tb1 Tb2  Tb3 TcO Tl Tc2 T3 T4 Tdo Td1 Td2 Td3 Td4
CK c -+ - - - -3 .- - -\ - = - -\ .- .- - .- - - - - - - - -
— '

L
Command< ACTIVATE-1 >< ACTIVATE-2 >‘ % ACI'IVATE1 >< ACI'IVATE 2 >. b< ACTIVATE 1 >< ACTIVATE 2 >‘ % ACI'IVATE1 >< ACTIVATE-2 ﬂ ACTIVATE-2
!

‘ RRD ‘ ‘ ‘RRD ‘ . ‘ ‘RRD ‘
i i i Ceraw | i i
|

Don't Care

Note: 1. REFpb may be substituted for one of the ACTIVATE commands for the purposes of tFAW.

Read and Write Access Modes

After abank has been activated, a READ or WRITE command can be executed. This is accomplished by
asserting CKE asynchronously, with CS and CA[5:0] set to the proper state (see Command Truth Table)
on the rising edge of CK.

The device provides a fast column access operation. A single READ or WRITE command will initiate a
burst READ or WRITE operation, where data is transferred to/from the device on successive clock
cycles. Burst interrupts are not allowed; however, the optimal burst length may be set on-the-fly (see
Command Truth Table).

Preamble and Postamble

The DQS strobe for the device requires a preamble prior to the first latching edge (the rising edge of
DQS_t with data valid), and it requires a postamble after the last latching edge. The preamble and
postamble options are set via MODE REGISTER WRITE commands.

The read preamble is two 'CK in length and is either static or has one clock toggle before the first
latching edge. The read preamble option is enabled via MRW to MR1 OP[3] (0 = Static; 1 = Toggle).

The read postamble has a programmable option to extend the postamble by 12CK (‘RPSTE). The
extended postamble option is enabled via MRW to MR1 OP[7] (0 = 0.5nCK; 1 = 1.51CK).

CCMO005-554574167-10834 77 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



AMcron

Micron Confidential and Proprietary

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Figure 17: DQS Read Preamble and Postamble - Toggling Preamble and 0.5nCK Postamble

Command < RD-1

DQS_c
DQS_t

DQ
DMI

Notes: 1.
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tDQSCK
tRPRE
AN~

f"XXL_t
el @t e apee
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BL = 16, Preamble = Toggling, Postamble = 0.5nCK.
DQS and DQ terminated Vgsq.

DQS_t/DQS_c is "Don’t Care" prior to the start of 'RPRE. No transition of DQS is implied, as DQS_t/DQS_c can be
HIGH, LOW, or High-Z prior to 'RPRE.

Figure 18: DQS Read Preamble and Postamble - Static Preamble and 1.5nCK Postamble

Command < RD-1

DQS_c
DQS_t

DQ
DMI

Notes: 1.
2.

3.

0l

(]

ke eey @t

BL = 16, Preamble = Static, Postamble = 1.5nCK (extended).
DQS and DQ terminated Vsgq.

DQS_t/DQS_c is "Don’t Care" prior to the start of 'RPRE. No transition of DQS is implied, as DQS_t/DQS_c can be
HIGH, LOW, or High-Z prior to 'RPRE.

CCMO005-554574167-10834
z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN

Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2022 Micron Technology, Inc. All rights reserved.

78



Micron Confidential and Proprietary
M Cro n LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Figure 19: DQS Write Preamble and Postamble - 0.5nCK Postamble

Command< WRITE-1 >< CAS-2 DES ZDES >< DES >< DES >< DES >< DES >< DES ? EDES X DES >< DES >< DES X DES X DES >< DES DES
T T T I I I I I I I I I I
1 1 1 1 1 1 ! 1

WL

DQss
tWPRE
DQS_c N VAV
DQS_t A NVAN .
DQS2DQ , BL2 |

0

Notes: 1. BL = 16, Postamble = 0.5nCK.
2. DQS and DQ terminated Vgsq.

3. DQS_t/DQS_cis "Don’t Care" prior to the start of "WPRE. No transition of DQS is implied, as DQS_t/DQS_c can be
HIGH, LOW, or High-Z prior to "WPRE.

Don’t Care
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Figure 20: DQS Write Preamble and Postamble - 1.5nCK Postamble

Command < WRITE-1
T

DQS_c
DQS_t

CAS-2
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Notes: 1.
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3.

DQS2DQ . B2 .
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BL = 16, Postamble = 1.5nCK.
DQS and DQ terminated Vgsq.

DQS_t/DQS_c is "Don’t Care" prior to the start of "WPRE. No transition of DQS is implied, as DQS_t/DQS_c can be
HIGH, LOW, or High-Z prior to "WPRE.
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Burst READ Operation

Aburst READ command is initiated with CKE, CS, and CA[5:0] asserted to the proper state on the rising
edge of CK, as defined by the Command Truth Table. The command address bus inputs determine the
starting column address for the burst. The two low-order address bits are not transmitted on the CA
bus and are implied to be 0; therefore, the starting burst address is always a multiple of four (that is,
0x0, 0x4, 0x8, 0xC).

The READ latency (RL) is defined from the last rising edge of the clock that completes a READ
command (for example, the second rising edge of the CAS-2 command) to the rising edge of the clock

from which the 'DQSCK delay is measured. The first valid data is available RL x ‘CK + ‘DQSCK + 'DQSQ
after the rising edge of clock that completes a READ command.

The data strobe output is driven ‘RPRE before the first valid rising strobe edge. The first data bit of the
burst is synchronized with the first valid (post-preamble) rising edge of the data strobe. Each subse-
quent data-out appears on each DQ pin, edge-aligned with the data strobe. At the end of a burst, the
DQS signals are driven for another half cycle postamble, or for a 1.5-cycle postamble if the program-
mable postamble bit is set in the mode register. The RL is programmed in the mode registers. Pin
timings for the data strobe are measured relative to the cross-point of DQS_t and DQS_c.

Figure 21: Burst Read Timing

TO T T2 T3 T4 T5 T6 T7 T15 TI16 T17 T18 TI19 T20 T21 T22 T23 T33 T34 T35 T36 T41 T42 T43 T44
- - - - - - - - - - o - - - - N N - - - - - - -

77

T Dacs (o) (o) (os)
‘ccp =16 I RL=14 tDQSCK BL2=8
RL=14 | tpasck BU2=16 !
| tRPRE tRPST. f-—
DQs. ¢ BN ANy R N RN
DQS_t 22 /\_/ .. .. AN F\j L AN
—»| |- 1DQSQ —»| |« DQSQ
DQ BouPouPou\ o\ Loy D B0 \or\ Do\ Por\PorMor o\ h Lok Lo\ /P Bo\D.
o ) OO HEOEEEE! EOEREE
m Don't Care
Notes: 1. BL =32 for column n, BL = 16 for column m, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: V¢sq termi-
nation.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 22: Burst Read Followed by Burst Write or Burst Mask Write

TO T1 T2 T3 T4 T5 Ta0 Tal Ta2 Ta3 Ta4 TbO Thb1 Tb2 Tb3 Th4 Tb5 Tbé Tb7 Tc0 Tl T2 T3 T4 TS Tc6 Tc7

] ]
RL + RU(‘DQSCK(MAX)/ tCK) + BL2
+ RD(RPST) - WL + 'WPRE wL

RL ‘ DQSCK BL2=8
T

RPRE "WPRE

44 RPST <—=|tDQs20Q

3 BROEEER

DQ
DM

Don’t Care

Notes: 1. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK,
DQ/DQS: Vssq termination.
2. Doyt n = data-out from column n and Dy n = data-in to column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 23: Seamless Burst Read

T0 T T2 T3 Ta0 Tal Ta2 Ta3 Tb0 Th1 Th2 Tb3  Th4 Tc0 Tl T2 T3 Td0 Td1 Td2 Td3 Te0 Tel Te2 Te3

' ' ]
~ommand < READ-1 >< CAS-2
0 0 0

]
tDQSCK

lDQSCK

RL ‘ tDQSCK
~
RPRE
DQS_c
DQS_t ?2 2 2
— ‘DQSQ
DQ OuY
ou! )| | & DG @%%@ M""" ll."
Bank 0 Bank 1
W/J Don’t Care
Notes: 1. BL = 16, 'CCD = 8, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Read Timing

Figure 24: Read Timing
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Notes: 1. BL = 16, Preamble = Toggling, Postamble = 0.5nCK.
DQS, DQ, and DMI terminated Vgsq.

Output driver does not turn on before an endpoint of 1LZ(DQS) and 'LZ(DQ).
Output driver does not turn off before an endpoint of tHZ(DQS) and tHZ(DQ).

El
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Y 2(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
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.

tL.Z(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)

Figure 25: 'LZ(DQS) Method for Calculating Transitions and Endpoint

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

I — — — — ------ DQS_c

Notes: 1. Conditions for calibration: Pull down driver Roy = 40 ohms, Vo = Vppq x 0.5.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq-
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 26: 'HZ(DQS) Method for Calculating Transitions and Endpoint

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

CK_c

Notes: 1. Conditions for calibration: Pull down driver Roy = 40 ohms, Vo = Vppq x 0.5.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vsgq.
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.

Table 98: Reference Voltage for 'LZ(DQS), *tHZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vsw1 Vsw2 Unit

DQS_C Low-Z time tLZ(DQS) 0.4 x VOH 0.6 x VOH Vv
from CK_t, CK_c¢

DQS_c High-Z time tHz(DQS) 0.4 x Vou 0.6 x Vou
from CK_t, CK_c
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tLZ(DQ) and *HZ(DQ) Calculation for ATE (Automatic Test Equipment)

Figure 27: 'LZ(DQ) Method for Calculating Transitions and Endpoint
CK_t — CK_c crossing at the second CAS-2 of READ command
CK_t

CK_c

. . ___-.DQs

Notes: 1. Conditions for calibration: Pull down driver Rgy = 40 ohms, Vg = Vppq x 0.5.

2. Termination condition for DQ and DMI = 50 ohms to Vsgq.
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 28: *HZ(DQ) 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 Roy = 40 ohms, Vo = Vppq x 0.5.

2. Termination condition for DQ and DMI = 50 ohms to Vsgq.
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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Table 99: Reference Voltage for '1LZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vsw1 Vsw2 Unit
DQ Low-Z time tLZ(DQ) 0.4 x VOH 0.6 x VOH Vv
from CK_t, CK_c
DQ High-Z time tHZ(DQ) 0.4 x Vop 0.6 x Vo
from CK_t, CK_c

Burst WRITE Operation

Aburst WRITE command is initiated with CKE, CS, and CA[5:0] asserted to the proper state at the rising
edge of CK, as defined by the Command Truth Table. Column addresses C[3:2] should be driven LOW
for burst WRITE commands, and column addresses C[1:0] are not transmitted on the CA bus and are
assumed to be zero so that the starting column burst address is always aligned with a 32-byte
boundary. The WRITE latency (WL) is defined from the last rising edge of the clock that completes a
WRITE command (for example, the second rising edge of the CAS-2 command) to the rising edge of the
clock from which 'DQSS is measured. The first valid latching edge of DQS must be driven WL x  CK +

'DQSS after the rising edge of clock that completes a WRITE command.

The device uses an unmatched DQS DQ path for lower power, so the DQS strobe must arrive at the
SDRAM ball prior to the DQ signal by 'DQS2DQ. The DQS strobe output must be driven ‘WPRE before
the first valid rising strobe edge. The 'WPRE preamble is required to be 2 x 'CK at any speed ranges. The
DQS strobe must be trained to arrive at the DQ pad latch center-aligned with the DQ data. The DQ data
must be held for TdiVW, and the DQS must be periodically trained to stay roughly centered in the
TdiVW. Burst data is captured by the SDRAM on successive edges of DQS until the 16- or 32-bit data
burst is complete. The DQS strobe must remain active (toggling) for SWPST (write postamble) after the
completion of the burst WRITE. After a burst WRITE operation, ‘WR must be satisfied before a
PRECHARGE command to the same bank can be issued. Signal input timings are measured relative to
the cross point of DQS_t and DQS_c.
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Figure 29: Burst WRITE Operation

BL/2 + 1 Clock
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'WPRE
DQS_c
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Don't Care

Notes: 1. BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vgsq termination.
2. D|y n = data-in to column n.

3. "WVR starts at the rising edge of CK after the last latching edge of DQS.
4, DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 30: Burst Write Followed by Burst Read
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Notes: 1. BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
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2. D|y n = data-in to column n.

3. The minimum number of clock cycles from the burst WRITE command to the burst READ command for any bank is

[WL + 1 + BL/2 + RUCWTR/ACK)].

4. YWTR starts at the rising edge of CK after the last latching edge of DQS.
5. DES commands are shown for ease of illustration; other commands may be valid at these times.

Write Timing
Figure 31: Write Timing
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Notes: 1. BL = 16, Write postamble = 0.5nCK.
2. Dyy n =data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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YWPRE Calculation for ATE (Automatic Test Equipment)

Figure 32: Method for Calculating *WPRE Transitions and Endpoints
CK_t

Resulting differential signal
relevant for 'WPRE specification

Vsw?2
Vswi
DQS_t-DQS.c —HBO---------} - oo ---

Begin point:

Extrapolated point

YWPRE

Note: 1. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssq-

Table 100: Method for Calculating *WPRE Transitions and Endpoints

Measured Parameter
Measured Parameter Symbol Vsw1 Vsw2 Unit

DQS_t, DQS_C tWPRE VlHLﬁAC x 0.3 VlHLﬁAC x 0.7 Vv
differential write preamble
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YWPST Calculation for ATE (Automatic Test Equipment)

Figure 33: Method for Calculating 'WPST Transitions and Endpoints

CKt —\ oo - e \
""""""""""""""""""" Vref(CA) /7 -
CK_C D N oV A
Resulting differential signal
relevant for 'WPST specification
----------------------------- ov
DQS_t-DQS_c

~<—_ End point:

Extrapolated point
WPST

Notes: 1. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vgsq.
2. Write postamble: 0.5'CK
3. The method for calculating differential pulse widths for 1.5CK postamble is same as 0.5'CK postamble.

Table 101: Reference Voltage for 'WPST Timing Measurements

Measured Parameter
Measured Parameter Symbol Vsw1 Vsw2 Unit

DQS_T., DQS_C tWPST _(V|HL_AC X 07) _(V|HL_AC X 03) Vv
differential write postamble

MASK WRITE Operation

The device requires that WRITE operations that include a byte mask anywhere in the burst sequence
must use the MASK WRITE command. This allows the device to implement efficient data protection
schemes based on larger data blocks. The MASK WRITE-1 command is used to begin the operation,
followed by a CAS-2 command. A MASKED WRITE command to the same bank cannot be issued until

{CCDMW later, to allow the device to finish the internal READ-MODIFY-WRITE operation. One
data-mask-invert (DMI) pin is provided per byte lane, and the data-mask-invert timings match data bit
(DQ) timing. See Data Mask Invert for more information on the use of the DMI signal.
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Figure 34: MASK WRITE Command - Same Bank

Ta0 Tal Ta2 Ta3 Tc6

T‘a4 Ta5
]

r= =g
v

Ta6 Tb0 Tb1 Th2 Tc0 Tcl Tc7 T8
i ] i i ) ) ) ]

Command

tccomw WL

WL ‘ tDQSS(MIN)

tWPST

ooy 0 Roncnoncnatodd
o ) T HEBEE) 96598 )

Don't Care

—_

Notes: BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Dy n=data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to insert only 16-bit wide data
for MASKED WRITE operation.
4. DES commands are shown for ease of illustration; other commands may be valid at these time.

Figure 35: MASK WRITE Command - Different Bank

T37 T38
\

’

I I I I 1 I ]

1 1 1 I 1 1 1 1

1 1 ] 1 l l ] ]
Command (WASKWRITE ) CAS-2 >@ B<MASK WRTET ) cAs-2 >@ E(MASK WRITe-1 ) >@ E<MASKWRI

CAS-2 TE-1X CAS-2 >@ B(MASKWRITEJX CAS-2
tccp ‘ tccp tccD tccp
tCCOMW
DQSS

DQS_c
DQS_t

/
\ [

o | e e oy Lo Caeateeies ek e Caea et o Caiaes
[ ] ponttcare

Notes: 1. BL = 16, DQ/DQS/DMI: Vssq termination.
2. D)y n = data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to insert only 16-bit wide data
for MASKED WRITE operation.
4. DES commands are shown for ease of illustration; other commands may be valid at these time.
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Table 102: Same Bank (ODT Disabled)
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Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU(tRCD/CK) RU(RCD/CK) RU(tRCD/*CK) RU(tRAS/*CK)
READ lllegal 8! RL + RL + BL/2 +
(with BL = 16) RU('DQSCK(MAX)/t | RUDQSCK(MAX)/t | MAX{(8,RU('RTP/C
CK) + B2 -WL + | CK) + BL/2 - WL + K)}- 8
YWPRE + RD(*RPST) | *"WPRE + RD('RPST)
READ lllegal 162 RL + RL + BL/2 +
(with BL = 32) RU('DQSCK(MAX)/t | RUDQSCK(MAX)/t | MAX{(8,RU('RTP/C
CK) + B2 - WL + | CK) + BL/2 - WL + K)}-8
"WPRE + RD('RPST) | *"WPRE + RD(*RPST)
WRITE lllegal WL + 1+ BL/2 + 8! tccomw3 WL+ 1+BL/2+
(with BL = 16) RUMWTR/ACK) RU(t'WR/tCK)
WRITE Illegal WL+ 1+BL/2+ 162 tccoMmw + 84 WL+ 1+BL2+
(with BL = 32) RU(PWTR/CK) RU('WR/CK)
MASK WRITE Illegal WL+ 1+ BL/2 + tced tccomw3 WL + 1 +BL/2 +
RU(WTR/ACK) RU('WR/CK)
PRECHARGE RU('RP/LCK), Illegal lllegal lllegal 4
RU('RPab/tCK)
Notes: 1. In the case of BL = 16, '{CCD is 8 x 'CK.
2. Inthe case of BL = 32, '[CCD is 16 x 'CK.
3. 'CCDMW = 32 x 'CK (4 x t'CCD at BL = 16).
4. WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
Table 103: Different Bank (ODT Disabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE RU(*RRD/'CK) 4 4 4 2?
READ 4 gl RL + RL + 22
(with BL = 16) RU(tDQSCK(MAX)/t | RU(PDQSCK(MAX)/t
CK) + BL/2-WL + | CK)+BL/2-WL +
"WPRE + RD('RPST) | *"WPRE + RD(*RPST)
READ 4 162 RL + RL + 22
(with BL = 32) RU(DQSCK(MAX)/t | RU(TDQSCK(MAX)/t
CK) +BL/2-WL+ | CK)+BL/2-WL+
"WPRE + RD('RPST) | *"WPRE + RD(*RPST)
WRITE 4 WL + 1+ BL/2 + 8! 8! 22
(with BL = 16) RU(CWTR/CK)
WRITE 4 WL + 1 + BL/2 + 162 162 22
(with BL = 32) RU(WTR/ACK)
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Table 103: Different Bank (ODT Disabled) (Continued)

Next CMD READ WRITE
Current CMD ACTIVE (BL=160r32) | (BL =16 or 32) MASK WRITE PRECHARGE
MASK WRITE 4 WL+ 1+BL/2 + 8! 8! 22
RU'WTR/ACK)
PRECHARGE 4 4 4 4 4
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK
2. Inthe case of BL = 32, '[CCD is 16 x 'CK
Table 104: Same Bank (ODT Enabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL=160r32) | (BL =16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU(tRCD/ACK) RU('RCD/'CK) RU('RCD’tCK) RU(tRAS/ICK)
READ lllegal g RL + RL + BL/2 +
(with BL = 16) RU(tDQSCK(MAX)/t | RU(DQSCK(MAX)/ | MAX{(8,RU(tRTP/'C
CK) + BL/2 + CK) + BL/2 + K)}- 8
RD(*RPST) - ODT- | RD('RPST) - ODT-
Lon - RD(*OD- Lon - RD(*OD-
Ton(MIN)/tCK) Ton(MIN)/CK)
READ Illegal 162 RL + RL + BL/2 +
(with BL = 32) RU('DQSCK(MAX)/t | RUCDQSCK(MAX)/t | MAX{(8,RU('RTP/C
CK) +BL/2 + CK) + BL/2 + K)}-8
RD('RPST) - ODT- | RD('RPST) - ODT-
Lon - RD(tOD- Lon - RD(*OD-
Ton(MIN)/*CK) Ton(MIN)/CK)
WRITE lllegal WL + 1+ BL/2 + 8! tccomw3 WL+ 1+BL/2+
(with BL = 16) RU('WTR/CK) RU('WR/tCK)
WRITE lllegal WL+ 1+BL2 + 162 tcCOMW + 8% WL + 1+ BL/2 +
(with BL = 32) RU('WTR/CK) RU("WR/tCK)
MASK WRITE lllegal WL+ 1+BL/2 + tceD tccOMW3 WL + 1+ BL/2 +
RUCCWTR/CK) RU('WR/CK)
PRECHARGE RU(tRP/ACK), Illegal lllegal Illegal 4
RU(tRPab/tCK)
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK.
2. Inthe case of BL =32, '[CCD is 16 x 'CK.
3. 'CCDMW = 32 x t'CK (4 x 'CCD at BL = 16).
4. WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
Table 105: Different Bank (ODT Enabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL=160r32) | (BL=16or 32) MASK WRITE PRECHARGE
ACTIVE RU(*RRD/'CK) 4 4 4 22
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Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
READ 4 g1 RL + RL + 22
(with BL = 16) RU(tDQSCK(MAX)/t | RU(TDQSCK(MAX)/t
CK) +BL/2 + CK) + BL/2 +
RD(tRPST) - ODT- | RD('RPST) - ODT-

Lon - RD(*OD- Lon - RD(*OD-

Ton(MIN)/tCK) Ton(MIN)/ACK)
READ 4 162 RL + RL + 22
(with BL = 32) RU(DQSCK(MAX)/t | RU(PDQSCK(MAX)/t

CK) +BL/2 + CK) + BL/2 +
RD('RPST) - ODT- | RD('RPST) - ODT-

Lon - RD(*OD- Lon - RD(*OD-

Ton(MIN)/'CK) Ton(MIN)/ACK)
WRITE 4 WL + 1+ BL/2 + 8! 8! 22
(with BL = 16) RUCWTR/ACK)
WRITE 4 WL+ 1+BL/2 + 162 162 22
(with BL = 32) RU('WTR/CK)
MASK WRITE 4 WL+ 1+BL/2 + 8! 8! 22

RUCWTR/ACK)

PRECHARGE 4 4 4 4 4

Notes: 1. In the case of BL = 16, '{CCD is 8 x 'CK.
2. Inthe case of BL =32, 'CCD is 16 x 'CK.

Data Mask and Data Bus Inversion (DBI [DC]) Function

Data mask (DM) is supported for WRITE operations and the data bus inversion DBI (DC) is supported
for READ, WRITE, MASK WRITE, MRR, and MRW operations. DM and DBI (DC) functions are
supported with byte granularity. DBI (DC) for READ operations (READ, MRR) can be enabled or
disabled via MR3 OP[6]. DBI (DC) for WRITE operations (WRITE, MASK WRITE, MRW) can be enabled
or disabled via MR3 OP[7]. DM for MASK WRITE operations can be enabled or disabled via MR13
OPJ5]. The device has one data mask inversion (DMI) pin per byte and a total of two DMI pins per
channel. The DMI signal is a bidirectional DDR signal, is sampled with the DQ signals, and is electri-
cally identical to a DQ signal.

There are eight possible states for the device with the DM and DBI (DC) functions.

Table 106: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ Operations

DMI Signal
During During During During
DM Write DBI | Read DBI During MASKED During MPC[WRIT | MPC[READ | MPC[READ
Function (DC) (DC) WRITE WRITE READ E-FIFO] -FIFO] DQ CAL]
Disabled Disabled Disabled | pon't Care' | lllegal’, 3 High-z2 | Don't Care' | High-z2 High-z2
Disabled Enabled Disabled | pB|(DC)* lllegal® High-Z2 Train® Train'0 Train'"
Disabled Disabled Enabled | pon't Care! lllegal® DBI (DC)® Train® Train'0 Train"
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Table 106: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ Operations

DM
Function (DC) (DC) WRITE WRITE READ E-FIFO] -FIFO] DQ CAL]

DMI Signal

During During During During
Write DBI | Read DBI During MASKED During MPC[WRIT | MPC[READ | MPC[READ

Disabled Enabled Enabled | pgi(DQ)* lllegal® DBI (DC)° Train® Train'® Train'"

Enabled Disabled Disabled | pon't Care® DM’ High-z? Train® Train'® Train"

Enabled Enabled Disabled | pp|(DC)* | DBI(DC)® High-z2 Train? Train'® Train'"

Enabled Disabled Enabled | pon't Care® DM’ DBI (DC)® Train® Train'0 Train'

Enabled Enabled Enabled | pgI(DC)* | DBI(DO® | DBI(DC)® Train® Train'® Train

Notes: 1.

2.
3.
4

9.

The DMI input signal is "Don’t Care." DMI input receivers are turned off.
DMI output drivers are turned off.
The MASK WRITE command is not allowed and is considered an illegal command when the DM function is disabled.

. The DMl signal is treated as DBI and indicates whether the device needs to invert the write data received on DQ

within a byte. The device inverts write data received on the DQ inputs if DMl is sampled HIGH and leaves the write
data non-inverted if DMI is sampled LOW.

The device inverts read data on its DQ outputs associated within a byte and drives the DMI signal HIGH when more
than four data bits = 1 within a given byte lane; otherwise, the device does not invert the read data and drives DMI
signal LOW.

The device does not perform a MASK operation when it receives a WRITE (or MRW) command. During the WRITE
burst, the DMI signal must be driven LOW.

The device requires an explicit MASKED WRITE command for all MASKED WRITE operations. The DMI signal is
treated as a data mask (DM) and indicates which bytes within a burst will be masked. When the DMl signal is
sampled HIGH, the device masks that beat of the burst for the given byte lane. All DQ input signals within a byte
are "Don't Care" (either HIGH or LOW) when DMI is HIGH. When the DMI signal is sampled LOW, the device does
not perform a MASK operation and data received on the DQ inputs is written to the array.

The device requires an explicit MASKED WRITE command for all MASKED WRITE operations. The device masks the
write data received on the DQ inputs if five or more data bits = 1 on DQ[2:7] or DQ[10:15] (for lower byte or upper
byte respectively) and the DMI signal is LOW. Otherwise, the device does not perform the MASK operation and
treats it as a legal DBI pattern. The DMI signal is treated as a DBI signal, and data received on the DQ input is
written to the array.

The DMI signal is treated as a training pattern. The device does not perform any MASK operation and does not
invert write data received on the DQ inputs.

10. The DM signal is treated as a training pattern. The device returns the data pattern written to the WRITE-FIFO.
11. The DMl signal is treated as a training pattern. For more information, see the Read DQ Calibration Training section.
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Figure 36: MASKED WRITE Command with Write DBI Enabled; DM Enabled

TO T1 T2 T3 Ta0 Ta1 Ta2 Ta3 'I:a4 T§5 Tab TbO
I I I I

A <Vallid><Va.Iid><Va.Iid><VaI|d

EX DES>< DES>< DES>< DES>< DES>< DES? 2DES DES

Command < MASK WRITE-1 >< CAS-2 >?

WL

DQS_c
DQS_t

DQ[7:0]

DMI[0]

/ Don't Care

Notes: 1. N: Input data is written to DRAM cell.

I: Input data is inverted, then written to DRAM cell.

M: Input data is masked. The total count of 1 data bits on DQ[7:2] is equal to or greater than five.
Data mask (DM) is enable: MR13 OP [5] = 0, Data bus inversion (DBI) write is enable: MR3 OP[7] = 1.

AN
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Figure 37: WRITE Command with Write DBI Enabled; DM Disabled

Ta2 Ta3 '[a4 T§5 Tab
I I I

|
|
2 L L '

R,

CA <Vallid><Vallid><Va.Iid><VaIid

Command< WRITE—1>< CAS-2 >?

EX DES>< D.ES>< D.ES>< D.ES>< D:ES>< DIESP gD:ES >@

] \

DQS_c
DQS_t

DQI[7:0]

DMI[0]

/ Don’t Care

Notes: 1. N: Input data is written to DRAM cell.
2. I: Input data is inverted, then written to DRAM cell.
3. Data mask (DM) is disable: MR13 OP [5] = 1, Data bus inversion (DBI) write is enable: MR3 OP[7] = 1.
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WRITE and MASKED WRITE Operation DQS Control (WDQS Control)

The device supports WRITE, MASKED WRITE, and WR-FIFO operations with the following DQS
controls. Before and after WRITE, MASKED WRITE, and WR-FIFO operations, DQS_t, and DQS_c are
required to have sufficient voltage gap to make sure the write buffers operate normally without any risk
of meta-stability.

The device is supported by either of the two WDQS control modes below.
* Mode 1: Read-based control
e Mode 2: WDQS_on/WDQS_off definition based control

Regardless of ODT enable/disable, WDQS-related timing described here does not allow any change of
existing command timing constraints for all READ/WRITE operations. In case of any conflict or ambi-
guity on the command timing constraints caused by the specification here, the specification defined
in the Timing Constraints for Training Commands table should have higher priority than WDQS
control requirements.

To prevent write preamble related failure, either of the two WDQS controls to the device should be
supported.

WDQS Control Mode 1 - Read-Based Control

The device needs to be guaranteed the differential WDQS, but the differential WDQS can be controlled
as described below. WDQS control requirements here can be ignored while differential read DQS is
operated or while DQS hands over from read to write or vice versa.

1. When WRITE/MASKED WRITE command is issued, SoC makes the transition from driving DQS_c
HIGH to driving differential DQS_t/DQS_c, followed by normal differential burst on DQS pins.

2. At the end of post amble of WRITE/MASKED WRITE burst, SoC resumes driving DQS_c HIGH
through the subsequent states except for DQS toggling and DQS turn around time of WT-RD and
RD-WT as long as CKE is HIGH.

3. When CKE is LOW, the state of DQS_t/DQS_c is allowed to be “Don’t Care.”

Figure 38: WDQS Control Mode 1

CMD WT BURST Following states from WT burst

Don’t Care

WDQS Control Mode 2 - WDQS_On/Off

After WRITE/MASKED WRITE command is issued, DQS_t and DQS_c required to be differential from
WDQS_on, and DQS_t and DQS_c can be “Don’t Care” status from WDQS_off of WRITE/MASKED
WRITE command. When ODT is enabled, WDQS_on and WDQS_off timing is located in the middle of
the operations. When host disables ODT, WDQS_on and WDQS_off constraints conflict with ‘RTW.
The timing does not conflict when ODT is enabled because WDQS_on and WDQS_off timing is covered
in ODTLon and ODTLoff. However, regardless of ODT on/off, WDQS_on/off timing below does not
change any command timing constraints for all read and write operations. To prevent the conflict,
WDQS_on/off requirement can be ignored where WDQS_on/off timing is overlapped with read oper-
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ation period including READ burst period and ‘RPST or overlapped with turn-around time (RD-WT or
WT-RD). In addition, the period during DQS toggling caused by read and write can be counted as
WDQS_on/off.

Parameters

* WDQS_on: The maximum delay from WRITE/MASKED WRITE command to differential DQS_t and
DQS_c

* WDQS_off: The minimum delay for DQS_t and DQS_c differential input after the last
WRITE/MASKED WRITE command

* WDQS_Exception: The period where WDQS_on and WDQS_off timing is overlapped with READ
operation or with DQS turn around (RD-WT, WT-RD)

- WDQS_Exception @ ODT disable = MAX(WL-WDQS_on + 'DQSTA - 'WPRE - 7 'CK, 0 ‘CK) where
RD to WT command gap = ‘RTW(MIN)@ODT disable + n 'CK
— WDQS_Exception @ ODT enable = '‘DQSTA

Table 107: WDQS_On/WDQS_Off Definition

WRITE WDQS _On WDQS_Off Lower Upper
Latency (Max) (Min) Frequency | Frequency
Set A SetB nWR nRTP Set A Set B Set A SetB Limit (>) Limit (g)

4 4 6 8 0 0 15 15 10 266

6 8 10 8 0 0 18 20 266 533

8 12 16 8 0 6 21 25 533 800

10 18 20 8 4 12 24 32 800 1066

12 22 24 10 4 14 27 37 1066 1333

14 26 30 12 6 18 30 42 1333 1600

16 30 34 14 6 20 33 47 1600 1866

18 34 40 16 8 24 36 52 1866 2133

Notes: 1. WDQS_on/off requirement can be ignored when WDQS_on/off timing is overlapped with READ operation period

including READ burst period and 'RPST or overlapped with turn-around time (RD-WT or WT-RD).
2. DQS toggling period caused by read and write can be counted as WDQS_on/off.

Table 108: WDQS_On/WDQS_Off Allowable Variation Range

Min Max Unit
WDQS_on -0.25 0.25 tCK(avg)
WDQS_off -0.25 0.25 tCK(avg)

Table 109: DQS Turn-Around Parameter

Parameter Description Value Unit Note
tDQSTA Turn-around time RDQS to WDQS for WDQS control case TBD - 1
Note: 1. 'DQSTA is only applied to WDQS_exception case when WDQS Control. Except for WDQS Control, 'DQSTA can be
ignored.
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Figure 39: Burst WRITE Operation

TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad Ta5 Ta6 Ta7 Ta8 Ta9 Tal0 Tall Tal2 Tal3 Tal4 Tal5 Talé Tal7 Tal8 Tal9 Ta20 Ta21l
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CKc ! ! VY - BTN e /e
L | | |
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Command D‘ES
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bQ ! BRI EEDEEHENENED
0DTLon topTon(MAX) _|
toDTon(MIN)
DRAM Ry ODT High-Z 2 2 Transion >L 0oDTon >f Transition ODT High-Z
ODTL off { ropToffminy
tODToff(MAX)

Don't Care

Notes: 1. BL=16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. DI n =data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. DRAM Ryt is only applied when ODT is enabled (MR11 OP[2:0] is not 000b).
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Figure 40: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Disable)
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% Don’t Care

Notes: 1. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK.
DO n = data-out from column n, DI n = data-in to column n.

DES commands are shown for ease of illustration; other commands may be valid at these times.

WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ oper-

ation period including READ burst period and 'RPST or overlapped with turn-around time (RD-WT or WT-RD).

AWN

Figure 41: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Enable)
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0ODTon,min
Transion ¥ ODT High-Z

DRAM Ryr ODT High-Z Transion 0DTOn

Don’t Care

Notes: 1. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK,
DQ/DQS: Vssq termination.
2. DO n =data-out from column n, DI n = data-in to column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ oper-
ation period including READ burst period and 'RPST or overlapped with turn-around time (RD-WT or WT-RD).

Preamble and Postamble Behavior

Preamble, Postamble Behavior in READ-to-READ Operations

The following illustrations show the behavior of the device's read DQS_t and DQS_c pins during cases
where the preamble, postamble, and/or data clocking overlap.

DQS will be driven with the following priority
1. Data clocking edges will always be driven
2. Postamble

3. Preamble

Essentially the data clocking, preamble, and postamble will be ordered such that all edges will be
driven.

Additional examples of seamless and borderline non-overlapping cases have been included for clarity.

READ-to-READ Operations - Seamless

Figure 42: READ Operations: '*CCD = MIN, Preamble = Toggle, 1.5nCK Postamble

T27 T28 T29

| |
READ-1 X CAS-2

LR
(oot o) 55 o5 o o o)

Command< READ-1 X CAS-2

tccD =8 DQSCK
RL=6 ‘ DQSCK
| | 'RPRE
DQs_c RN
005 ¢ Highz |/ ‘ (X
| |« DQsQ -~ }=-'DQsQ
o ) O0E00000000000856 DOBE

BL/2=8 BL/2=8

Don't Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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READ-to-READ Operations - Consecutive

Figure 43: Seamless READ: 'CCD = MIN + 1, Preamble = Toggle, 1.5nCK Postamble
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Command< READ-1 X CAS-2
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BL/2=8 BL/2=8

Don’t Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 44: Consecutive READ: 'CCD = MIN + 1, Preamble = Toggle, 0.5nCK Postamble

Command< READ-1 X CAS-2

'cCD =9
RL=6 L 'DQSCK
\
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DQS_t High-2 2 2 (—\_,2 X £ High-Z
5 | =
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DQ X LN N NSNS NENA NG NENE NS NG NG\ . IS V.SV :
o9 wgnz ) e e N e bbbl in i) Bt Highz
BL2 =8 BL2=8

Don't Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 45: Consecutive READ: 'CCD = MIN + 1, Preamble = Static, 1.5nCK Postamble
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ke )] EE0000000080008 =0 DERE
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W Don’t Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 46: Consecutive READ: *CCD = MIN + 1, Preamble = Static, 0.5nCK Postamble
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% Don't Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 47: Consecutive READ: 'CCD = MIN + 2, Preamble = Toggle, 1.5nCK Postamble
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Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 48: Consecutive READ: *CCD = MIN + 2, Preamble = Toggle, 0.5nCK Postamble
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W Don't Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 49: Consecutive READ: 'CCD = MIN + 2, Preamble = Static, 1.5nCK Postamble
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Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 50: Consecutive READ: 'CCD = MIN + 2, Preamble = Static, 0.5nCK Postamble
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Don't Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 51: Consecutive READ: *CCD = MIN + 3, Preamble = Toggle, 1.5nCK Postamble
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m Don‘t Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 52: Consecutive READ: *CCD = MIN + 3, Preamble = Toggle, 0.5nCK Postamble
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W Don‘t Care

Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Doyt n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 53: Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 1.5nCK Postamble
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Notes: 1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 54: Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 0.5nCK Postamble
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Notes: 1. BL = 16 for column n and column m; RL = 6, Preamble = Static; Postamble = 0.5nCK
2. Doyt n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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WRITE-to-WRITE Operations - Seamless

Figure 55: Seamless WRITE: *CCD = MIN, 0.5nCK Postamble
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] ] ]

r
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Don't Care

Notes: 1. BL = 16, Write postamble = 0.5nCK.
2. Dy n/m = data-in from column n and column m.

3. The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank
is BL/2.
4, DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 56: Seamless WRITE: tCCD = MIN, 1.5nCK Postamble, 533 MHz < Clock Frequency <= 800 MHz,
ODT Worst Timing Case
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Don't Care

Notes: 1. Clock frequency = 800 MHz, *CK(AVG) = 1.25ns.

BL = 16, Write postamble = 1.5nCK.

Dy n/m = data-in from column n and column m.

The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank
is BL/2.

5. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 57: Seamless WRITE: 'CCD = MIN, 1.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 1.5nCK.
2. D)y n/m = data-in from column n and column m.
3. The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank
is BL/2.
4, DES commands are shown for ease of illustration; other commands may be valid at these times.

WRITE-to-WRITE Operations - Consecutive

Figure 58: Consecutive WRITE: *CCD = MIN + 1, 0.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 0.5nCK.
2. Dy n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 59: Consecutive WRITE: *CCD = MIN + 1, 1.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 1.5nCK.
2. D)y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 60: Consecutive WRITE: *CCD = MIN + 2, 0.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 0.5nCK.
2. D|y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 61: Consecutive WRITE: *CCD = MIN + 2, 1.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 1.5nCK.
2. D|y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 62: Consecutive WRITE: *CCD = MIN + 3, 0.5nCK Postamble
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Notes: 1. BL = 16, Write postamble = 0.5nCK.
2. D|y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 63: Consecutive WRITE: *CCD = MIN + 3, 1.5nCK Postamble
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AN
:2):
L
mmw@@@@

Command < WRITE X “CAs2

ﬁ DES DES WRITE1>< CASZ

*CCD = 11 0SS
WL =12
tWPRE ‘WPST
"—»
DQS_ PR e :
o W 000N cnonesolamm
l«—=|'DQS2DQ

ow A IR Y,

ahe @%%@’/I/[I////////I

Don’t Care

Notes: 1. BL = 16, Write postamble = 1.5nCK.
2. D|y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 64: Consecutive WRITE: *CCD = MIN + 4, 1.5nCK Postamble

T1I0 T11 T12 T13 T14 TI15

T24 T25 T26 T27 T29

T35 T36 T37 T38

/

| '
' '
' | '
s s

m Ew WRITE-1 X CAS2

‘cCb =12

Command< WRITE-1 X CAS-2

WL =12

DQS_c

pas ¢ AU
om AU

% Don't Care

Notes: 1. BL = 16, Write postamble = 1.5nCK.
2. D|y n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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PRECHARGE Operation

The PRECHARGE command is used to precharge or close a bank that has been activated. The
PRECHARGE command is initiated with CKE, CS, and CA[5:0] in the proper state (see Command Truth
Table). The PRECHARGE command can be used to precharge each bank independently or all banks
simultaneously. The all banks (AB) flag and the bank address bit are used to determine which bank(s)

to precharge. The precharged bank(s) will be available for subsequent row access ‘RPab after an

all-bank PRECHARGE command is issued, or ‘RPpb after a single-bank PRECHARGE command is
issued.

To ensure that the device can meet the instantaneous current demands, the row precharge time for an
all-bank PRECHARGE (‘RPab) is longer than the per-bank precharge time (‘RPpb).

Table 110: Precharge Bank Selection

AB (CA[5], R1) BA2 (CA[2], R2) BA1 (CA[1], R2) BAO (CA[0], R2) Precharged Bank

0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don't Care Don't Care Don't Care All banks

Burst READ Operation Followed by Precharge

The PRECHARGE command can be issued as early as BL/2 clock cycles after a READ command, but the
PRECHARGE command cannot be issued until after 'RAS is satisfied. A new bank ACTIVATE command

can be issued to the same bank after the row precharge time (‘RP) has elapsed. The minimum
read-to-precharge time must also satisfy a minimum analog time from the second rising clock edge of

the CAS-2 command. 'RTP begins BL/2 - 8 clock cycles after the READ command.
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Figure 65: Burst READ Followed by Precharge - BL16, Toggling Preamble, 0.5nCK Postamble

Tx  Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+1 Ty+2 Ty+3 Ty+4

CA[5:0] <Va||d ><Va||d ><Va||d ><Va||d ><Va||d2 8Va||d ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d2 ZValld ><Va||d ><Va||d ><Va||d ><Va|id >

RTP

Command < ‘READ—1‘ >< | CAS—Z‘ ><Va‘|id2 2 >< PRECHAR?E >< Valid >< Valid ><Va|id2 2 >< ACT-1 >< ACT-2 >
R ‘
om0 T (0)(0)«)(0) Q f

Valld

T
|
|
|
\
|
|
|
|
’
|

)

Transitioning Data Don’t Care

Figure 66: Burst READ Followed by Precharge - BL32, 2'CK, 0.5nCK Postamble

TO T1 T2 T3 T4 TS5 T10 T11 T12 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+1 Ty+2 Ty+3 Ty+4
CKC i o o I B o Lo R o R B o S
CK_t

cals] @@@WWW
Command < READ-1‘ >< ‘ CAS-2 >< ‘ Valid ‘

o | | | | | 1

DQS_c / ‘ ‘ / / ﬂ /‘

DQI15:0] 1 1 1 1 1 ‘ ‘
DMI[1:0] ‘ / ‘ ‘ : % V

Transitioning Data w Don't Care

Burst WRITE Followed by Precharge

A write recovery time ("WR) must be provided before a PRECHARGE command may be issued. This
delay is referenced from the next rising edge of CK after the last valid DQS clock of the burst.
Devices write data to the memory array in prefetch multiples (prefetch = 16). An internal WRITE oper-

ation can only begin after a prefetch group has been clocked; therefore, 'WR starts at the prefetch
boundaries. The minimum write-to-precharge time for commands to the same bank is WL + BL/2 + 1

+ RU(*'WR /'CK) clock cycles.
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Figure 67: Burst WRITE Followed by PRECHARGE - BL16, 2nCK Preamble, 0.5nCK Postamble

T0 T T2 T3 T4 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx45 Tx+6 Ta Ta+1 Ta+2 Tn Tn+1 Tn+2 Tn+3 Ty Ty+1 Ty+2 Ty+3 Ty+4
| | o _ | o o _ o ,\ o o _a _ o i o _ o i _ o sl -

RP

L T L L | [ | L T |
Commns (CATE )08 ) ()| (o (v (| e ) e v | X R ) R )
S T R T R T R P A A
S S H [ o WR R

DQSS(MAX) |

|
ST
|

L S

tDQ‘SZDQ |

«)@@

= TR Y

OO0, VZ T
~N
vald Transitioning Data Don’t Care

Auto Precharge

Before a newrow can be opened in an active bank, the active bank must be precharged using either the
PRECHARGE command or the auto precharge (AP) function. When a READ or a WRITE command is
issued to the device, the AP bit (CA5) can be set to enable the active bank to automatically begin
precharge at the earliest possible moment during the burst READ or WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, the normal READ or WRITE burst operation
is executed, and the bank remains active at the completion of the burst.

If AP is HIGH when the READ or WRITE command is issued, the auto PRECHARGE function is engaged.
This feature enables the PRECHARGE operation to be partially or completely hidden during burst
READ cycles (dependent upon READ or WRITE latency), thus improving system performance for
random data access.

Burst READ With Auto Precharge

If AP is HIGH when a READ command is issued, the READ with AUTO PRECHARGE function is
engaged. The devices start an AUTO PRECHARGE operation on the rising edge of the clock at BL/2 after
the second beat of the READ w/AP command, or BL/4 - 4 + RU('"RTP/'CK) clock cycles after the second
beat of the READ w/AP command, whichever is greater. Following an AUTO PRECHARGE operation,
an ACTIVATE command can be issued to the same bank if the following two conditions are both satis-
fied:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto precharge began,
and

2. The RAS cycle time (‘RC) from the previous bank activation has been satisfied.
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Figure 68: Burst READ With Auto Precharge - BL16, Non-Toggling Preamble, 0.5nCK Postamble

TO T1 T2 T3 T4 Tx  Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+1 Ty+2 Ty+3 Ty+4

CA[5:0] <Va|id ><Va|id ><Va|id ><Va||d ><Va||d2 ZValld ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d ><Va||d2 8Va|ld ><Va||d ><Va||d ><Va||d ><Va|id >

Command< Rfv’/*fi;" >< ‘CAS-Z ><Va‘lid22 >< Valid‘ >< Valid‘ >< valid ><Va|idN >< ‘ACT-1 >< ACT-2 >
5 T VT A W
omiral TR VT «)«)«)«)Q DOO

Valld

Transitioning Data Don’t Care

Figure 69: Burst READ With Auto Precharge - BL32, Toggling Preamble, 1.5nCK Postamble

TO T1 T2 T3 T4 TS5 T10 T11 T12 T13 T14 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Ty Ty+1 Ty+2 Ty+3 Ty+4
CKC i e o R T I I . L, el o R .
CK_t

Command< ‘READ-1‘ >< |

DQS_t
DQS_c ) ) ) ) )
F 7 QDO
C \(‘d J

Transitioning Data w Don't Care
Burst WRITE With Auto Precharge

If AP is HIGH when a WRITE command is issued, the WRITE with AUTO PRECHARGE function is
engaged. The device starts an auto precharge on the rising edge 'WR cycles after the completion of the
burst WRITE.

Following a WRITE with AUTO PRECHARGE, an ACTIVATE command can be issued to the same bank
if the following conditions are met:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto precharge began,
and

2. The RAS cycle time (‘RC) from the previous bank activation has been satisfied.
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Figure 70: Burst WRITE With Auto Precharge - BL16, 2nCK Preamble, 0.5nCK Postamble

T0 T1 T2 T3 T4 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx4+5 Tx+6 Ta Ta+1 Ta+2 Tn Tn+1 Tn+2 Tn+3 Ty Ty+1 Ty+2 Ty+3 Ty+4
| ,\ _ | o _ _ o ,\ o o _a _ o o o _ o o o o sl -

Command< jWRITE-j1 >< jCAS-Zj @EX jVaIid >< jVaIidj >< jvandj N jVaIid mwﬂ jAcmj >< jACT—Z >

S I S0 X5 AN X A TR
VY 000QDO0O0R 1Z/IIINY

e

Valid Transitioning Data Don't Care

Table 111: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable

Minimum Delay Between

From Command To Command "From Command" and "To Command" Unit Notes
READ PRECHARGE tRTP tck 1,6
BL=16 (to same bank as READ)

PRECHARGE ALL tRTP tck 1,6
READ PRECHARGE 8tcK + RTP tck 1,6
BL =32 (to same bank as READ)

PRECHARGE ALL 8tCK + RTP tek 1,6
READ w/AP PRECHARGE nRTP tck 1, 10
BL=16 (to same bank as READ w/AP)

PRECHARGE ALL nRTP tck 1, 10

ACTIVATE nRTP + tRPpb tck 1,8, 10

(to same bank as READ w/AP)

WRITE or WRITE w/AP Illegal -

(same bank)

MASK-WR or MASK-WR w/AP lllegal -

(same bank)

WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 tck | 345

(different bank) + RD('RPST) - WL + 'WPRE

MASK-WR or MASK-WR w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 tck | 345

(different bank) +RD('RPST) - WL + 'WPRE

READ or READ w/AP Illegal -

(same bank)

READ or READ w/AP BL/2 tcK 3

(different bank)
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Minimum Delay Between

(different bank)

From Command To Command "From Command" and "To Command" Unit Notes
READ W/AP PRECHARGE 8tCK + nRTP tck 1,10
BL=32 (to same bank as READ w/AP)

PRECHARGE ALL 8tCK + nRTP tck 1,10

ACTIVATE 8'CK + nRTP + 'RPpb tck | 1.810

(to same bank as READ w/AP)

WRITE or WRITE w/AP Illegal -

(same bank)

MASK-WR or MASK-WR w/AP Illegal -

(same bank)

WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 tck | 345

(different bank) +RD('RPST) - WL + 'WPRE

MASK-WR or MASK-WR w/AP RL + RU("DQSCK(MAX)/'CK) + BL/2 tck | 345

(different bank) + RD('RPST) - WL + 'WPRE

READ or READ w/AP Illegal -

(same bank)

READ or READ w/AP BL/2 tck 3

(different bank)
WRITE PRECHARGE WL + BL/2 + "WR + 1 tck 1,7
BL =16 and 32 (to same bank as WRITE)

PRECHARGE ALL WL + BL/2 + '"WR + 1 tck 1,7
MASK-WR PRECHARGE WL + BL/2 + "WR + 1 tck 1,7
BL=16 (to same bank as MASK-WR)

PRECHARGE ALL WL + BL/2 + '"WR + 1 tck 1,7
WRITE w/AP PRECHARGE WL + BL/2 + nWR + 1 tck 1, 11
BL=16 and 32 (to same bank as WRITE w/AP)

PRECHARGE ALL WL + BL/2 + nWR + 1 tck 1, 11

ACTIVATE WL + BL/2 + "WR + 1 + "RPpb tek [ 1.8 11

(to same bank as WRITE w/AP)

WRITE or WRITE w/AP Illegal -

(same bank)

READ or READ w/AP Illegal -

(same bank)

WRITE or WRITE w/AP BL/2 tck 3

(different bank)

MASK-WR or MASK-WR w/AP BL/2 tck 3

(different bank)

READ or READ w/AP WL + BL/2 + "WTR + 1 tck 3,9
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Table 111: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable

Minimum Delay Between
From Command To Command "From Command" and "To Command" Unit Notes
MASK-WR w/AP PRECHARGE WL + BL/2 + nWR +1 tck 1, 11
BL=16 (to same bank as MASK-WR
w/AP)
PRECHARGE ALL WL + BL/2 + nWR + 1 tck 1, 11
ACTIVATE WL + BL/2 + nWR + 1 + 'RPpb tck | 1.8
(to same bank as MASK-WR
w/AP)
WRITE or WRITE w/AP Illegal - 3
(same bank)
MASK-WR or MASK-WR w/AP lllegal - 3
(same bank)
WRITE or WRITE w/AP BL/2 tck 3
(different bank)
MASK-WR or MASK-WR w/AP BL/2 tck 3
(different bank)
READ or READ w/AP Illegal - 3
(same bank)
READ or READ w/AP WL + BL/2 + "WTR + 1 tck 3,9
(different bank)
PRECHARGE PRECHARGE 4 tck 1
(to same bank as PRECHARGE)
PRECHARGE ALL 4 teK 1
PRECHARGE ALL PRECHARGE 4 tck 1
PRECHARGE ALL 4 tck 1

Notes: 1. For a given bank, the precharge period should be counted from the latest PRECHARGE command, whether

per-bank or all-bank, issued to that bank. The precharge period is satisfied 'RP after that latest PRECHARGE
command.

2. Any command issued during the minimum delay time as specified in the table above is illegal.

3. After READ w/AP, seamless READ operations to different banks are supported. After WRITE w/AP or MASK-WR
W/AP, seamless WRITE operations to different banks are supported. READ, WRITE, and MASK-WR operations may
not be truncated or interrupted.

4. 'RPST values depend on MR1 OP[7] respectively.

5. "WPRE values depend on MR1 OP[2] respectively.
Minimum delay between "from command" and “to command" in clock cycle is calculated by dividing 'RTP (in ns)
by 'CK (in ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(‘RTP [ns]/*CK [ns]).

7. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing *WR (in ns)
by 'CK (in ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(®WR [ns]/tCK [ns]).

8. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing 'RPpb (in ns)
by tCK (in ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(tRPpb [ns]/tCK [ns]).

9. Minimum delay between "from command" and “to command" in clock cycle is calculated by dividing *WTR (in ns)

by 'CK (in ns) and rounding up to the next integer: Minimum delay [cycles] = roundup("WTR [ns]/*CK [ns]).
10. For READ w/AP the value is nRTP, which is defined in mode register 2.
11. For WRITE w/AP the value is nWR, which is defined in mode register 1.
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Table 112: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Enable

Minimum Delay Between

From Command |To Command "From Command" and "To Command" Unit Notes
READ w/AP WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/tCK) + BL/2 tck 2,3
BL =16 (different bank) + RD(RPST) - ODTLon - RD(*ODTon(MIN)/CK) + 1
MASK-WR or MASK-WR w/AP RL + RU('DQSCK(MAX)/CK) + BL/2 tck 2,3
(different bank) + RD('RPST) - ODTLon - RD(*ODTon(MIN)/'CK) + 1
READ w/AP WRITE or WRITE w/AP RL + RU(DQSCK(MAX)/ECK) + BL/2 tcK 2,3
BL=32 (different bank)

+ RD('RPST) - ODTLon - RD(*'ODTon(MIN)/'CK) + 1

MASK-WR or MASK-WR w/AP RL + RU('DQSCK(MAX)/CK) + BL/2 tcK 2,3
(different bank) + RD(tRPST) - ODTLon - RD(tODTon(MIN)/CK) + 1

Notes: 1. The rest of the timing about PRECHARGE and AUTO PRECHARGE is same as DQ ODT is disable case.
2. After READ w/AP, seamless read operations to different banks are supported. READ, WRITE, and MASK-WR oper-
ations may not be truncated or interrupted.

3. 'RPST values depend on MR1 OP[7] respectively.

RAS Lock Function

READ with AUTO PRECHARGE or WRITE/MASK WRITE with AUTO PRECHARGE commands may be
issued after 'RCD has been satisfied. The LPDDR4 SDRAM RAS lockout feature will schedule the

internal precharge to assure that 'RAS is satisfied. ‘RC needs to be satisfied prior to issuing subsequent
ACTIVATE commands to the same bank.

The figure below shows example of RAS lock function.

Figure 71: Command Input Timing with RAS Lock

T T T2 T3 T4 T19 T20 T21 T2 T23 T24 T25 T31 T32
CK_c--\ - - - - - - - - - - -
! '

CK_t

T47 T48 Ta0 Tal Ta2 Ta3 Tad Ta5

Don’t Care

Notes: 1. 'CK (AVG) = 0.938ns, Data rate = 2133 Mb/s, 'RCD(MIN) = MAX(18ns, 4nCK), 'RAS(MIN) = MAX(42ns, 3nCK), nRTP
= 8nCK, BL = 32.

2. 'RCD =20nCK comes from roundup(18ns/0.938ns).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Delay Time From WRITE-to-READ with Auto Precharge

In the case of WRITE command followed by READ with AUTO PRECHARGE, controller must satisfy
'WR for the WRITE command before initiating the device internal auto-precharge. It means that ‘WTR
+ nRTP) should be equal or longer than (‘WR) when BL setting is 16, as well as ("WTR + nRTP + 8nCK)
should be equal or longer than (‘WR) when BL setting is 32. Refer to the following figure for details.

Figure 72: Delay Time From WRITE-to-READ with Auto Precharge

TO T T2 T3 T4 Ta0 Tal Ta2  ThO Tb1 Tb2 Tb3  TcO Tc1 T2 T3 Tc4 T¢5 Tc6  Tdo  Td1  Td2 Td3 Td4
- - - - .- - - N - - -\ .- - - - - -\ f-

| WR
| |

Don't Care

Notes: 1. Burst length at read = 16.
2. DES commands are shown for ease of illustration; other commands may be valid at these times.

REFRESH Command

The REFRESH command is initiated with CS HIGH, CA0 LOW, CA1 LOW, CA2 LOW, CA3 HIGH and
CA4LOW at the first rising edge of clock. Per-bank REFRESH is initiated with CA5 LOW at the first rising
edge of the clock. The all-bank REFRESH is initiated with CA5 HIGH at the first rising edge of clock.

A per-bank REFRESH command (REFpb) is performed to the bank address as transferred on CA0, CA1,
and CA2 on the second rising edge of the clock. Bank address BAO is transferred on CA0, bank address
BA1l is transferred on CAl, and bank address BA2 is transferred on CA2. A per-bank REFRESH
command (REFpb) to the eight banks can be issued in any order. For example, REFpb commands may
be issued in the following order: 1-3-0-2-4-7-5-6. After the eight banks have been refreshed using the
per-bank REFRESH command, the controller can send another set of per-bank REFRESH commands
in the same order or a different order. One possible order can be a sequential round robin:
0-1-2-3-4-5-6-7. It is illegal to send a per-bank REFRESH command to the same bank unless all eight
banks have been refreshed using the per-bank REFRESH command. The count of eight REFpb
commands starts with the first REFpb command after a synchronization event.

The bank count is synchronized between the controller and the device by resetting the bank count to
zero. Synchronization can occur upon reset procedure or at every exit from self refresh. The REFab
command also synchronizes the counter between the controller and the device to zero. The device can
be placed in self refresh, or a REFab command can be issued at any time without cycling through all
eight banks using per-bank REFRESH command. After the bank count is synchronized to zero, the
controller can issue per-bank REFRESH commands in any order, as described above.

A REFab command issued when the bank counter is not zero will reset the bank counter to zero and
the device will perform refreshes to all banks as indicated by the row counter. If another REFRESH
command (REFab or REFpb) is issued after the REFab command then it uses an incremented value of
the row counter.
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The table below shows examples of both bank and refresh counter increment behavior.

Table 113: Bank and Refresh Counter Increment Behavior

Refresh Bank Ref. Counter #
Command BA2 BA1 BAO Bank # Counter # (Row Address #)
0 Reset, SRX, or REFab To O -
1 REFpb 0 0 0 0 Oto1 n
2 REFpb 0 0 1 1 1to2
3 REFpb 0 1 0 2 2to3
4 REFpb 0 1 1 3 3to4
5 REFpb 1 0 0 4 4t05
6 REFpb 1 0 1 5 5to6
7 REFpb 1 1 0 6 6to7
8 REFpb 1 1 1 7 7to00
9 REFpb 1 1 0 6 Oto1 n+1
10 REFpb 1 1 1 7 1to2
11 REFpb 0 0 1 1 2t03
12 REFpb 0 1 1 3 3to4
13 REFpb 1 0 1 5 4105
14 REFpb 0 1 0 2 510 6
15 REFpb 0 0 0 0 6to7
16 REFpb 1 0 0 4 7to0
17 REFpb 0 0 0 0 Oto1 n+2
18 REFpb 0 0 1 1 1to02
19 REFpb 0 1 0 2 2to3
20 REFab v v v Oto7 To 0 n+2
21 REFpb 1 1 0 6 Oto1 n+3
22 REFpb 1 1 1 7 1to2
Snip
A bank must be idle before it can be refreshed. The controller must track the bank being refreshed by
the per-bank REFRESH command.
The REFpb command must not be issued to the device until the following conditions have been met:
« 'RFCab has been satisfied after the prior REFab command
 'RFCpb has been satisfied after the prior REFpb command
« 'RP has been satisfied after the prior PRECHARGE command to that bank
* 'RRD has been satisfied after the prior ACTIVATE command (for example, after activating a row in a
different bank than the one affected by the REFpb command)
The target bank is inaccessible during per-bank REFRESH cycle time (‘RFCpb). However, other banks
within the device are accessible and can be addressed during the cycle. During the REFpb operation,
any of the banks other than the one being refreshed can be maintained in an active state or accessed
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by a READ or a WRITE command. When the per-bank REFRESH cycle has completed, the affected bank
will be in the idle state.

After issuing REFpb, the following conditions must be met:

 'RFCpb must be satisfied before issuing a REFab command

« 'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank
« 'RRD must be satisfied before issuing an ACTIVATE command to a different bank

 'RFCpb must be satisfied before issuing another REFpb command

An all-bank REFRESH command (REFab) issues a REFRESH command to every bank in a channel. All
banks must be idle when REFab is issued (for example, by issuing a PRECHARGE ALL command prior
to issuing an all-bank REFRESH command). The REFab command must not be issued to the device
until the following conditions have been met:

« 'RFCab has been satisfied following the prior REFab command

 'RFCpb has been satisfied following the prior REFpb command

« 'RP has been satisfied following the prior PRECHARGE command

When an all-bank REFRESH cycle has completed, all banks will be idle. After issuing REFab:

* RFCab latency must be satisfied before issuing an ACTIVATE command,
» RFCab latency must be satisfied before issuing a REFab or REFpb command

Table 114: REFRESH Command Timing Constraints

Minimum
Symbol Delay From... To Notes
tRFCab REFab REFab
ACTIVATE command to any bank
REFpb
tRFCpb REFpb REFab
ACTIVATE command to same bank as REFpb
REFpb
tRRD REFpb ACTIVATE command to a different bank than REFpb
ACTIVATE REFpb 1
ACTIVATE command to a different bank than the prior ACTIVATE command

Notes: 1. A bank must be in the idle state before it is refreshed; therefore, REFab is prohibited following an ACTIVATE
command. REFpb is supported only if it affects a bank that is in the idle state.
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Figure 73: All-Bank REFRESH Operation
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Figure 74: Per-Bank REFRESH Operation
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Notes: 1. In the beginning of this example, the REFpb bank is pointing to bank 0.
2. Operations to banks other than the bank being refreshed are supported during the 'RFCpb period.

In general, a REFRESH command needs to be issued to the device regularly every ‘REFI interval. To
allow for improved efficiency in scheduling and switching between tasks, some flexibility in the abso-
lute refresh interval is provided. A maximum of eight REFRESH commands can be postponed during
operation of the device, but at no point in time are more than a total of eight REFRESH commands
allowed to be postponed. And a maximum number of pulled-in or postponed REF command is depen-
dentonrefreshrate. Itis described in the table below. In the case where eight REFRESH commands are
postponed in a row, the resulting maximum interval between the surrounding REFRESH commands is

limited to 9 x 'REFI. A maximum of eight additional REFRESH commands can be issued in advance
(pulled in), with each one reducing the number of regular REFRESH commands required later by one.
Note that pulling in more than eight REFRESH commands in advance does not reduce the number of
regular REFRESH commands required later; therefore, the resulting maximum interval between two
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surrounding REFRESH commands is limited to 9 x 'REFI. At any given time, a maximum of 16
REFRESH commands can be issued within 2 x ‘REFI.

Self refresh mode may be entered with a maximum of eight REFRESH commands being postponed.
After exiting self refresh mode with one or more REFRESH commands postponed, additional REFRESH
commands may be postponed to the extent that the total number of postponed REFRESH commands
(before and after self refresh) will never exceed eight. During self refresh mode, the number of post-

poned or pulled-in REFRESH commands does not change.

And for per-bank refresh, a maximum of 8 x 8 per-bank REFRESH commands can be postponed or
pulled in for scheduling efficiency. At any given time, a maximum of 2 x 8 x 8 per-bank REFRESH

commands can be issued within 2 x ‘REFI.

Table 115: Legacy REFRESH Command Timing Constraints

Max. No. of Max. Interval
MR4 pulled-in or between Max. No. of
OP[2:0] Refresh rate postponed REFab two REFab REFab' Per-bank REFRESH

000b Low temp. limit N/A N/A N/A N/A
001b 4 x REFI 8 9 x 4 x 'REFI 16 1/8 of REFab
010b 2 x 'REFI 8 9 x 2 x 'REFI 16 1/8 of REFab
011b 1 x REFI 8 9 x 'REFI 16 1/8 of REFab
100b 0.5 x tREFI 8 9 x 0.5 x 'REFI 16 1/8 of REFab
101b 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
110b 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
111b High temp. limit N/A N/A N/A N/A

Notes: 1. Maximum number of REFab within MAX(2 x 'REFI x refresh rate multiplier, 16 x RFC).

Table 116: Modified REFRESH Command Timing Constraints

Max. No. of Max. Interval
MR4 Pulled-in or between Max. No. of
OP[2:0] Refresh Rate Postponed REFab Two REFab REFab' Per-bank REFRESH

000B Low temp. limit N/A N/A N/A N/A
001B 4 x 'REFI 2 3 x 4 x REFI 4 1/8 of REFab
010B 2 x REFI 4 5 x 2 x 'REFI 8 1/8 of REFab
011B 1 x 'REFI 8 9 x 'REFI 16 1/8 of REFab
100B 0.5 x 'REFI 8 9 x 0.5 x REFI 16 1/8 of REFab
1018 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
110B 0.25 x tREFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
111B High temp. limit N/A N/A N/A N/A

Notes: 1. For any thermal transition phase where refresh mode is transitioned to either 2 x 'REFI or 4 x 'REFI, LPDDR4 devices
will support the previous postponed refresh requirement provided the number of postponed refreshes is mono-
tonically reduced to meet the new requirement. However, the pulled-in REFRESH commands in the previous

thermal phase are not applied in the new thermal phase. Entering a new thermal phase, the controller must count
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the number of pulled-in REFRESH commands as zero, regardless of the number of remaining pulled-in REFRESH
commands in the previous thermal phase.

LPDDR4 devices are refreshed properly if the memory controller issues REFRESH commands with same or shorter
refresh period than reported by MR4 OP[2:0]. If a shorter refresh period is applied, the corresponding require-
ments from this table apply. For example, when MR4 OP[2:0] = 001b, the controller can be in any refresh rate from

4 x 'REFI to 0.25 x 'REFI. When MR4 OP[2:0] = 010b, the only prohibited refresh rate is 4 x 'REFI.

Figure 75: Postponing REFRESH Commands (Example)

A

\i

>t

[ B\ LT
/]
tRFC

%/_)

8 REFRESH commands postponed
Figure 76: Pulling in REFRESH Commands (Example)
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Burst READ Operation Followed by Per-Bank Refresh

Figure 77: Burst READ Operation Followed by Per-Bank Refresh
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Notes: 1. The per-bank REFRESH command can be issued after 'RTP + 'RPpb from READ command.
BL = 16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.

Doyt n = data-out from column n.

In the case of BL = 32, delay time from read to per-bank precharge is 8nCK + RTP.
DES commands are shown for ease of illustration; other commands may be valid at these times.

I NI
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Figure 78: Burst READ With AUTO PRECHARGE Operation Followed by Per-Bank Refresh
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Notes: 1. BL = 16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
2. Doyt n = data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. 'RC needs to be satisfied prior to issuing a subsequent per-bank REFRESH command.

Refresh Requirement

Between the SRX command and SRE command, at least one extra REFRESH command is required.

After the SELF REFRESH EXIT command, in addition to the normal REFRESH command at ‘REFI
interval, the device requires a minimum of one extra REFRESH command prior to the SELF REFRESH
ENTRY command.

Table 117: Refresh Requirement Parameters

Density (per channel)

Parameter Symbol | 2Gb 3Gb 4Gb | 6Gb | 8Gb | 12Gb | 16Gb | Unit
Number of banks per channel - 8 -
Refresh window (‘REFW): tREFW 32 ms
(1 x Refresh)3

Required number of REFRESH R 8192 -
commands in 'REFW window

Average refreshinterval | REFab tREFI 3.904 15
(1 x Refresh)3 REFpb | tREFIpb 488 ns
REFRESH cycle time (all banks) tRFCab 130 180 280 380 ns
REFRESH cycle time (per bank) tRFCpb 60 90 140 190 ns
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Table 117: Refresh Requirement Parameters (Continued)

Density (per channel)
Parameter Symbol | 2Gb 3Gb \ 4Gb 6Gb \ 8Gb 12Gb | 16Gb | Unit

Per bank refresh to per bank tPBR2PBR 60 90 90 90 ns
refresh time (different bank)

Notes: 1. Refresh for each channel is independent of the other channel on the die, or other channels in a package. Power
delivery in the user’s system should be verified to make sure the DC operating conditions are maintained when
multiple channels are refreshed simultaneously.

2. Self refresh abort feature is available for higher density devices starting with 6Gb density per channel device and
t™XSR_abort(MIN) is defined as tRFCpb + 17.5ns.
3. Refer to MR4 OP[2:0] for detailed refresh rate and its multipliers.

Refresh Management Command

Refresh Management Command Definition

Periods of high LPDDR4 SDRAM activity may require additional REFRESH commands to protect the
integrity of the device data. The devices that require additional activity based refreshes include support
for an activation-based REFRESH MANAGEMENT (RFM) command. The device will indicate the
requirement for additional refresh management (RFM) by setting read-only MR24 opcode bit 0. OP[0]
=0 indicates no additional refresh management is needed beyond the requirement in the Refresh
section of the specification. However, specific attempts to bypass the on-die circuitry designed to
protect data integrity may result in data disturb. OP[0] = 1 indicates additional refresh management is
required.

A suggested implementation of refresh management by the controller monitors ACT commands
issued per bank to the device. This activity can be monitored as a rolling accumulated ACT (RAA)
count. Each ACT command increments the RAA count by one for the individual bank receiving the ACT
command.

When the RAA counter reaches a DRAM vendor-specified initial management threshold (RAAIMT),
which is set by the DRAM vendor in the read-only MR24 opcode bits 5:1, additional LPDRAM refresh
management may be required. Executing the RFM command allows additional time for the LPDRAM
to manage refresh internally. The RFM operation can be initiated to all banks on the LPDRAM with the
RFMab command, or to a single bank with the REFMpb command.

The RFM command bits are the same as the REF command, except for CA3. If the refresh management
required bit is 0 (MR24 OP[0] = 0), the state of CA3 is ignored. If the refresh management required bit
is 1 (MR24 OP[0] = 1), CA3 =L executes the REF command and CA3 = H executes an RFMab command
if CA5 = H or an RFMpb command if CA5 = L.

Table 118: REFRESH Command With RFM

SDR Command/Address Pins
Command CS CAO0 CA1 CA2 CA3 CA4 CA5 CK Edge
REFRESH H L L L H L AB R1
BAO BA1 BA2 RFM \Y \Y R2

Notes: 1. CA3 R2 edge is V when RFM is not required, but becomes RFM when read-only MR24 OP[0] = 1b.
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2. lIssuing the RFMpb or RFMab command allows the device to use the command period for additional refresh
management.

Table 119: Refresh Management Parameters

Refresh Density per channel
Requirements Symbol 2Gb | 3Gb | 4Gb | 6Gb | 8Gb | 12Gb | 16Gb | 24Gb | 32Gb | Units

Refresh management tRFMab TBD TBD TBD TBD 210 280 280 TBD TBD ns
cycle time — all bank

Refresh management ‘RFMpb TBD TBD TBD TBD 170 190 190 TBD TBD ns
cycle time — per bank

When an RFM command is issued to the device, the RAA counter in any bank receiving the command
can be decremented. The decrease in RAA count for an RFM command is determined by the RAAIMT
multiplier value RAADEC, set by MR36 OP[1:0]. Issuing a RFMab command allows the RAA count in all
banks to be decremented by the RAAIMT multiplied by the RAADEC value. Issuing an REMpb
command with BA[2:0] allows the RAA count only for the bank specified by BA[2:0] to be decremented
by RAAIMT x RAADEC.

The RAA counter can only be decremented to a minimum RAA value of 0. No negative RAA value or
pull-in of RFM command is allowed.

RFM commands are allowed to accumulate or postpone, but the RAA counter should never exceed the
vendor-specified RAA maximum management threshold (RAAMMT), which is determined by multi-
plying the RAAIMT value by the RAAMULT value set by the DRAM vendor in read-only MR24 OP[7:6].
If the RAA counter for a bank reaches RAAMMT, no additional ACT commands are allowed to that
LPDRAM bank until one or more REF or RFM commands have been issued to reduce the RAA counter
below the maximum value.

RFM command scheduling should meet the same minimum separation requirements as those for the
REF command.

An RFM command does not replace the requirement for the controller to issue periodic REF
commands to the LPDRAM. The RFM commands are supplemental time for the LPDRAM to manage
refresh internally. Issuing an REF command allows the RAA counter to be decremented by RAAIMT for
the bank or banks being refreshed. Hence, any periodic REF command issued to the LPDRAM allows
the RAA counter of the banks being refreshed to be decremented by the RAAIMT value. This would
nominally occur once every effective refresh interval ‘REFIe, which is the average REFRESH command
interval currently being supplied to the SDRAM. This ‘REFIe must be equal to or less than the MR4
OP[4:0] RM x3.906ps. Issuing a REFab command allows the RAA count in all banks to be decremented.
Issuing an REFpb command with a bank address allows the RAA count only with that bank address to
be decremented. No decrement to the RAA count values is allowed for entering/exiting self refresh. The
per-bank count values prior to entering self refresh will be the same upon exiting self refresh.

Issuing an RFM command also allows decrementing of the RAA counter.

Devices which require refresh management may not require RFM at every refresh rate multiplier. The
refresh management threshold value RFMTH defines an effective refresh interval (‘REFIe) above which

refresh management is required. RFMTH is determined by the equation: REMTH = RAAIMT x ‘RC
absolute minmum.

Maximum interval between two REFab without RFM requirement is defined with following formula

'REFIe < REMTH. When RFMTH is longer than ‘RFEIe Interval between two REFab defined in the
REFRESH Command Timing Constraints table, no RFM command is required even using maximum
pull-in and postpone.
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Operation at any refresh rate slower (i.e. longer ‘REFIe) than that indicated by REMTH requires RFM
to ensure integrity of data stored in the LPDRAM. Operation at the 'REFIe indicated by RFMTH, or

operation at any higher refresh rate (thatis, shorter 'REFIe), is exempt from RFM requirements, regard-
less of any RAA count value.

Refresh Management Operation Examples

Following are some operation examples to aid in understanding of the REFRESH MANAGEMENT
function. Values shown are hypothetical and may not represent values from any actual device design
now or in the future.

Table 120: RFM Operation Example (One Bank)

Current Device

Device-Specific RFM Requirements State
RAAIMT | RAAMULT | RAADEC RFMTH 'REFle RAA Operating Requirements
160 4x 2X 9600ns 7.8us 120 No additional commands required, RAA < RAA-
(160 x 60ns) IMT and 'REFle < RFMTH

160 4x 2x 9600ns 7.8us 500 No additional commands required, 'REFle <
RFMTH

160 4x 2x 9600ns 15.6ps 120 No additional commands required, RAA < RAA-
IMT

160 4ax 2x 9600ns 15.6ps 500 No additional commands required immediately
since RAA < RAAMMT, but RAA is approaching
RAAMMT so one or more RFM commands to this
bank are recommended to prevent interruption
of operation

160 4ax 2x 9600ns 15.6ps 640 RFM or REF command to this bank required
before any ACTIVATE command to this bank,
since RAA = RAAMMT. Issuing one RFMpb or
RFMab command reduces RAA to 320 since RAA-
DEC = 2x. Issuing one REFpb or REFab command
reduces RAA to 480.

120 4x 1.5x 7200ns 7.8us 480 RFM or REF command to this bank required

before any ACTIVATE command to this bank,
since RAA = RAAMMT. Issuing one RFMpb or
RFMab command reduces RAA to 300 since RAA-
DEC = 1.5x. Issuing one REFpb or REFab com-
mand reduces RAA to 360.

SELF REFRESH Operation

Self Refresh Entry and Exit

The SELF REFRESH command can be used to retain data in the device without external REFRESH
commands. The device has a built-in timer to accommodate SELF REFRESH operation. Self refresh is
entered by the SELF REFRESH ENTRY command defined by having CS HIGH, CA0 LOW, CA1 LOW,
CA2 LOW, CA3 HIGH, CA4 HIGH, and CA5 valid (valid meaning that it is at a logic level HIGH or LOW)
for the first rising edge, and CS LOW, CAO0 valid, CA1 valid, CA2 valid, CA3 valid, CA4 valid, and CA5
valid at the second rising edge of clock. The SELF REFRESH command is only allowed when READ
DATA burst is completed and the device is in the idle state.
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During self refresh mode, external clock input is needed and all input pins of the device are activated.
The device can accept the following commands: MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2,
except PASR bank/segment mask setting and SR abort setting.

The device can operate in self refresh mode within the standard and elevated temperature ranges. It
also manages self refresh power consumption when the operating temperature changes: lower at low
temperatures and higher at high temperatures.

For proper SELF REFRESH operation, power supply pins (Vppy, Vppy, and Vppg) must be at valid

levels. Vppq can be turned off during self refresh with power-down after 'CKELCK is satisfied. (Refer to
the Self Refresh Entry/Exit Timing with Power-Down Entry/Exit figure.) Prior to exiting self refresh
with power-down, Vppq must be within specified limits. The minimum time that the device must
remain in self refresh mode is 'SR(MIN). After self refresh exit is registered, only MRR-1, CAS-2, DES,
MPC, MRW-1, and MRW-2 except PASR bank/segment mask setting and SR abort setting are allowed
until 'XSR is satisfied.

The use of self refresh mode introduces the possibility that an internally timed refresh event can be
missed when self refresh exit is registered. Upon exit from self refresh, it is required that at least one

REFRESH command (8 per-bank or 1 all-bank) is issued before entry into a subsequent self refresh.
This REFRESH command is not included in the count of regular REFRESH commands required by the

'REFI interval, and does not modify the postponed or pulled-in refresh counts; the REFRESH
command does count toward the maximum refreshes permitted within 2 x ‘REFI.

Figure 79: Self Refresh Entry/Exit Timing
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Notes: 1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/segment mask setting and SR
abort setting) are allowed during self refresh.
2. DES commands are shown for ease of illustration; other commands may be valid at these times.

Power-Down Entry and Exit During Self Refresh

Entering/exiting power-down mode is allowed during self refresh mode. The related timing parame-
ters between self refresh entry/exit and power-down entry/exit are shown below.
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Figure 80: Self Refresh Entry/Exit Timing with Power-Down Entry/Exit
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MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/segment mask setting and SR

abort setting) are allowed during self refresh.

2. Input clock frequency can be changed, or the input clock can be stopped, or floated after *CKELCK satisfied and
during power-down, provided that upon exiting power-down, the clock is stable and within specified limits for a
minimum of *CKCKEH of stable clock prior to power-down exit and the clock frequency is between the minimum
and maximum specified frequency for the speed grade in use.

3. Two clock command for example.

Notes: 1.

Command Input Timing After Power-Down Exit

Command input timings after power-down exit during self refresh mode are shown below.

Figure 81: Command Input Timings after Power-Down Exit During Self Refresh
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CK_c '-\J r- r-\} [N // - r-\: r -: r - :I‘ 'r=
CK_t (. AN " NS Y

| | | : 1

| | 1 L CKELK | CKCKEH : |

: : AN pare T L

| | | l 1 | | | ! | | | |
e e gg‘ g{i T ;7‘ N ;gﬂg ‘gg‘

| | | *CSCKE |*CKELCS 1 | | 3 | *CSCKEH | ‘CKEHCS | |

I ] | | I

o NN E T )

" EREDED V N AV W Y AU

Command < T X Anycommar?d X@Q V /{V 4 W d @y 4 V 4 a< DES DES X Aoy command >.

Enter self refresh

I
Don't Care
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Notes: 1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/segment setting) are allowed
during self refresh.

2. Input clock frequency can be changed or the input clock can be stopped or floated after 'CKELCK satisfied and
during power-down, provided that upon exiting power-down, the clock is stable and within specified limits for a

minimum of *CKCKEH of stable clock prior to power-down exit and the clock frequency is between the minimum
and maximum specified frequency for the speed grade in use.
3. Two clock command for example.

Self Refresh Abort

If MR4 OP|[3] is enabled, the device aborts any ongoing refresh during self refresh exit and does not
increment the internal refresh counter. The controller can issue a valid command after a delay of

XSR_abort instead of *XSR.
The value of XXSR_abort(MIN) is defined as tRFCpb +17.5ns.

Upon exit from self refresh mode, the device requires a minimum of one extra refresh (eight per bank
or one for the entire bank) before entering a subsequent self refresh mode. This requirement remains
the same irrespective of the setting of the MR bit for self refresh abort.

Self refresh abort feature is valid for 6Gb density per channel and larger densities only.

MRR, MRW, MPC Commands During *XSR, RFC

MODE REGISTER READ (MRR), MULTI PURPOSE (MPC), and MODE REGISTER WRITE (MRW)

command except PASR bank/segment mask setting and SR abort setting can be issued during 'XSR
period.

Figure 82: MRR, MRW, and MPC Commands Issuing Timing During *XSR

TO T1 T2 T3 T4 T5 T6 T7 Ta0 Tal Ta2 Ta3 Tad4 Ta5 Ta6 ThO Th1 Tb2 Tb3 Tb4 Tb5
CK_c--,

CK_t

1= 1= 1= 1=

CKE

—~—
—
—~—

CS "H" for case 2 2

I ANEEVANS I LAVANEEVA /| /\
A { Nvatisp\alidpvalivalic 7707701/, ¢/ Nelelaielatdeaidy 777777 (/K0 )NaioNeis /7

‘MRD Note 2
Cc()mman)d SRX X(Zc,ocw;gmand) @ VRW X MRW2 @@ oy comnand X0//////,
Case 1
‘MRD Note 2
Command (DESX  SRX  Wipuud PG CAS2 EX WRW X MRW2 Anycommand Y
ase

XSR

Don't Care

Notes: 1. MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is allowed during t™XSR period.
2. "Any command" includes MRR, MRW, and all MPC commands.
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MRR, MRW, and MPC can be issued during ‘RFC period.

Figure 83: MRR, MRW, and MPC Commands Issuing Timing During ‘RFC

TO T1 T2 T3 T4 T5 T6 T7 Ta0 Tal Ta2 Ta3 Tad4 Ta5 Ta6 TbO Tb1 Tb2 Tb3 Th4 Tb5
K c--,
CK_t

CKE 8 8
CS "H" for case 2

I ANV ANS B CARVANEEVA /! /\
A Nl atelatdh\ali777)77/X(//], {7/ )teaidy\eiddaie 777X (/K eis\eidy 7

- "MRD » Note3
C<()mman)d (DEs YReFall bankX(Z(,ocMEgmand) @ WRI- X MR Anycommand X
Case 1
‘MRD » Note3

Command ( DES REF all bank ol g CAS2 @( wRw1 ) MRW-Z‘ Anycommand X

(Case 2)
tRFCab Note?2

///] Don't Care

Notes: 1. MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is allowed during 'RFCab or

'RFCpb period.
2. REFRESH cycle time depends on REFRESH command. In the case of per bank REFRESH command issued, REFRESH

cycle time will be *RFCpb.
3. "Any command" includes MRR, MRW, and all MPC commands.
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Power-Down Mode

Power-Down Entry and Exit

Power-down is asynchronously entered when CKE is driven LOW. CKE must not go LOW while the
following operations are in progress:

* Mode register read

* Mode register write

* Read

* Write

* VRgp(ca) range and value setting via MRW

* VRerpQ) range and value setting via MRW

* Command bus training mode entering/exiting via MRW
* VRCG HIGH current mode entering/exiting via MRW

CKE can go LOW while any other operations such as row activation, precharge, auto precharge, or
refresh are in progress. The power-down Iy specification will not be applied until such operations are

complete. Power-down entry and exit are shown below.
Entering power-down deactivates the input and output buffers, excluding CKE and RESET _n. To

ensure that there is enough time to account for internal delay on the CKE signal path, CS input is
required stable LOW level and CA inputlevel is "Don’t Care" after CKE is driven LOW, this timing

period is defined as 'CKELCS. Clock input is required after CKE is driven LOW, this timing period is
defined as 'CKELCK. CKE LOW will result in deactivation of all input receivers except RESET_n after
'CKELCK has expired. In power-down mode, CKE must be held LOW; all other input signals except
RESET_n are "Don't Care." CKE LOW must be maintained until ‘CKE(MIN) is satisfied.

Vppg can be turned off during power-down after 'CKELCK is satisfied. Prior to exiting power-down,
Vppq must be within its minimum/maximum operating range. No REFRESH operations are
performed in power-down mode except self refresh power-down. The maximum duration in
non-self-refresh power-down mode is only limited by the refresh requirements outlined in the
REFRESH command section.

The power-down state is asynchronously exited when CKE is driven HIGH. CKE HIGH must be main-
tained until 'CKE(MIN) is satisfied. A valid, executable command can be applied with power-down exit
latency *XP after CKE goes HIGH. Power-down exit latency is defined in the AC timing parameter table.

Clock frequency change or clock stop is inhibited during ‘CMDCKE, ‘CKELCK, ‘CKCKEH, *XP, "™MRW-
CKEL, and 'ZQCKE periods.

If power-down occurs when all banks are idle, this mode is referred to as idle power-down. if
power-down occurs when there is a row active in any bank, this mode is referred to as active
power-down. And If power-down occurs when self refresh is in progress, this mode is referred to as self
refresh power-down in which the internal refresh is continuing in the same way as self refresh mode.

When CA, CK, and/or CS ODT is enabled via MR11 OP[6:4] and also via MR22 or CA-ODT pad setting,
the rank providing ODT will continue to terminate the command bus in all DRAM states including
power-down when Vpp is stable and within its minimum/maximum operating range.

The LPDDR4 DRAM cannot be placed in power-down state during start DQS interval oscillator opera-
tion.
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Figure 84: Basic Power-Down Entry and Exit Timing

TO T1 Ta0 TbO Th1 Tc0 Tcl Td0 TeO0 Tel TfO Tf1 TgO Tho Thi Th2 Th3 TkO Tk1 Tk2

A S RUATAV VAT ORI LTIAYS

tCKE |
; tCMDCKE }"CKELCK ; tCKCKEH ; ; FXP ;
we | (0 TN :)?: :?Z:Q( U
! ' 'CSCKE |'CKELCS ! ; YCSCKEH | 'CKEHCS! !

« A0 N3
m@wwmw//////my/ M///M@CW
oo S SN VAT ////W//xmmm@m

) Don't Care

Note: 1. Input clock frequency can be changed or the input clock can be stopped or floated during power-down, provided
that upon exiting power-down, the clock is stable and within specified limits for a minimum of *CKCKEH of stable
clock prior to power-down exit and the clock frequency is between the minimum and maximum specified frequen-
cy for the speed grade in use.

Figure 85: Read and Read with Auto Precharge to Power-Down Entry
TO T1 T2 T3 T4 Ta0 Tal Ta2 Th0 Thl Tb2 Th3 Tc0 Tl T2 T3 T4 Tdo Td1
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SRR L I

commane (TREABATIGA82 T ots) Jos Y oes Y oes ggDEsxDEsXDEsXDEs}@DESW W

I
RL 1 tDQSCKl
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Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. Minimum delay time from READ command or READ with AUTO PRECHARGE command to falling edge of CKE
signal is as follows:
When read postamble = 0.5nCK (MR1 OP[7] = [0]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x 'CK) + 1'CK
When read postamble = 1.5nCK (MR1 OP[7] = [1]),

(RL x t'CK) + 'IDQSCK(MAX) + ((BL/2) x 'CK) + 2tCK

Figure 86: Write and Mask Write to Power-Down Entry

T4 Ta0 Tal Ta2 Ta3 Tad TbO0 Th1 Tb2 Tc0 Tcil Tc2 Tdo Td1 Td2
CK7C 1 1 1 1 1 1 1 1 1 1

CK_t

CKE

See !\Iote 2

<Va|.dXValudXValudXValudWI/ y . . / V . 4 y . j y

Command <M‘Z\‘QMEIT1E 1>< CAS-2 >< DES( (DES X DES>< DES>< DES>< DES{ DES>< DES>< DES{ (DESW 4 y

' ' WL ‘DQSS' !

[

“WPRE tDQSZDQ BL/ : WR

AeNGeR_ 1)

)\

Don’t Care
Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. Minimum delay time from WRITE command or MASK WRITE command to falling edge of CKE signal is as follows:
(WL x 'CK) + 'DQSS(MAX) + 'DQS2DQ(MAX) + ((BL/2) x 'CK) + 'WR
3. This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].
4. This timing diagram only applies to the WRITE and MASK WRITE commands without auto precharge.
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Figure 87: Write With Auto Precharge and Mask Write With Auto Precharge to Power-Down Entry

TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad4 ThO Tb1 Th2 TcO Tcl Tc2 Tc3 Tc4 TdO
CK ¢ __\: ! | _ | ! ! _ ! s ! s s ! s s s !
CK_t

! o

3

/A AL NEENEEE 2
~ GRS @R V1 Y V)
Z

Z
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Command <M,§/S\{(R\;\-II-RIIE'I:;|-1>< ‘CAS-Z >< DES? DES>< DES>< DES>< DES{ 8DES>< DES>< DEsg 2DES>< DES>< DES>< DES W/

WL

L | 'WPRE ‘DQSZDQ BL

) W

. Don't Care
Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. Delay time from WRITE with AUTO PRECHARGE command or MASK WRITE with AUTO PRECHARGE command to

falling edge of CKE signal is more than
(WL x 'CK) + 'DQSS(MAX) + 'DQS2DQ(MAX) + ((BL/2) x 'CK) + (nWR x 'CK) + (2 x 'CK)
3. This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].

Figure 88: Refresh Entry to Power-Down Entry
TO T T2 Ta0 Tal Ta2 Ta3 Tb0 Tbl Tb2 Tb3 Th4 Tb5 Tb6 Tb7 Tb8 Tb9 Th10
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Note: 1. CKE must be held HIGH until tCMDCKE is satisfied.

Figure 89: ACTIVATE Command to Power-Down Entry
TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Th0 Tb1 Th2 Th4 Tb5 Th6 Tb7 Th8 Th9

| | | | I I I |
CK_c --, r= r= r= r=, = r=, r= r=,
— \ \ \ \ \ \ \ \ \
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<“"*X“'dXV'dXV'd@W// /M/ /////////////////////////////////////W
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Note: 1. CKE must be held HIGH until tCMDCKE is satisfied.

Figure 90: PRECHARGE Command to Power-Down Entry
TO T1 T2 Ta0 Tal Ta2 Ta3 Th1 Tb2 Th3 Tb4 Tb5 The Tb7 Tb8 Tb9 Tb10 Tb11

CK_c M/—m ‘\: r \: r :
ekt /A AL A A ] ‘
e | RIDEE SR
1 . 'CMDCKE | | : !
| | | | 1 | | |

sA_ )
s G888 o5) b ) VO
Don’'t Care

Note: 1. CKE must be held HIGH until tCMDCKE is satisfied.
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Figure 91: Mode Register Read to Power-Down Entry

TO T T2 T3 T4 Ta0 Tal Ta2 Th0 Tbl Th2 Th3 Tc0 Tl T2 T3 T4 Tdo Tdi
CK_C ._\: | _\ - | _\ _\ - _\ _\ _\ _\ | r_\ _\ _\ ,_\ _\ r_\
CK_t

A e o
o <xxxm W ///4 W /// //////4 %///////////////////4 V/////
comman (WRREADTNIEA I %) /DFSXDFSXD ggDEsXDESXDESXDEsxgEXDESW ///WW

RL 1 ‘DQSCK 1‘

o 1 ??f"mmzqt 0
! QEEMY - )| M-

Don't Care
Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. Minimum delay time from MODE REGISTER READ command to falling edge of CKE signal is as follows:
When read postamble = 0.5nCK ( MR1 OP[7] = [0]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x 'CK) + 1'CK
When read postamble = 1.5nCK (MR1 OP[7] = [1]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x 'CK) + 2'CK

1 44 Micron Technology, Inc. reserves the right to change products or specifications without notice.

CCMO005-554574167-10834
© 2022 Micron Technology, Inc. All rights reserved.

z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN



Micron Confidential and Proprietary

} ‘ LPDDR4X/LPDDR4 SDRAM
A{V Icron General LPDDR4X Specification

Figure 92: Mode Register Write to Power-Down Entry
TO T T2 T3 T4 Ta0 Tal Ta2 Ta3 Ta4 Th0 Tbl Tb2 Tb3 Tbd Tb5 Tbe Tb7

l | l ] ]
CK?C ! r= r- rey = =
\ \ \ \ \ \
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[ N v
| | | |
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JUm T

csAA???? I
<Vandeandeandeaw@ @@W// i V///////////////////////////////////////A
Command <MRWR.TE 1XMR s 2>< DEsg gDEsX v X/////////////// /////////////////////////////////////////A

Don’t Care
Notes: 1. CKE must be held HIGH until tMRWCKEL is satisfied.
2. Thistiming is the general definition for power-down entry after MODE REGISTER WRITE command. When a MODE
REGISTER WRITE command changes a parameter or starts an operation that requires special timing longer than

YMRWCKEL, that timing must be satisfied before CKE is driven LOW. Changing the VRer(pq) Value is one example,
in this case the appropriate *'VREF-SHORT/MIDDLE/LONG must be satisfied.

Figure 93: MULTI PURPOSE Command for ZQCAL Start to Power-Down Entry
TO T1 T2 Ta0 Tal Ta2 Th0 Tbl Th2 Tb3 Th4 Tb5 Tb6 Th7 Th8 Th9 Th10 Thi1
CK_C m f-\: “ f“ f“ “ I“ I“ f': f-: f-: f-: f-: f-: f-: f-: f-:
CK_‘t N V! v
CKE
SIVA
o G eid} 77, VI Y

Command <[ZQCALSTART]>< DES/ 2 DESW 4 %
2 3

i

ZQ Cal Status

2 XZQ cahbratlon progresses

! tZQCAL

% Don't Care

Note: 1. ZQ calibration continues if CKE goes LOW after 'ZQCKE is satisfied.
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Input Clock Stop and Frequency Change

Clock Frequency Change - CKE LOW

During CKE LOW, the device supports input clock frequency changes under the following conditions:
« {CK(abs)min is met for each clock cycle

* Refresh requirements apply during clock frequency change

* During clock frequency change, only REFab or REFpb commands may be executing

* Any ACTIVATE or PRECHARGE commands have completed prior to changing the frequency

* Related timing conditions, ‘RCD and ‘RP, have been met prior to changing the frequency

e The initial clock frequency must be maintained for a minimum of '‘CKELCK after CKE goes LOW

* The clock satisfies 'CH(abs) and 'CL(abs) for a minimum of 'CKCKEH prior to CKE going HIGH

After the input clock frequency changes and CKE is held HIGH, additional MRW commands may be
required to set the WR, RL, and so forth. These settings may require adjustment to meet minimum
timing requirements at the target clock frequency.

Clock Stop - CKE LOW

During CKE LOW, the device supports clock stop under the following conditions:

e CK_tand CK_c are don't care during clock stop

* Refresh requirements apply during clock stop

* During clock stop, only REFab or REFpb commands may be executing

e Any ACTIVATE or PRECHARGE commands have completed prior to stopping the clock

* Related timing conditions, ‘RCD and ‘RP, have been met prior to stopping the clock

* The initial clock frequency must be maintained for a minimum of '‘CKELCK after CKE goes LOW

 The clock satisfies 'CH(abs) and 'CL(abs) for a minimum of 'CKCKEH prior to CKE going HIGH

Clock Frequency Change - CKE HIGH

During CKE HIGH, the device supports input clock frequency change under the following conditions:

« {CK(abs)min is met for each clock cycle

* Refresh requirements apply during clock frequency change

* During clock frequency change, only REFab or REFpb commands may be executing

¢ Any ACTIVATE, READ, WRITE, PRECHARGE, MODE REGISTER WRITE, or MODE REGISTER READ
commands (and any associated data bursts) have completed prior to changing the frequency

* Related timing conditions (‘RCD, 'WR, 'RP, 'MRW, and 'MRR) have been met prior to changing the
frequency

* During clock frequency change, CS is held LOW

* The device is ready for normal operation after the clock satisfies {CH(abs) and 'CL(abs) for a
minimum of 2 x {CK + XP

After the input clock frequency is changed, additional MRW commands may be required to set the WR,
RL, and so forth. These settings may need to be adjusted to meet minimum timing requirements at the
target clock frequency.

Clock Stop - CKE HIGH

During CKE HIGH, the device supports clock stop under the following conditions:
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CK_tis held LOW and CK_c is held HIGH during clock stop

During clock stop, CS is held LOW

Refresh requirements apply during clock stop

During clock stop, only REFab or REFpb commands may be executing

Any ACTIVATE, READ, WRITE, MPC (WRITE-FIFO, READ-FIFO, READ DQ CALIBRATION),
PRECHARGE, MODE REGISTER WRITE, or MODE REGISTER READ commands have completed,
including any associated data bursts and extra 4 clock cycles must be provided prior to stopping the
clock

Related timing conditions (‘RCD, 'WR, 'RP, '"MRW, 'MRR, 'ZQLAT, and so forth) have been met prior
to stopping the clock

READ with AUTO PRECHARGE and WRITE with AUTO PRECHARGE commands need extra 4 clock
cycles in addition to the related timing constraints, nWR and nRTP, to complete the operations
REFab, REFpb, SRE, SRX, and MPC[ZQCAL START] commands are required to have extra 4 clock
cycles prior to stopping the clock

The device is ready for normal operation after the clock is restarted and satisfies 'CH(abs) and
{CL(abs) for a minimum of 2 x 'CK + 'XP

CCM005-554574167-10834
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MODE REGISTER READ Operation

The MODE REGISTER READ (MRR) command is used to read configuration and status data from the
device registers. The MRR command is initiated with CS and CA[5:0] in the proper state as defined by
the Command Truth Table. The mode register address operands (MA[5:0]) enable the user to select one
of 64 registers. The mode register contents are available on the first four UI data bits of DQ[7:0] after RL

x 'CK + 'DQSCK + 'DQSQ following the MRR command. Subsequent data bits contain valid but unde-
fined content. DQS is toggled for the duration of the MODE REGISTER READ burst. The MRR has a
command burst length of 16. MRR operation must not be interrupted.

Table 121: MRR

ul o | 1] 2] 3 4 | 5] 6 | 7 [ 8] 9 [10]1n]|122]13]14]i15

DQO OPO v
DQ1 OP1 v
DQ2 oP2 v
DQ3 oP3 v
DQ4 OP4 v
DQ5 OP5 v
DQ6 OP6 v
DQ7 OP7 v
DQ8- v

DQ15

DMIO- v

DMI1

Notes: 1. MRR data are extended to the first 4 Uls, allowing the LPDRAM controller to sample data easily.
2. DBI during MRR depends on mode register setting MR3 OP[6].
3. The read preamble and postamble of MRR are the same as for a normal read.
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Figure 94: MODE REGISTER READ Operation

Tb0 Tb1 Th2 Tb3 Tb4 Tb5
| | | |

<Va||d>< MAXCAnXCAnW% mvm.dXVand ValudXValudW /) /// // / y

Command <M‘R REAI;-1>< ‘CAS-2 >< DES? RDES ><An;/ comm;nd><Any command>< D;ES? PEE_X DES>< DES>< DES>< DES>< DEsz ZDES>< DES

*MRR

RL DQSCK BL/2=8

o R SO0 W (
DQ7:0 2 ? 2 ) OP Code out “_
Q5 R R ; @@@@ & BGR

V[ Don't Care

Notes: 1. Only BL = 16 is supported.
2. Only DESELECT is allowed during *MRR period.

3. There are some exceptions about issuing commands after 'MRR. Refer to MRR/MRW Timing Constraints Table for
detail.
4. DBIis disable mode.

DES commands except 'tMRR period are shown for ease of illustration; other commands may be valid at these times.
6. DQ/DQS: Vssq termination

v

MRR After a READ and WRITE Command

After a prior READ command, the MRR command must not be issued earlier than BL/2 clock cycles, in
asimilarway WL+ BL/2 +1 + RU(*WTR/'CK) clock cycles after a PRIOR WRITE, WRITE with AP, MASK

WRITE, MASK WRITE with AP, and MPC[WRITE-FIFO] command in order to avoid the collision of
READ and WRITE burst data on device internal data bus.
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Figure 95: READ-to-MRR Timing
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Notes: 1. The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.
2. Read BL =32, MRR BL = 16, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DBI = Disable, DQ/DQS: Vssq termi-

nation.

3. Doyt n = data-out to column n.

4. DES commands except 'MRR period are shown for ease of illustration; other commands may be valid at these times.
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Figure 96: WRITE-to-MRR Timing
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Notes: 1. Write BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. Only DES is allowed during 'MRR period.
3. Doyt n = data-out to column n.

4. The minimum number of clock cycles from the BURST WRITE command to MRR command is WL + BL/2 + 1 +
RU('WTR/CK).

5. "WTR starts at the rising edge of CK after the last latching edge of DQS.

6. DEScommands except *MRR period are shown for ease of illustration; other commands may be valid at these times.

MRR After Power-Down Exit

Following the power-down state, an additional time, "MRRI, is required prior to issuing the MODE

REGISTER READ (MRR) command. This additional time (equivalent to ‘RCD) is required in order to
maximize power-down current savings by allowing more power-up time for the MRR data path after
exit from power-down mode.
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Figure 97: MRR Following Power-Down
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Notes: 1. Only DES is allowed during tMRR period.
2. DEScommands except 'MRR period are shown for ease of illustration; other commands may be valid at these times.

MODE REGISTER WRITE

The MODE REGISTER WRITE (MRW) writes configuration data to the mode registers. The MRW
command is initiated with CKE, CS, and CA[5:0] to valid levels at the rising edge of the clock. The mode
register address and the data written to it is contained in CA[5:0] according to the Command Truth
Table. The MRW command period is defined by "MRW. Mode register WRITEs to read-only registers
have no impact on the functionality of the device.

Figure 98: MODE REGISTER WRITE Timing
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MRW can be issued from either a bank-idle or a bank-active state. Certain restrictions may apply for
MRW from an active state.

Table 122: Truth Table for MRR and MRW

Current State Command Intermediate State Next State

All banks idle MRR Reading mode register, all banks idle All banks idle
MRW Writing mode register, all banks idle All banks idle

Bank(s) active MRR Reading mode register Bank(s) active
MRW Writing mode register Bank(s) active

Table 123: MRR/MRW Timing Constraints: DQ ODT is Disable

Minimum Delay Between

AUTO PRECHARGE

From Command To Command "From Command" and "To Command" Unit Notes
MRR MRR t™MIRR -
RD/RDA ‘™MRR -
WR/WRA/MWR/MWRA RL + RU('DQSCK(MAX)/'CK) + BL/2 -WL + 'WPRE + | NCK
RD(*RPST)
MRW RL + RU('DQSCK(MAX)/'CK) + BL/2 + 3 nCK
RD/RDA MRR BL/2 nCK
\é\/AR/WRA/MWR/MW WL + 1 + BL/2 + RU(WTR/CK) nCK
MRW ‘MRD -
POWER-DOWN EXIT t%p + 'MRRI -
MRW RD/RDA YIRD -
WR/WRA/MWR/MWRA tMRD _
MRW tMRW -
RD/ MRW RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD(*RPST) + nCK
EIEDA%FS{) AL MAX(RU(7.5ns/tCK), 8nCK)
RD with AUTO PRE- RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD(‘RPST) + nCK
CHARGE MAX(RU(7.5ns/tCK), 8nCK) + nRTP - 8
WR/ WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) nCK
MWR/
WR-FIFO
WR/MWR with WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) + nWR | NCK
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Table 124: MRR/MRW Timing Constraints: DQ ODT is Enable

Minimum Delay Between
From Command |To Command "From Command" and "To Command" Unit Notes
MRR MRR tMRR -
RD/RDA 'MRR -
WR/WRA/MWR/MWRA RL + RU('DQSCK(MAX)/tCK) + BL/2 - ODTLon - nCK
RD(tODTon(MIN)/tCK) + RD('RPST) + 1
MRW RL + RU('DQSCK(MAX)/tCK) + BL/2 + 3 nCK
RD/RDA MRR BL/2 nCK
WR/WRA/MWR/M WL + 1 + BL/2 + RUCWTR/CK) nCK
WRA
MRW 'MRD -
POWER-DOWN ™P + 'MRRI -
EXIT
MRW RD/RDA tMRD -
WR/WRA/MWR/MWRA tMRD -
MRW TMRW -
RD/ MRW RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD('RPST) + nCK
RD-FIFO/ t
READ DQ CAL MAX(RU(7.5ns/tCK), 8nCK)
RD with AUTO PRE- RL + BL/2 + RU('DQSCK(MAX)/tCK) + RD(tRPST) + nCK
CHARGE MAX(RU(7.5ns/tCK), 8nCK) + nRTP - 8
WR/ WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) nCK
MWR/
WR-FIFO
WR/MWR with WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) + nwR | nCK
AUTO PRECHARGE

VRger Current Generator (VRCG)

LPDDR4 SDRAM Vg current generators (VRCG) incorporate a high current mode to reduce the
settling time of the internal Vygppgyand Vygg(ca) levels during training and when changing frequency
set points during operation. The high current mode is enabled by setting MR13[OP3] = 1. Only DESE-
LECT commands may be issued until 'VRCG_ENABLE is satisfied. 'VRCG_ENABLE timing is shown

below.
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Figure 99: VRCG Enable Timing
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VRCG hlgh current mode is dlsabled by setting MR13[OP3] 0. Only DESELECT commands may be
issued until 'WVRCG_DISABLE is satisfied. 'WVRCG_DISABLE timing is shown below.

Figure 100: VRCG Disable Timing
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Note that LPDDR4 SDRAM devices support Vgg(ca) and Vygpp) range and value changes without
enabling VRCG high current mode.

Table 125: VRCG Enable/Disable Timing

Parameter Symbol Min Max Unit
Vger high current mode enable time %RCG_ENABLE - 200 ns
Vgrer high current mode disable time t%YRCG_DISABLE - 100 ns

VRer Training

VRger(ca) Training

The device's internal Vggg(ca) specification parameters are operating voltage range, step size, Vg step
time, Vrgr full-range step time, and Vg valid level.
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The voltage operating range specifies the minimum required Vg setting range for LPDDR4 devices.
The minimum range is defined by Vigp max and VRgg min-

Figure 101: Vg Operating Range (Veer max: VREE, min)
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The Vygr step size is defined as the step size between adjacent steps. However, for a given design, the
device has one value for Vg step size that falls within the given range.

The Vg set tolerance is the variation in the Vygg voltage from the ideal setting. This accounts for accu-
mulated error over multiple steps. There are two ranges for Vygr set tolerance uncertainty. The range
of Vygr set tolerance uncertainty is a function of the number of steps n.

The Vggp set tolerance is measured with respect to the ideal line that is based on the two endpoints,
where the endpoints are at the minimum and maximum Vygg values for a specified range.

CCMO005-554574167-10834 1 56 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

Figure 102: Vg Set-Point Tolerance and Step Size
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The Vpgr increment/decrement step times are defined by 'Vggp TIME-SHORT, 'Vpgp TIME-MIDDLE,
and "Vypp_TIME-LONG. The parameters are defined from TS to TE as shown below, where TE is refer-
enced to when the Vygr voltage is at the final DC level within the Vygg valid tolerance (VRgg va) toD)-

The Vygp valid level is defined by VRgp var 101 to qualify the step time TE (see the following figures). This

parameter is used to ensure an adequate RC time constant behavior of the voltage level change after
any Vggr increment/decrement adjustment. This parameter is only applicable for LPDDR4 compo-

nent level validation/characterization.

Wrer_TIME-SHORT is for a single step size increment/decrement change in the Vygp voltage.

"Vrep_TIME-MIDDLE is at least two stepsizes increment/decrement change within the same Vygp(ca)
range in Vygp voltage.

Verpr_TIME-LONG is the time including up to VREF,min 10 VREF,max OF VREF,max 10 VREF,min Change
across the Vypp(ca) range in Vygr voltage.

TS is referenced to MRW command clock.

TE is referenced to VRgg val_tol-
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Figure 103: v, for Short, Middle, and Long Timing Diagram
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The MRW command to the mode register bits are as follows;
MR12 OP[SO] :VREF(CA) Setting
MR12 OPJ6] : VREF(CA) Range

The minimum time required between two Vzgr MRW commands is 'Vggp_ TIME-SHORT for a single
step and 'Vgpp_TIME-MIDDLE for a full voltage range step.

Figure 104: Vgeg(ca) Single-Step Increment
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Figure 105: Vgeg(ca) Single-Step Decrement
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The following table contains the CA internal Vygp specification that will be characterized at the compo-
nent level for compliance.

Table 126: Internal Vggg(ca) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(CA),max_r0 VRer(ca) range-0 MAX operat- - - 44.9% Vbbpa 1, 1
ing point
VREF(CA),min_r0 VRer(ca) range-0 MIN operat- 15.0% - - Vbbq 1, 11
ing point
VREF(CA),max_r1 VREF(ca) range-1 MAX operat- - - 62.9% Vbbpa 1, 11
ing point
VREF(CA),min_r1 VREer(ca) range-1 MIN operat- 32.9% - - Vbbq 1, 1
ing point
VREF(CA).step VRer(ca) Step size 0.50% 0.60% 0.70% Vbba 2
VREF(CA),set_tol VRer(ca) set tolerance -1 0 11 mV 3,4,6
-1.1 0 1.1 mV 3,57
Wprer_TIME-SHORT | VRer(ca) Step time - - 100 ns 8
% rer_TIME-MIDDLE - - 200 ns 12
Wrer_TIME-LONG - - 250 ns 9
tVREFJimeﬁweak - B ! ms 13,14
VREF(CA) val_tol VRer(ca) Valid tolerance -0.10% 0.00% 0.10% Vbba 10

Notes: 1. Vggr(ca) DC voltage referenced to Vppqpo):-

2. VRep(ca) Step size increment/decrement range. Vggg(ca) at DC level.

3. VRer(cA)new = VREF(CA),0ld + N X VREF(CA),step: N = NUMber of steps; if increment, use "+"; if decrement, use

4. The minimum value of Vggp(ca) setting tolerance = Vggr(ca),new - 11mMV. The maximum value of Vggp(ca) setting
tolerance = Vggr(ca),new + 11mMV. For n > 4.

5. The minimum value of Vgep(cp) setting tolerance = Vgep(ca) new - 1.1mMV. The maximum value of Vpep(ca) setting
tolerance = Vger(ca)new + 1.TmV. For n < 4.

6. Measured by recording the minimum and maximum values of the Vggr(cajoutput over the range, drawing a
straight line between those points and comparing all other Vggg(ca) output settings to that line.

7. Measured by recording the minimum and maximum values of the Vggr(ca) Output across four consecutive steps (n
= 4), drawing a straight line between those points and comparing all other Vggpcp) Output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vggp(ca)-

9. Time from MRW command to increment or decrement Vgeg min t0 VRer max ©F VREF, max tO VREer,min Change across
the VRer(ca) range in Vgep 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 MR12 OP[6].
12. Time from MRW command to increment or decrement more than one step size up to a full range of Vg voltage

within the same Vggp(cp) range.

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

14. Wgge_time_weak covers all VRer(ca) range and value change conditions are applied to Wegr_-
TIME-SHORT/MIDDLE/LONG.
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VREF(DQ) Trai ning

Figure 108:

The device's internal Vggppq) specification parameters are operating voltage range, step size, Vygp
step tolerance, Vggr 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 Vigp max and VRgg min-
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The Vggr step size is defined as the step size between adjacent steps. However, for a given design, the
device has one value for Vygg step size that falls within the given range.

The Vrgp set tolerance is the variation in the Vygp voltage from the ideal setting. This accounts for accu-
mulated error over multiple steps. There are two ranges for Vygr set tolerance uncertainty. The range
of Vrgr set tolerance uncertainty is a function of the number of steps n.

The Vygr set tolerance is measured with respect to the ideal line that is based on the two endpoints,
where the endpoints are at the minimum and maximum Vggg values for a specified range.
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Figure 109: Vg Set Tolerance and Step Size
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The Vygp increment/decrement step times are defined by 'Vypp TIME-SHORT, 'Vggp_TIME-MIDDLE

and '"Vgpp_TIME-LONG. The 'Vggp_ TIME-SHORT, Vg TIME-MIDDLE and 'Vypp_TIME-LONG times
are defined from TS to TE in the following figure where TE is referenced to when the Vygp voltage is at
the final DC level within the VREF valid tolerance (VREF,VAL_TOL)'

The Vggp valid level is defined by Vigp var, Tor to qualify the step time TE (see the figure below). This

parameter is used to ensure an adequate RC time constant behavior of the voltage level change after
any Vggp increment/decrement adjustment. This parameter is only applicable for DRAM component
level validation/characterization.

"Wrer_TIME-SHORT is for a single step size increment/decrement change in the Vygp voltage.

YWrpr_TIME-MIDDLE is at least two step sizes of increment/decrement change in the VRER(DQ) Iange
in the Vgggvoltage.

Ve TIME-LONG is the time including and up to the full range of Vggr (MIN to MAX or MAX to MIN)
across the Vygp(pq) range in Vygg voltage.
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Figure 110: Vgeg(pq) Transition Time for Short, Middle, or Long Changes
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Notes: 1. TS is referenced to MRW command clock.
2. TE is referenced to VREF,VAL_TOL'

The MRW command to the mode register bits are defined as:
MR14 OP[SO] VREF(DQ) Setting
MR14 OP[G] VREF(DQ) range

The minimum time required between two Vzgr MRW commands is 'Vggp_TIME-SHORT for a single
step and 'Vpgp_TIME-MIDDLE for a full voltage range step.

Figure 111: Vgegg(pq) Single-Step Size Increment
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Figure 112: Vgeg(pq) Single-Step Size Decrement
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Time
Figure 113: Vggg(pq) Full Step from Vgee min t0 VRer max
VREEmax ~" [ J— VREF(DC
l;/REF REF,max (DQO)
voltage
g VREF_vaI_toI
Full range t1
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Time
Figure 114: Vgeg(pq) Full Step from Vgep max t0 VReE, min
V
VREF REF,max
voltage
Full range
step t1
VREF_vaI_toI
VRermin ----T-oooooooo VREF(DO)
Time
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The following table contains the DQ internal Vigp specification that will be characterized at the
component level for compliance.

Table 127: Internal Vgeg(pq) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(DQ),max_r0 Vger MAX operating point - - 44.9% Vbbpa 1, 1
Range-0
VREF(DQ), min_r0 Vrer MIN operating point 15.0% - - Vbba 1, 1
Range-0
VREF(DQ),max_r1 Vger MAX operating point - - 62.9% Vbbq 1, 1
Range-1
VREF(DQ),min_r1 Vrer MIN operating point 32.9% - - Vbpq 1, 1
Range-1
VREF(DQ),step VRer(DQ) Step size 0.50% 0.60% 0.70% Vbba 2
VREF(DQ),set_tol VRer(pq) set tolerance -1 0 11 mV 3,4,6
-1.1 0 1.1 mV 3,57
Weer_TIME-SHORT | VRer(DQ) Step time - - 100 ns 8
% rer_TIME-MIDDLE - - 200 ns 12
Wrer_TIME-LONG - - 250 ns 9
tVREFJimeﬁweak - B 1 ms 13,14
VREF(DQ) val_tol VRer(bq) valid tolerance -0.10% 0.00% 0.10% Vbba 10

Notes: 1. Vger(pq) DC voltage referenced to Vppq(po)-

2. VRer(pq) step size increment/decrement range. Vgerpq) 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 Vggr(pq) setting tolerance = Vgerpq) new - 11mMV. The maximum value of Vgerpq) setting
tolerance = Vger(pq),new + 11mMV. For n > 4.

5. The minimum value of Vgeppgjsetting tolerance = Vgeppg) new - 1-1mMV. The maximum value of Vgerpq) setting
tolerance = Vger(p),new + 1.1MV. For n < 4.

6. Measured by recording the minimum and maximum values of the Vger(pq) output over the range, drawing a
straight line between those points and comparing all other Vggr(pg) output settings to that line.

7. Measured by recording the minimum and maximum values of the Vggppg)output across four consecutive steps (n
= 4), drawing a straight line between those points and comparing all other Vgegpq) output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vggrpq)-

9. Time from MRW command to increment or decrement Vgeg min t0 VRer max ©F VREF, max tO VREer,min Change across
the Vrerpq) Range in Vpeppg) 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 OP[6].
12. Time from MRW command to increment or decrement more than one step size up to a full range of Vg voltage

within the same Vger(pq) range.

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

14. tVREF_time_Weak covers all Vrerpq) Range and Value change conditions are applied to egr_-
TIME-SHOR/MIDDLE/LONG.
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Command Bus Training

Command Bus Training Mode

The command bus must be trained before enabling termination for high-frequency operation. The
device provides an internal Vggp(ca) that defaults to a level suitable for unterminated, low-frequency

operation, but the Vggp(cs) must be trained to achieve suitable receiver voltage margin for terminated,
high-frequency operation.

The training mode described here centers the internal Vggp(ca) in the CA data eye and at the same time

allows for timing adjustments of the CS and CA signals to meet setup/hold requirements. Because it
can be difficult to capture commands prior to training the CA inputs, the training mode described here
uses a minimum of external commands to enter, train, and exit the CA bus training mode.

The die has a bond-pad (ODT_CA) but ODT_CA pin is ignored by LPDDR4X devices. CA ODT is fully
controlled through MR11 and MR22. See On-Die Termination for more information.

The device uses frequency set points to enable multiple operating settings for the die. The device
defaults to FSP-OP[0] at power-up, which has the default settings to operate in un-terminated,
low-frequency environments. Prior to training, the termination should be enabled for one die in each
channel by setting MR13 OP[6] = 1b (FSP-WR[1]) and setting all other mode register bits for FSP-OP[1]
to the desired settings for high-frequency operation. Upon training entry, the device will automatically
switch to FSP-OP[1] and use the high-frequency settings during training (See the Command Bus
Training Entry Timing figure for more information on FSP-OP register sets). Upon training exit, the
device will automatically switch back to FSP-OP[0], returning to a "known-good" state for untermi-
nated, low-frequency operation.

To enter command bus training mode, issue a MRW-1 command followed by a MRW-2 command to
set MR13 OP[0] = 1b (command bus training mode enabled).

After time'MRD, CKE may be set LOW, causing the device to switch to FSP-OP[1], and completing the
entry into command bus training mode.

A status DQS_t, DQS_c, DQ, and DMI are as noted below; the DQ ODT state will be followed by
FREQUENCY SET POINT function except in the case of output pins.

* DQS_t[0], DQS_c[0] become input pins for capturing DQ[6:0] levels by toggling.

* DQ[5:0] become input pins for setting Vggp(ca) level.

* DQ[6] becomes an input pin for setting Vgggca) range.

* DQ[7] and DMI[0] become input pins, and their input level is valid or floating.

* DQ[13:8] become output pins to feedback, capturing value via the command bus using the CS signal.

e DQS_t[1], DQS_c[1], DMI[1], and DQ[15:14] become output pins or are disabled, meaning the device
may be driven to a valid level or may be left floating.

At time'CAENT later, the device may change its Vggp(ca) range and value using input signals DQS_t[0],

DQS_c[0], and DQ[6:0] from existing value that is set via MR12 OP[6:0]. The mapping between MR12
OP code and DQs is shown below. At least one Vygp(ca) setting is required before proceeding to the next

training step.

Table 128: Mapping MIR12 Op Code and DQ Numbers

Mapping
MR12 OP code OP6 OP5 OP4 OP3 OP2 OP1 OPO
DQ number DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
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The new Vggp(ca) value must "settle" for time'VREFCA_Long before attempting to latch CA informa-
tion.

Note: If DQ ODT is enabled in MR11-OP[2:0], then the SDRAM will terminate the DQ lanes during
command bus training when entering Vgppca) range and values on DQI6:0].

To verify that the receiver has the correct Vygg(cy) setting, and to further train the CA eye relative to
clock (CK), values latched at the receiver on the CA bus are asynchronously output to the DQ bus.

To exit command bus training mode, drive CKE HIGH, and after time 'VREFCA_Long, issue the MRW-1
command followed by the MRW-2 command to set MR13 OP[0] = Ob. After time 'MRW, the device is

ready for normal operation. After training exit, the device will automatically switch back to the FSP-OP
registers that were in use prior to training.

Command bus training (CBT) may be executed from the idle or self refresh state. When executing CBT
within the self refresh state, the device must not be in a power-down state (for example, CKE must be
HIGH prior to training entry). CBT entry and exit is the same, regardless of the state from which CBT is
initiated.

Training Sequence for Single-Rank Systems

The sequence example shown here assumes an initial low-frequency, non-terminating operating
point training a high-frequency, terminating operating point. The bold text shows high-frequency
instructions. Any operating point may be trained from any known good operating point.

1. Set MR13 OP[6] = 1b to enable writing to frequency set point 1 (FSP-WR[1]) (or FSP-OP[0]).

2. Write FSP-WR[1] (or FSP-WR[0]) registers for all channels to set up high-frequency operating
parameters.

Issue MRW-1 and MRW-2 commands to enter command bus training mode.

Drive CKE LOW, and change CK frequency to the high-frequency operating point.

Perform command bus training (Vggg(ca), CS, and CA).

o 9w

Exit training by driving CKE HIGH, change CK frequency to the low-frequency operating point, and

issue MRW-1 and MRW-2 commands. When CKE is driven HIGH, the device will automatically

switch back to the FSP-OP registers that were in use prior to training (trained values are not

retained).

7. Write the trained values to FSP-WR[1] (or FSP-WR[0]) by issuing MRW-1 and MRW-2 commands to
the SDRAM and setting all applicable mode register parameters.

8. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1] (or FSP-OP[0]),

to turn on termination, and change CK frequency to the high-frequency operating point. At this

point the command bus is trained and you may proceed to other training or normal operation.

Training Sequence for Multiple-Rank Systems

The sequence example shown here is assuming an initial low-frequency operating point, training a

high-frequency operating point. The bold text shows high-frequency instructions. Any operating point

may be trained from any known good operating point.

1. Set MR13 OP[6] = 1b to enable writing to frequency set point 1 (FSP-WR[1]) (or FSP-WR[0]).

2. Write FSP-WR[1] (or FSP-WR[0]) registers for all channels and ranks to set up high-frequency oper-
ating parameters.

3. Read MRO OP[7] on all channels and ranks to determine which die are terminating, signified by MRO
OP[7] =1b.

4. Issue MRW-1 and MRW-2 commands to enter command bus training mode on the terminating
rank.
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5. Drive CKE LOW on the terminating rank (or all ranks), and change CK frequency to the
high-frequency operating point.

6. Perform command bus training on the terminating rank (Vggg(ca), CS, and CA).

7. Exittraining by driving CKE HIGH, change CK frequency to the low-frequency operating point, and
issue MRW-1 and MRW-2 commands to write the trained values to FSP-WR[1] (or FSP-WRI[0]).
When CKE is driven HIGH, the SDRAM will automatically switch back to the FSP-OP registers that
were in use prior to training (trained values are not retained by the device).

8. Issue MRW-1and MRW-2 commands to enter training mode on the non-terminating rank (but keep
CKE HIGH).

9. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1] (or FSP-OP[0]),
to turn on termination, and change CK frequency to the high-frequency operating point.

10.Drive CKE LOW on the non-terminating (or all) ranks. The non-terminating rank(s) will now be
using FSP-OP[1] (or FSP-OP[0]).

11.Perform command bus training on the non-terminating rank (Vggp(ca), CS, and CA).

12.Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[0] (or FSP-OP[1])
to turn off termination.

13.Exit training by driving CKE HIGH on the non-terminating rank, change CK frequency to the
low-frequency operating point, and issue MRW-1 and MRW-2 commands. When CKE is driven
HIGH, the device will automatically switch back to the FSP-OP registers that were in use prior to
training (that is, trained values are not retained by the device).

14.Write the trained values to FSP-WR[1] (or FSP-WR[0]) by issuing MRW-1 and MRW-2 commands
and setting all applicable mode register parameters.

15.Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1] (or FSP-OP[0]),
to turn on termination,and change CK frequency to the high-frequency operating point. At this
point the command bus is trained for both ranks and the user may proceed to other training or
normal operation.
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Relation Between CA Input Pin and DQ Output Pin

Table 129: Mapping CA Input Pin and DQ Output Pin

Mapping

CA3
DQ11

CA2
DQ10

CA1
DQ9

CAO
DQ8

CA number
DQ number

CA5
DQ13

CA4
DQ12

Figure 115: Command Bus Training Mode Entry - CA Training Pattern 1/O with Vggg(ca) Value Update

Tb+1

T0 T T2 T3 T4 T5 Ta
CKc -, R . o o o
CK_t

Th

TC see Note 1 Te  Te+l Te+2 T Tg Th

R
m& uu@

‘CACD ‘

Th+1 Th+2

‘CKPSTCS

e Note7 See Note z

0

CKE

!

|
See Note 3 ‘ ' ' ‘

tCKELCK

N

0

s I IRV 221?23/\ ZLJLJZ /D
A oss MRmXMRmXMRWZXMRWZX DESN Dssggm X o | s %/ AV /@( @wm
| i I ' ' ' patternB !
Command D‘ES Enter command bus training mode >< D‘ES N D‘ES H DES >< D‘ES 8{ D‘ES %y j y ‘4 ; c;\agaurrr.‘nlg >@ m m M
! ) ! tDQSCKE ! ! tCAENT seeNote s WREFCA_Long (see Note 5) !
G 7L S |
oats 7 VT
oo W JV‘ 7\ AT VAT
oatiss T Y770, V. TR Y 7, V20 T, VR, . VN
DQ[15:14] 3 3 3
N /%M WRINNRY, R %M@W
DQst_c ! ! ! !
(reference; Set(ingva‘\ueofMRX‘(Y) (( ‘ ( l;lpda;inygsett‘mgfror’n ;SPsw\t(hing >< Updating setting (( b<1 ‘emporary setting v: |:j 2:22
' CKELODTon (see Note 6) 1
epr A ose regmerx 1) | 32:1)( SV%MQMR ) Wose regmerx ) | )) 2:2 D 2:
Don't Care
Notes: 1. After'CKELCK, the clock can be stopped or the frequency changed any time.
2. The input clock condition should be satisfied *CKPRECS and 'fCKPSTCS.
3. Continue to drive CK, and hold CA and CS LOW, until t*CKELCK after CKE is LOW (which disables command
decoding).
4. The device may or may not capture the first rising edge of DQS_t/DQS_c due to an unstable first rising edge. There-
fore, at least two consecutive pulses of DQS signal input is required every for DQS input signal while capturing
DQI6:0] signals. The captured value of the DQ[6:0] signal level by each DQS edge may be overwritten at any time
and the device will temporarily update the Vgep(cp) setting of MR12 after time %REFCA_Long.
5. "REFCA_Long may be reduced to "VREFCA_Short if the following conditions are met: 1) The new Vgg setting is a
single step above or below the old Vg setting; 2) The DQS pulses a single time, or the new Vggf setting value on
DQI6:0] is static and meets 'DS,train/tDH,train for every DQS pulse applied.
6. When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate (non-active) set. For

example, if the device is currently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All
operating parameters should be written to the alternate mode registers before entering command bus training to
ensure that ODT settings, RL/AWL/nWR setting, and so forth, are set to the correct values.
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7. When CKE is driven LOW in command bus training mode, the device will change operation to the alternate FSP,
that is, the inverse of the FSP programmed in the FSP-OP mode register.

Figure 116: Consecutive Vgggca)Value Update
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Notes: 1. After!CKELCK, the clock can be stopped or the frequency changed any time.
2. The input clock condition should be satisfied *CKPRECS and *CKPSTCS.
3. Continue to drive CK, and hold CA and CS LOW, until t*CKELCK after CKE is LOW (which disables command
decoding).
4. The device may or may not capture the first rising edge of DQS_t/DQS_c due to an unstable first rising edge. There-
fore, at least two consecutive pulses of DQS signal input is required every for DQS input signal while capturing
DQ[6:0] signals. The captured value of the DQ[6:0] signal level by each DQS edge may be overwritten at any time

and the device will temporarily update the Vggg(ca) setting of MR12 after time Y"WREFCA_Long.

Don't Care

5. "REFCA_Long may be reduced to 'VREFCA_Short if the following conditions are met: 1) The new Vgg setting is a
single step above or below the old Vg setting; 2) The DQS pulses a single time, or the new Vggf setting value on

DQI6:0] is static and meets 'DS,train/'DH,train for every DQS pulse applied.

6. When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate (non-active) set. For
example, if the device is currently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All
operating parameters should be written to the alternate mode registers before entering command bus training to
ensure that ODT settings, RL/WL/nWR setting, and so forth, are set to the correct values.

7. When CKE is driven LOW in command bus training mode, the device will change operation to the alternate FSP,
that is, the inverse of the FSP programmed in the FSP-OP mode register.
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Figure 117: Command Bus Training Mode Exit with Valid Command
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Notes: 1. The clock can be stopped or the frequency changed any time before t*CKCKEH. CK must meet *CKCKEH before CKE
is driven HIGH. When CKE is driven HIGH, the clock frequency must be returned to the original frequency (that is,
the frequency corresponding to the FSP at command bus training mode entry.

CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior to command bus training
mode entry, that is, the original frequency set point (FSP-OP, MR13-OP[7]). For example, if the device was using
FSP-OP[1] for training, then it will switch to FSP-OP[0] when CKE is driven HIGH.

4. Training values are not retained by the device and must be written to the FSP-OP register set before returning to
operation at the trained frequency. For example, Vggr(ca) Will return to the value programmed in the original set
point.

5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus training mode entry.

N
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Figure 118: Command Bus Training Mode Exit with Power-Down Entry
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Notes: 1. The clock can be stopped or the frequency changed any time before tCKCKEH. CK must meet tCKCKEH before CKE
is driven HIGH. When CKE is driven HIGH, the clock frequency must be returned to the original frequency (that is,
the frequency corresponding to the FSP at command bus training mode entry.

CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior to command bus training
mode entry, that is, the original frequency set point (FSP-OP, MR13-OP[7]). For example, if the device was using
FSP-OP[1] for training, then it will switch to FSP-OP[0] when CKE is driven HIGH.

4, Training values are not retained by the device and must be written to the FSP-OP register set before returning to
operation at the trained frequency. For example, Vggp(ca) Will return to the value programmed in the original set
point.

5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus training mode entry.

N
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Write Leveling

Mode Register Write-WR Leveling Mode

To improve signal-integrity performance, the device provides a write leveling feature to compensate
for CK-to-DQS timing skew, affecting timing parameters such as 'DQSS, 'DSS, and 'DSH. The memory
controller uses the write leveling feature to receive feedback from the device, enabling it to adjust the
clock-to-data strobe signal relationship for each DQS_t/DQS_c signal pair. The device samples the
clock state with the rising edge of DQS signals and asynchronously feeds back to the memory
controller. The memory controller references this feedback to adjust the clock-to-data strobe signal
relationship for each DQS_t/DQS_c signal pair.

All data bits (DQ[7:0] for DQS[0] and DQ[15:8] for DQS[1]) carry the training feedback to the controller.
Both DQS signals in each channel must be leveled independently. Write leveling entry/exit is indepen-
dent between channels for dual-channel devices.

The device enters write leveling mode when mode register MR2-OP[7] is set HIGH. When entering

write leveling mode, the state of the DQ pins is undefined. During write leveling mode, only DESELECT
commands, or a MRW command to exit the WRITE LEVELING operation, are allowed. Depending on
the absolute values of ‘QSL and ‘QSH in the application, the value of 'DQSS may have to be better than

the limits provided in the AC Timing Parameters section in order to satisfy the 'DSS and 'DSH specifi-
cations. Upon completion of the WRITE LEVELING operation, the device exits write leveling mode
when MR2-OP[7] is reset LOW.

Write leveling should be performed before write training (DQS2DQ training).

Write Leveling Procedure

1. Enter write leveling mode by setting MR2-OP[7]=1.

2. Once in write leveling mode, DQS_t must be driven LOW and DQS_c HIGH after a delay of WLD-
QSEN.

3. Wait for a time '‘WLDQSEN before providing the first DQS signal input. The delay time

WLMRD (MAX) is controller-dependent.

4. The device may or may not capture the first rising edge of DQS_t due to an unstable first rising edge;
therefore, at least two consecutive pulses of DQS signal input is required for every DQS input signal
during write training mode. The captured clock level for each DQS edge is overwritten, and the
device provides asynchronous feedback on all DQ bits after time 'WLO.

5. The feedback provided by the device is referenced by the controller to increment or decrement the
DQS_t and/or DQS_c delay settings.

6. Repeat steps 4 and 5 until the proper DQS_t/DQS_c delay is established.

7. Exit write leveling mode by setting MR2-OP[7] = 0.
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Figure 119: Write Leveling Timing - tDQSL(MAX)
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Note: 1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH). However, a stable clock prior
to sampling is required to ensure timing accuracy.

Figure 120: Write Leveling Timing - 'DQSL(MIN)
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Note: 1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH). However, a stable clock prior
to sampling is required to ensure timing accuracy.

Input Clock Frequency Stop and Change

The input clock frequency can be stopped or changed from one stable clock rate to another stable clock
rate during write leveling mode. The frequency stop or change timing is shown below.
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Figure 121: Clock Stop and Timing During Write Leveling
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Notes: 1. CK_t is held LOW and CK_c is held HIGH during clock stop.
2. CS will be held LOW during clock stop.
Table 130: Write Leveling Timing Parameters
Parameter Symbol Min/Max Value Units
DQS_t/DQS_c delay after write leveling mode YWLDQSEN MIN 20 tck
is programmed MAX ~
Write preamble for write leveling YWLWPRE MIN 20 tck
MAX -
First DQS_t/DQS_c edge after write leveling YWLMRD MIN 40 tck
mode is programmed MAX ~
Write leveling output delay tWLO MIN 0 ns
MAX 20
MODE REGISTER SET command delay tMRD Refer to Mode Register Timing Parameter Table
Valid clock requirement before DQS toggle tCKPRDQS MIN MAX(7.5ns, 4nCK) -
MAX -
Valid clock requirement after DQS toggle tCKPSTDQS MIN MAX(7.5ns, 4nCK) -
MAX -
Table 131: Write Leveling Setup and Hold Timing
Data Rate
Parameter Symbol Min/Max 1600 2400 3200 3733 4267 Unit
Write leveling hold time tWLH MIN 150 100 75 62.5 50 ps
Write leveling setup time tWLS MIN 150 100 75 62.5 50 ps
Write leveling input valid tWLIVW MIN 240 160 120 105 90 ps
window
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Notes: 1. In addition to the traditional setup and hold time specifications, there is value in an invalid window-based speci-
fication for write leveling training. As the training is based on each device, worst-case process skews for setup and
hold do not make sense to close timing between CK and DQS.

2. "WLIVW is defined in a similar manner to TdIVW_total, except that here it is a DQS invalid window with respect to
CK. This would need to account for all voltage and temperature (VT) drift terms between CK and DQS within the
device that affect the write leveling invalid window.

The figure below shows the DQS input mask for timing with respect to CK. The “total” mask (‘WLIVW)
defines the time the input signal must not encroach in order for the DQS input to be successfully
captured by CK. The mask is a receiver property and it is not the valid data-eye.

Figure 122: DQS_t/DQS_c to CK_t/CK_c Timings at the Pins Referenced from the Internal Latch

Internal composite DQS eye
center aligned to CK

CK_t
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MULTIPURPOSE Operation

The device uses the MULTIPURPOSE command to issue a NO OPERATION (NOP) command and to
access various training modes. The MPC command is initiated with CS, and CA[5:0] asserted to the
proper state at the rising edge of CK, as defined by the Command Truth Table. The MPC command has
seven operands (OP[6:0]) that are decoded to execute specific commands in the SDRAM. OP|6] is a
special bit that is decoded on the first rising CK edge of the MPC command. When OP[6] = 0, the device
executes a NOP command, and when OP[6] = 1, the device further decodes one of several training
commands.

When OP[6] = 1 and the training command includes a READ or WRITE operation, the MPC command
must be followed immediately by a CAS-2 command. For training commands that read or write, READ
latency (RL) and WRITE latency (WL) are counted from the second rising CK edge of the CAS-2
command with the same timing relationship as a typical READ or WRITE command. The operands of
the CAS-2 command following a MPC READ/WRITE command must be driven LOW. The following
MPC commands must be followed by a CAS-2 command:

¢ WRITE-FIFO
¢ READ-FIFO
* READ DQ CALIBRATION

All other MPC commands do not require a CAS-2 command, including the following:
* NOP

START DQS INTERVAL OSCILLATOR

STOP DQS INTERVAL OSCILLATOR

ZQCAL START (ZQ CALIBRATION START)

ZQCAL LATCH (ZQ CALIBRATION LATCH)

Table 132: MPC Command Definition

SDR Command Pins SDR CA Pins
CKE
CK_t CK_t
SDR Command | (n-1) |CK _t(n) CcSs CAO0 CA1 CA2 CA3 CA4 CA5 Edge | Notes
MPC H H H L L L L L OP6 5 1,2
(Train, NOP)
L OPO OP1 OoP2 OP3 OP4 OP5 vy
Notes: 1. See the Command Truth Table for more information.

2.

MPC commands for READ or WRITE TRAINING operations must be immediately followed by the CAS-2 command,
consecutively, without any other commands in between. The MPC command must be issued before issuing the
CAS-2 command.

CCMO005-554574167-10834 1 77 Micron Technology, Inc. reserves the right to change products or specifications without notice.
z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

Table 133: MPC Commands

Function Operand Data
Training Modes OP[6:0] OXXXXXXb: NOP
1000001b: READ-FIFO: READ-FIFO supports only BL16 operation
1000011b: READ DQ CALIBRATION (MR32/MR40)
1000101b: RFU
1000111b: WRITE-FIFO: WRITE-FIFO supports only BL16 operation
1001001b: RFU
1001011b: START DQS OSCILLATOR
1001101b: STOP DQS OSCILLATOR
1001111b: ZQCAL START
1010001b: ZQCAL LATCH
All Others: Reserved

Notes: 1. See command truth table for more information.
2. MPC commands for READ or WRITE TRAINING operations must be immediately followed by CAS-2 command
consecutively without any other commands in-between. MPC command must be issued first before issuing the
CAS-2 command.
3. WRITE-FIFO and READ-FIFO commands will only operate as BL16, ignoring the burst length selected by MR1
OP[1:0].

Figure 123: WRITE-FIFO - 'WPRE = 2nCK, *WPST = 0.5nCK
TO T T2 T3 T4 Ta0 Ta1 Ta2 Tb0 Tb1 TcO Tc1 Tc2 T3 Tc4 Tc5 Tdo Td1

Td2 Td3 Td4 Td5 Te0 Tel Te2 Tfo Tfl Tg0 Tgl Tg2 Tg3

| | | | | | | | | | | |
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twpsT

twpsT
—| |- |-—

Do A WX NI DAY, 2 2 DO X O
oanso | T YA T W TR Ve BT
Don’tCare

Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during refresh or during self
refresh, with CKE HIGH.

2. Write-1 to MPC is shown as an example of command-to-command timing for MPC. Timing from Write-1 to
MPC[WRITE-FIFO] is "WRWTR.

3. Seamless MPC[WRITE-FIFO] commands may be executed by repeating the command every'CCD time.
MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL, 'DQSS, 'DQS2DQ) as a WRITE-1
command.

5. A maximum of five MPC[WRITE-FIFO] commands may be executed consecutively without corrupting FIFO data. The
sixth MPC[WRITE-FIFO] command will overwrite the FIFO data from the first command. If fewer than five
MPC[WRITE-FIFO] commands are executed, then the remaining FIFO locations will contain undefined data.

6. For the CAS-2 command following an MPC command, the CAS-2 operands must be driven LOW.
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7. Toavoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow MPC[WRITE-FIFO]/CAS-2 without
any other commands in-between. See Write Training section for more information on FIFO pointer behavior.

Figure 124: READ-FIFO - 'WPRE = 2nCK, 'WPST = 0.5nCK, 'RPRE = Toggling, ‘RPST = 1.5nCK
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Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during refresh or during self refresh
with CKE HIGH.

2. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every'CCD time.

MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, IDQSCK) as a READ-1 command.

4. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands,
the FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO]
commands were executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined
data. See Write Training for more information on the FIFO pointer behavior.

For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.

6. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training for
more information on DMI behavior.

w

v

Figure 125: READ-FIFO - 'RPRE = Toggling, 'RPST = 1.5nCK
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Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during refresh or during self refresh
with CKE HIGH.

2. MPC[READ-FIFO] to READ-1 operation is shown as an example of command-to-command timing for MPC. Timing
from MPC[READ-FIFO] command to read istRTRRD.

3. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every'CCD time.
MPC[READ-FIFQO] uses the same command-to-data timing relationship (RL, 'DQSCK) as a READ-1 command.

5. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands,
the FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO]
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commands are executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined data.
See Write Training for more information on the FIFO pointer behavior.
6. For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.
7. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training for
more information on DMI behavior.

Table 134: Timing Constraints for Training Commands

Previous
Command Next Command Minimum Delay Unit Notes
WR/MWR MPC[WRITE-FIFO] tWRWTR nCK 1
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ CALIBRATION] WL + RU('DQSS(MAX)/tCK) + nCK
BL/2 + RU("WTR/'CK)
RD/MRR MPC[WRITE-FIFO] tRTRRD ncCK 3
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ CALIBRATION] tRTRRD nCK 3
MPC[WRITE-FIFO] WR/MWR Not allowed - 2
MPC[WRITE-FIFO] tccp nCK
RD/MRR Not allowed - 2
MPC[READ-FIFO] WL + RU('DQSS(MAX)/tCK) + nCK
BL/2 + RU("WTR/'CK)
MPC[READ DQ CALIBRATION] Not allowed - 2
MPC[READ-FIFO] WR/MWR tRTRRD nCK 3
MPC[WRITE-FIFO] tRTW nCK 4
RD/MRR tRTRRD nCK 3
MPC[READ-FIFO] tccD nCK
MPC[READ DQ CALIBRATION] tRTRRD nCK 3
MPC[READ DQ CALI- WR/MWR tRTRRD nCK 3
BRATION]
MPC[WRITE-FIFO] tRTRRD nCK 3
RD/MRR tRTRRD nCK 3
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ CALIBRATION] tccD nCK

Notes: 1. "WRWTR = WL + BL/2 + RU(tDQSS(MAX)/tCK) + MAX(RU(7.5ns/tCK), 8nCK).
2. No commands are allowed between MPC[WRITE-FIFO] and MPC[READ-FIFO] except the MRW commands related

to training parameters.

3. 'TRTRRD = RL + RU('DQSCK(MAX)/tCK) + BL/2 + RD(RPST) + MAX(RU(7.5ns/tCK), 8nCK).

4. |n case of DQ ODT disable MR11 OP[2:0] = 000b,

RTW = RL + RU('DQSCK(MAX)/CK) + BL/2 - WL + "WPRE + RD('RPST).

In case of DQ ODT enable MR11 OP[2:0] # 000b,

TRTW = RL + RU('DQSCK(MAX)/ACK) + BL/2 + RD('RPST) - ODTLon - RD(tODTon(MIN)ACK) + 1.
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Read DQ Calibration Training

The READ DQ CALIBRATION TRAINING function outputs a 16-bit, user-defined pattern on the DQ
pins. Read DQ calibration is initiated by issuing a MPC[READ DQ CALIBRATION] command followed
by a CAS-2 command, which causes the device to drive the contents of MR32, followed by the contents
of MR40 on each of DQ[15:0] and DMI[1:0]. The pattern can be inverted on selected DQ pins according
to user-defined invert masks written to MR15 and MR20.

Read DQ Calibration Training Procedure

1. Issue MRW commands to write MR32 (first eight bits), MR40 (second eight bits), MR15 (eight-bit
invert mask for byte 0), and MR20 (eight-bit invert mask for byte 1).
In the alternative, this step could be replaced with the default pattern:
— MR32 default = 5Ah
— MR40 default =3Ch
— MR15 default = 55h
— MR20 default = 55h

2. Issue an MPC command, followed immediately by a CAS-2 command.

— Each time an MPC command followed by a CAS-2 is received by the device, a 16-bit data burst will
drive the eight bits programmed in MR32 followed by the eight bits programmed in MR40 on all
I/0 pins after the currently-set RL.

— The data pattern will be inverted for I/O pins with a 1 programmed in the corresponding invert
mask mode register bit (see table below).

— The pattern is driven on the DMI pins, but no DATA BUS INVERSION function is enabled, even if
read DBl is enabled in the mode register.

— The MPC command can be issued every ‘CCD seamlessly, and '‘RTRRD delay is required between
ARRAY READ command and the MPC command as well the delay required between the MPC
command and an ARRAY READ.

— The operands received with the CAS-2 command must be driven LOW.

3. DQ
— Read DQ calibration training can be performed with any or no banks active during refresh or
during self refresh with CKE HIGH.

Table 135: Invert Mask Assignments

DQ pin 0 1 2 3 DMIO 4 5 6 7
MR15 bit 0 1 2 3 N/A 4 5 6 7
DQ pin 8 9 10 11 DMI1 12 13 14 15
MR20 bit 0 1 2 3 N/A 4 5 6 7
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Figure 126: Read DQ Calibration Training Timing: Read-to-Read DQ Calibration
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Notes: 1. Read-1to MPC operation is shown as an example of command-to-command timing. Timing from Read-1 to MPC
command is 'RTRRD.

2. MPC uses the same command-to-data timing relationship (RL, DQsSCK, 'DQSQ) as a Read-1 command.
3. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.
4. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 127: Read DQ Calibration Training Timing: Read DQ Calibration to Read DQ Calibration/Read
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Notes: 1. MPC[READ DQ CALIBRATION] to MPC[READ DQ CALIBRATION] operation is shown as an example of
command-to-command timing.

2. MPC[READ DQ CALIBRATION] to READ-1 operation is shown as an example of command-to-command timing.
MPC[READ DQ CALIBRATION] uses the same command-to-data timing relationship (RL, 'DQSCK, 'DQSQ) as a
READ-1 command.

Seamless MPC[READ DQ CALIBRATION] commands may be executed by repeating the command every 'CCD time.
Timing from MPC[READ DQ CALIBRATION] command to READ-1 is tRTRRD.

BL = 16, Read preamble: Toggle, Read postamble: 0.5nCK.

DES commands are shown for ease of illustration; other commands may be valid at these times.

w

Nowv A~
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An example of read DQ calibration training output is shown in table below. This shows the 16-bit data
pattern that will be driven on each DQ in byte 0 when one READ DQ CALIBRATION TRAINING
command is executed. This output assumes the following mode register values are used:

¢ MR32 =1CH
¢ MR40 =59H
* MR15=55H
¢ MR20 =55H

Table 136: Read DQ Calibration Bit Ordering and Inversion Example

Bit Sequence—
Pin Invert 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
DQO Yes 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ1 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ2 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ3 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DMIO Never 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ4 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ5 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ6 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ7 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ8 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ9 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ10 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ11 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DMI1 Never 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ12 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ13 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ14 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ15 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0

Notes: 1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0] when read DQ calibration is
initiated via a MPC[READ DQ CALIBRATION] command. The pattern transmitted serially on each data lane, orga-
nized little endian such that the low-order bit in a byte is transmitted first. If the data pattern is 27H, then the first
bit transmitted with be a 1, followed by 1, 1, 0, 0, 1, 0, and 0. The bit stream will be 00100111 —.

2. MR15 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins. See MR15 and MR20 for more
information. Data is never inverted on the DMI[1:0] pins.

3. DMI [1:0] outputs status follows MR Setting vs. DMI Status table.

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBl is enabled in MR3-OP[6].

Table 137: MR Setting vs. DMI Status

DM Function WRITE DBIdc Function READ DBIdc Function
MR13 OP[5] MR3 OP[7] MR3 OP[6] DMI Status
1: Disable 0: Disable 0: Disable High-Z
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Table 137: MR Setting vs. DMI Status (Continued)

DM Function WRITE DBIdc Function READ DBIdc Function

MR13 OPI[5] MR3 OP[7] MR3 OP[6] DMI Status
1: Disable 1: Enable 0: Disable The data pattern is transmitted
1: Disable 0: Disable 1: Enable The data pattern is transmitted
1: Disable 1: Enable 1: Enable The data pattern is transmitted
0: Enable 0: Disable 0: Disable The data pattern is transmitted
0: Enable 1: Enable 0: Disable The data pattern is transmitted
0: Enable 0: Disable 1: Enable The data pattern is transmitted
0: Enable 1: Enable 1: Enable The data pattern is transmitted

MPC[READ DQ CALIBRATION] After Power-Down Exit

Following the power-down state, an additional time, 'MRRI, is required prior to issuing the MPC[READ
DQ CALIBRATION] command. This additional time (equivalent to '‘RCD) is required in order to be able
to maximize power-down current savings by allowing more power-up time for the read DQ data in
MR32 and MR40 data path after exit from standby, power-down mode.

Figure 128: MPC[READ DQ CALIBRATION] Following Power-Down State

TO Ta0 Tb0 Th1 Th2 Tc0 Tci1 Tc2 Tc3 Tc4 T5 Td0 Td1 Td2 Td3 Td4 Td5 Tdé Td7 Td8 Td9
CK_c |
CK_t

CKE

(&)

CA“““H‘W//

ﬂWV ////)A -

DD R 7

Command READ DQ CAL]>< CAS 2

/| Don’t Care
Write Training

The device uses an unmatched DQS-DQ path to enable high-speed performance and save power. As a
result, the DQS strobe must be trained to arrive at the DQ latch center-aligned with the data eye. The
DQ receiver is located at the DQ pad and has a shorter internal delay than the DQS signal. The DQ
receiver will latch the data present on the DQ bus when DQS reaches the latch, and training is accom-
plished by delaying the DQ signals relative to DQS such that the data eye arrives at the receiver latch
centered on the DQS transition.

Two modes of training are available:

¢ Command-based FIFO WR/RD with user patterns

* Aninternal DQS clock-tree oscillator, which determines the need for, and the magnitude of, required
training
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The command-based FIFO WR/RD uses the MPC command with operands to enable this special mode
of operation. When issuing the MPC command, if CA[5] is set LOW (OP[6] = 0), then the device will
perform a NOP command. When CA[5] is set HIGH, the CA[4:0] pins enable training functions or are
reserved for future use (RFU). MPC commands that initiate a read or write to the device must be
followed immediately by a CAS-2 command. See the MPC Operation section for more information.

To perform write training, the controller can issue an MPC[WRITE-FIFO] command with OP[6:0] set,
followed immediately by a CAS-2 command (CAS-2 operands should be driven LOW) to initiate a
WRITE-FIFO. Timings for MPC[WRITE-FIFO] are identical to WRITE commands, with WL timed from
the second rising clock edge of the CAS-2 command. Up to five consecutive MPC[WRITE-FIFO]
commands with user-defined patterns may be issued to the device, which will store up to 80 values
(BL16 x 5) per pin that can be read back via the MPC[READ-FIFO] command. (The WRITE/READ-FIFO
POINTER operation is described in a different section.

After writing data with the MPC[WRITE-FIFO] command, the data can be read back with the
MPC[READ-FIFO] command and results can be compared with "expected" data to determine whether
further training (DQ delay) is needed. MPC[READ-FIFO] is initiated by issuing an MPC command, as
described in the MPC Operation section, followed immediately by a CAS-2 command (CAS-2 operands
must be driven LOW). Timings for the MPC[READ-FIFO] command are identical to READ commands,
with RL timed from the second rising clock edge of the CAS-2 command.

READ-FIFO is nondestructive to the data captured in the FIFO; data may be read continuously until it
is disturbed by another command, such as a READ, WRITE, or another MPC[WRITE-FIFO]. If fewer
than five WRITE-FIFO commands are executed, unwritten registers will have undefined (but valid)
data when read back.

For example, if five WRITE-FIFO commands are executed sequentially, then a series of READ-FIFO
commands will read valid data from FIFO[0], FIFO[1]....FIFO[4] and then wrap back to FIFO[0] on the
next READ-FIFO. However, if fewer than five WRITE-FIFO commands are executed sequentially
(example = 3), then a series of READ-FIFO commands will return valid data for FIFO[0], FIFO[1], and
FIFO[2], but the next two READ-FIFO commands will return undefined data for FIFO[3] and FIFO[4]
before wrapping back to the valid data in FIFO[0].

The READ-FIFO pointer and WRITE-FIFO pointer are reset under the following conditions:
e Power-up initialization

e RESET_n asserted

* Power-down entry

e Selfrefresh power-down entry

The MPC[WRITE-FIFO] command advances the WRITE-FIFO pointer, and the MPC[READ-FIFO]
advances the READ-FIFO pointer. Also any normal (non-FIFO) READ operation (RD, RDA) advances
both WRITE-FIFO pointer and READ-FIFO pointer. Issuing (non-FIFO) READ operation command is
inhibited during write training period. To keep the pointers aligned, the SoC memory controller must
adhere to the following restriction at the end of Write training period:

b=a+(nxc)

Where:

'a' is the number of MPC[WRITE-FIFO] commands
'b' is the number of MPC[READ-FIFO] commands
'c' is the FIFO depth (= 5 for LPDDR4)

'n' is a positive integer, =0
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Figure 129: WRITE-to-MPC[WRITE-FIFO] Operation Timing
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Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during REFRESH or during SELF
REFRESH with CKE HIGH.
2. Write-1 to MPC is shown as an example of command-to-command timing for MPC. Timing from Write-1 to
MPC[WRITE-FIFO] is "WRWTR.
3. Seamless MPC[WR-FIFO] commands may be executed by repeating the command every'CCD time.

MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL,'DQSS, 'DQs2DQ) as a WRITE-1
command.

5. A maximum of five MPC[WRITE-FIFO] commands may be executed consecutively without corrupting FIFO data. The
sixth MPC[WRITE-FIFO] command will overwrite the FIFO data from the first command. If fewer than five
MPC[WRITE-FIFO] commands are executed, then the remaining FIFO locations will contain undefined data.

6. For the CAS-2 command following an MPC command, the CAS-2 operands must be driven LOW.

7. Toavoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow MPC[WRITE-FIFO]/CAS-2 without
any other commands disturbing FIFO pointers in between. FIFO pointers are disturbed by CKE LOW, WRITE,
MASKED WRITE, READ, READ DQ CALIBRATION, and MRR.

8. BL =16, Write postamble = 0.5nCK.

9. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 130: MPC[WRITE-FIFO]-to-MPC[READ-FIFO] Timing

T0 T T2 T3 T4 Ta0 Tal Ta2 Tb0 Th1 Th2 Tc0 Tcl T2 Tc3 Tc4 Tc5 Tdo  Td1 Td2 Td3 Td4 Td5 Te0 Tel Te2 Te3 TfO Tf1  Tgo Tg1

0 nlbn

70 VT ///,mmm

|
MPC 3
E [READ FIFO] A2

BL/2 + 1 clock WTR
|

DQSCK

|-—| tDQSS

tRPRE

o5 2 7Y 27 ﬂ@ﬁww

ow / 7 ﬁ AU A AU EUOCE POSZ
DontCare

Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during refresh or during self refresh
with CKE HIGH.
2. MPC[WRITE-FIFO] to MPC[READ-FIFO] is shown as an example of command-to-command timing for MPC. Timing
from MPC[WRITE-FIFO] to MPC[READ-FIFQ] is specified in the command-to-command timing table.
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3. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every'CCD time.

. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, IDQSCK, IDQSQ ) as a READ-1 command.
5. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands,
the FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO]
commands were executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined
data. See Write Training for more information on the FIFO pointer behavior.

For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.

7. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training
section for more information on DMI behavior.

8. BL =16, Write postamble = 0.5nCK, Read preamble: Toggle, Read postamble: 0.5nCK.

9. DES commands are shown for ease of illustration; other commands may be valid at these times.

o

Figure 131: MPC[READ-FIFO] to Read Timing
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Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during refresh or during self refresh

with CKE HIGH.
2. MPC[READ-FIFO] to READ-1 operation is shown as an example of command-to-command timing for MPC. Timing

from MPC[READ-FIFO] command to READ is 'RTRRD.
3. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every *CCD time.

. MPC[READ-FIFQ] uses the same command-to-data timing relationship (RL, DQSCK, 'DQSQ ) as a READ-1 command.
5. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands,
the FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO]
commands were executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined

data. See Write Training for more information on the FIFO pointer behavior.
6. For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.
7. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training for
more information on DMI behavior.
BL = 16, Read preamble: Toggle, Read postamble: 0.5nCK
9. DES commands are shown for ease of illustration; other commands may be valid at these times.

©
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Figure 132: MPC[WRITE-FIFO] with DQ ODT Timing
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MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during refresh or during self refresh

with CKE HIGH.

MPC[WRITE-FIFO] uses the same command-to-data/ODT timing relationship (RL, 'DQSCK, 'DQ52DQ, ODTLon,

ODTLoff, tODTon, 'ODToff) as a WRITE-1 command.
For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.
BL = 16, Write postamble = 0.5nCK.

DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 133: Power-Down Exit to MPC[WRITE-FIFO] Timing
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Notes: 1. Any commands except MPC[WRITE-FIFO] and other exception commands defined other section in this document
(for example. MPC[READ DQ CALIBRATION]).
2. DES commands are shown for ease of illustration; other commands may be valid at these times.

Table 138: MPC[WRITE-FIFO] AC Timing

Parameter Symbol MinMax Value Unit

Additional time after 'XXP has expired until TMPCWR MIN 'RCD + 3nCK -
MPC[WRITE-FIFO] command may be issued

Internal Interval Timer

As voltage and temperature change on the device, the DQS clock-tree delay will shift, requiring
retraining. The device includes an internal DQS clock-tree oscillator to measure the amount of delay
over a given time interval (determined by the controller), allowing the controller to compare the
trained delay value to the delay value seen at a later time. The DQS oscillator will provide the controller
with important information regarding the need to retrain and the magnitude of potential error.

The DQS interval oscillator is started by issuing an MPC command with OP[6:0] set as described in
MPC Operation, which will start an internal ring oscillator that counts the number of time a signal
propagates through a copy of the DQS clock tree.

The DQS oscillator may be stopped by issuing an MPC[STOP DQS OSCILLATOR] command with
OP[6:0] set as described in MPC Operation, or the controller may instruct the SDRAM to count for a
specific number of clocks and then stop automatically (See MR23 for more information). If MR23 is set
to automatically stop the DQS oscillator, then the MPC[STOP DQS OSCILLATOR] command should
not be used (illegal). When the DQS oscillator is stopped by either method, the result of the oscillator
counter is automatically stored in MR18 and MR19.

The controller may adjust the accuracy of the result by running the DQS interval oscillator for shorter
(less accurate) or longer (more accurate) duration. The accuracy of the result for a given temperature
and voltage is determined by the following equation, where run time = total time between START and

STOP commands and DQS delay = the value of the DQS clock tree delay (tDQSZDQ(MIN)/ (MAX)):

. . 2 x (DQS delay)
DQS oscillator granularity error = -
run time
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Additional matching error must be included, which is the difference between DQS training circuit and
the actual DQS clock tree across voltage and temperature. The matching error is vendor specific.
Therefore, the total accuracy of the DQS oscillator counter is given by:

DQS oscillator accuracy = 1 - granularity error - matching error

For example, if the total time between START and STOP commands is 100ns, and the maximum DQS
clock tree delay is 800ps (‘DQS2DQ(MAX)), then the DQS oscillator granularity error is:

DQS oscillat larit _ 2x©O8ns) o,
osciliator granu ari yerror— 100ns =1. (]

This equates to a granularity timing error of 12.8ps. Assuming a circuit matching error of 5.5ps across
voltage and temperature, the accuracy is:

12.8 +5.5

1 — R — 0,
DQS oscillator accuracy = 1 300 =97.7%

For example, running the DQS oscillator for a longer period improves the accuracy. If the total time
between START and STOP commands is 500ns, and the maximum DQS clock tree delay is 800ps

(‘DQS2DQ(MAX)), then the DQS oscillator granularity error is:

DQS oscillat larit _2x08n9) o,
oscillator granu ari y error = 500ns = 0. (1]

This equates to a granularity timing error or 2.56ps. Assuming a circuit matching error of 5.5ps across
voltage and temperature, the accuracy is:

2.56 +5.5

1 — . 0,
DQS oscillator accuracy = 1 300 =99.0%

The result of the DQS interval oscillator is defined as the number of DQS clock tree delays that can be
counted within the run time, determined by the controller. The result is stored in MR18-OP[7:0] and
MR19-0OP[7:0].

MR18 contains the least significant bits (LSB) of the result, and MR19 contains the most significant bits
(MSB) of the result. MR18 and MR19 are overwritten by the SDRAM when a MPC[STOP DQS OSCIL-
LATOR] command is received.

The SDRAM counter will count to its maximum value (= 2/A16) and stop. If the maximum value is read
from the mode registers, the memory controller must assume that the counter overflowed the register
and therefore discard the result. The longest run time for the oscillator that will not overflow the
counter registers can be calculated as follows:

Longest runtime interval = 21 x t{DQS2DQ(MIN) = 2'¢ x 0.2ns = 13.1ps

DQS Interval Oscillator Matching Error

The interval oscillator matching error is defined as the difference between the DQS training ckt
(interval oscillator) and the actual DQS clock tree across voltage and temperature.

Parameters:

'DQS2DQ: Actual DQS clock tree delay

'DQSpgc: Training ckt (interval oscillator) delay

OSCofiser: Average delay difference over voltage and temperature (shown below)

OSChfatch: DQS oscillator matching error
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Figure 134: Interval Oscillator Offset - OSC,¢fs0t
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Table 139: DQS Oscillator Matching Error Specification

Parameter Symbol Min Max Unit Notes

DQS oscillator matching error OSChatch -20 20 ps 1,2, 3,4,

5,6,7,8

DQS oscillator offset OSCyffset -100 100 ps 2,4.7

Notes: 1.

A

5.
6.
7.

The OSCpatch is the matching error per between the actual DQS and DQS interval oscillator over voltage and

temperature.
This parameter will be characterized or guaranteed by design.
The OSCpatch is defined as the following:

OSCyaen = [ 'DQS2DQyy, 1) - "DQSosc(y, 1) - OSCotiset ]

Where 'DQS2DQ(V,T) and "DQSOSC(V,T) are determined over the same voltage and temperature conditions.
The runtime of the oscillator must be at least 200ns for determining tDQSOSC(V,T).

Runtime
DQBoscV D =1 = count

The input stimulus for 'DQ52DQ will be consistent over voltage and temperature conditions.
The OSC¢sset is the average difference of the endpoints across voltage and temperature.

These parameters are defined per channel.
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8. 1DQS2DQ(V,T) delay will be the average of DQS-to-DQ delay over the runtime period.

OSC Count Readout Time

OSC Stop to its counting value readout timing is shown in following figures.

Figure 135: In Case of DQS Interval Oscillator is Stopped by MPC Command
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Note: 1. DQS interval timer run time setting: MR23 OP[7:0] = 00000000b.

Figure 136: In Case of DQS Interval Oscillator is Stopped by DQS Interval Timer
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Notes: 1. DQS interval timer run time setting: MR23 OP[7:0] = 00000000b.
2. Setting counts of MR23.
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Table 140: DQS Interval Oscillator AC Timing

Parameter

Symbol Min/Max Value Unit

Delay time from OSC stop to mode register readout tosco MIN MAX(40ns, 8nCK) ns

Note: 1. START DQS OSCILLATOR command is prohibited until tOSCO(MIN) is satisfied.

Thermal Offset

Because of tight thermal coupling, hot spots on an SOC can induce thermal gradients across the device.
Because these hot spots may not be located near the thermal sensor, the temperature compensated
self refresh (TCSR) circuit may not generate enough refresh cycles to guarantee memory retention. To
address this shortcoming, the controller can provide a thermal offset that the memory can use to adjust
its TCSR circuit to ensure reliable operation.

This thermal offset is provided through MR4 OP[6:5] to either or both channels (dual-channel devices).
This temperature offset may modify refresh behaviour for the channel to which the offset is provided.
It will take a maximum of 200ps to have the change reflected in MR4 OP[2:0] for the channel to which
the offset is provided. If the induced thermal gradient from the device temperature sensor location to
the hot spot location of the controller is greater than 15°C, self refresh mode will not reliably maintain
memory contents.

To accurately determine the temperature gradient between the memory thermal sensor and the
induced hot spot, the memory thermal sensor location must be provided to the controller.

Temperature Sensor

The device has a temperature sensor that can be read from MR4. This sensor can be used to determine
the appropriate refresh rate, to determine whether AC timing de-rating is required at an elevated
temperature range, and to monitor the operating temperature. Either the temperature sensor or the
device Tgpgg can be used to determine if operating temperature requirements are being met.

The device monitors device temperature and updates MR4 according to 'TSI. Upon exiting self refresh
or power-down, the device temperature status bits shall be no older than ‘TSI.

When using the temperature sensor, the actual device case temperature may be higher than the Topgg
specification that applies to standard or elevated temperature ranges. For example, Tcpgg may be

above 85°C when MR4[2:0] = b011. The device enables a 2°C temperature margin between the point
when the device updates the MR4 value and the point when the controller reconfigures the system
accordingly. When performing tight thermal coupling of the device to external hot spots, the maximum
device temperature may be higher than indicated by MR4.

To ensure proper operation when using the temperature sensor, consider the following:

* TempGradient is the maximum temperature gradient experienced by the device at the temperature
of interest over a range of 2°C.

* ReadInterval is the time period between MR4 reads from the system.
* TempSensorInterval (*TSI) is the maximum delay between the internal updates of MRA4.
* SysRespDelay is the maximum time between a read of MR4 and a response from the system.

In order to determine the required frequency of polling MR4, the system uses the TempGradient and
the maximum response time of the system in the following equation:
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TempGradient x (ReadInterval + ‘TSI + SysRespDelay) < 2°C

Table 141: Temperature Sensor

Parameter Symbol Max/Min Value Unit
System temperature gradient TempGradient MAX System Dependent °C/s
MR4 read interval ReadInterval MAX System Dependent ms
Temperature sensor interval t1s) MAX 32 ms
System response delay SysRespDelay MAX System Dependent ms
Device temperature margin TempMargin MAX 2 °C

For example, if TempGradient is 10°C/s and the SysRespDelay is 1ms:
(10°C/s) x (ReadInterval + 32ms + 1ms) < 2°C

In this case, ReadInterval shall be no greater than 167ms.

Figure 137: Temperature Sensor Timing
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ZQ Calibration

The MPC command is used to initiate ZQ calibration, which calibrates the output driver impedance
and CA/DQ ODT impedance across process, temperature, and voltage. ZQ calibration occurs in the
background of device operation and is designed to eliminate any need for coordination between chan-
nels (that is, it allows for channel independence). ZQ calibration is required each time that the PU-Cal
value (MR3-OP[0]) is changed. Additional ZQ CALIBRATION commands may be required as the
voltage and temperature change in the system environment. CA ODT values (MR11-OP[6:4]) and DQ

ODT values (MR11-OP[2:0]) may be changed without performing ZQ calibration, as long as the PU-Cal
value doesn’t change.

There are two ZQ calibration modes initiated with the MPC command: ZQCAL START and ZQCAL

LATCH. ZQCAL START initiates the calibration procedure, and ZQCAL LATCH captures the result and
loads it into the drivers.
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A ZQCAL START command may be issued anytime the device is not in a power-down state. A ZQCAL
LATCH command may be issued anytime outside of power-down after ZQCAL has expired and all DQ

bus operations have completed. The CA bus must maintain a deselect state during '‘ZQLAT to allow CA
ODT calibration settings to be updated. The DQ calibration value will not be updated until ZQCAL

LATCH is performed and "ZQLAT has been met. The following mode register fields that modify I/0
parameters cannot be changed following a ZQCAL START command and before 'ZQCAL has expired:
* PU-Cal (pull-up calibration Vg point)

e PDDS (pull-down drive strength and Rx termination)
* DQ ODT (DQ ODT value)
e CAODT (CA ODT value)

ZQCAL Reset

The ZQCAL RESET command resets the output impedance calibration to a default accuracy of +30%
across process, voltage, and temperature. This command is used to ensure output impedance accu-
racy to +30% when ZQCAL START and ZQCAL LATCH commands are not used.

The ZQCAL RESET command is executed by writing MR10-OP[0] = 1B.

Table 142: ZQ Calibration Parameters

Parameter Symbol Min/Max Value Unit
ZQCAL START to ZQCAL LATCH command interval tZQCAL MIN 1 Hs
ZQCAL LATCH to next valid command interval tZQLAT MIN MAX(30ns, 8nCK) ns
ZQCAL RESET to next valid command interval tZQRESET MIN MAX(50ns, 3nCK) ns

Figure 138: ZQCAL Timing

T0 T T2 T3 T4 T5 T6 T7 T8 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Tab Ta7 Tb0  Tb1 Tb2  Th3 Tb4 Tb5 The Th7 Tc0 Tcl T2 T3 Tcd Tc5 Tc6

W /mm////
E@@@@ TRAIN/CAL

DQS_t ‘
pos c W Jiin, /

W;

QOO 17717777277 Vi iz
D Transitioning Data Don't Care

Notes: 1. WRITE and PRECHARGE operations are shown for illustrative purposes. Any single or multiple valid commands may

be executed within the 'ZQCAL time and prior to latching the results.

2. Before the ZQCAL LATCH command can be executed, any prior commands that utilize the DQ bus must have
completed. WRITE commands with DQ termination must be given enough time to turn off the DQ ODT before
issuing the ZQCAL LATCH command. See the ODT section for ODT timing.

DQ[15:0]Wj dy

Multichannel Considerations

The device includes a single ZQ pin and associated ZQ calibration circuitry. Calibration values from
this circuit will be used by both channels according to the following protocol:

e The ZQCAL START command can be issued to either or both channels.
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e The ZQCAL START command can be issued when either or both channels are executing other

commands, and other commands can be issued during ‘ZQCAL.

* The ZQCAL START command can be issued to both channels simultaneously.

* The ZQCAL START command will begin the calibration unless a previously requested ZQ calibration
is in progress.

e Ifthe ZQCAL START command is received while a ZQ calibration is in progress, the command will be
ignored and the in-progress calibration will not be interrupted.

e The ZQCAL LATCH command is required for each channel.

e The ZQCAL LATCH command can be issued to both channels simultaneously.

e The ZQCAL LATCH command will latch results of the most recent ZQCAL START command
provided 'ZQCAL has been met.

e ZQCAL LATCH commands that do not meet ‘ZQCAL will latch the results of the most recently
completed ZQ calibration.

e The ZQRESET MRW commands will only reset the calibration values for the channel issuing the
command.

In compliance with complete channel independence, either channel may issue ZQCAL START and
ZQCAL LATCH commands as needed without regard to the state of the other channel.

ZQ External Resistor, Tolerance, and Capacitive Loading

To use the ZQ CALIBRATION function, a 240 ohms, +1% tolerance external resistor must be connected
between the ZQ pin and Vppq.

If the system configuration shares the CA bus to form a x32 (or wider) channel, the ZQ pin of each die’s
x16 channel must use a separate ZQCAL resistor.

If the system configuration has more than one rank, and if the ZQ pins of both ranks are attached to a
single resistor, then the SDRAM controller must ensure that the ZQCAL's don’t overlap.

The total capacitive loading on the ZQ pin must be limited to 25pF. For example, if a system configu-
ration shares a CA bus between n channels to form an rn x16 wide bus, and no means are available to
control the ZQCAL separately for each channel (that is, separate CS, CKE, or CK), then each x16 channel
must have a separate ZQCAL resistor. For a x32, two-rank system, each x16 channel must have its own
ZQCAL resistor, but the ZQCAL resistor can be shared between ranks on each x16 channel. In this
configuration, the CS signal can be used to ensure that the ZQCAL commands for Rank[0] and Rank[1]
don’t overlap.
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Frequency set points enable the CA bus to be switched between two differing operating frequencies
with changes in voltage swings and termination values, without ever beingin an untrained state, which
could result in a loss of communication to the device. This is accomplished by duplicating all CA bus
mode register parameters, as well as other mode register parameters commonly changed with oper-

ating frequency.

These duplicated registers form two sets that use the same mode register addresses, with read/write
access controlled by MR bit FSP-WR (frequency set point write/read) and the operating point
controlled by MR bit FSP-OP (FREQUENCY SET POINT operation). Changing the FSP-WR bit enables
MR parameters to be changed for an alternate frequency set point without affecting the current oper-

ation.

Once all necessary parameters have been written to the alternate set point, changing the FSP-OP bit

will switch operation to use all of the new parameters simultaneously (within ‘FC), eliminating the
possibility of a loss of communication that could be caused by a partial configuration change.

Parameters that have two physical registers controlled by FSP-WR and FSP-OP include those in the

following table.

Table 143: Mode Register Function With Two Physical Registers

MR Number Operand Function Notes
MR1 OP[2] WR-PRE (Write preamble length)
OP[3] RD-PRE (Read preamble type)
OP[6:4] nWR (Write-recovery for AUTO PRECHARGE command)
OP[7] RD-PST (Read postamble length)
MR2 OP[2:0] RL (READ latency)
OP[5:3] WL (WRITE latency)
OP[6] WLS (WRITE latency set)
MR3 OP[0] PU-CAL (Pull-up calibration point) 1
OP[1] WR-PST(Write postamble length)
OP[5:3] PDDS (Pull-down drive strength)
OPI[6] DBI-RD (DBI-read enable)
OP[7] DBI-WR (DBI-write enable)
MR11 OP[2:0] DQ ODT (DQ bus receiver on-die termination)
OP[6:4] CA ODT (CA bus receiver on-die termination)
MR12 OPI[5:0] Vrerca) (VRer(ca) setting)
OPI[6] VRca (VRer(ca) range)
MR14 OPI[5:0] Vrerdq) (VRer(pq) setting)
OPI[6] VRpq (VRerpq) range)
MR22 OPJ[2:0] SOC ODT (Controller ODT value for Vg calibration)
OP[3] ODTE-CK (CK ODT enabled for non-terminating rank)
OP[4] ODTE-CS (CS ODT enable for non-terminating rank)
OP[5] ODTD-CA (CA ODT termination disable)
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Note: 1. For dual-channel devices, PU-CAL setting is required as the same value for both Ch.A and Ch.B before issuing ZQ-
CAL START command. See Mode Register Definition section for more details.

The table below shows how the two mode registers for each of the parameters in the previous table can
be modified by setting the appropriate FSP-WR value and how device operation can be switched
between operating points by setting the appropriate FSP-OP value. The FSP-WR and FSP-OP functions
operate completely independently.

Table 144: Relation Between MR Setting and DRAM Operation

MR# and
Function Operand Data Operation Notes
FSP-WR MR13 OP[6] | O (default) | Data write to mode register N for FSP-OP[0] by MRW command. 1
Data read from mode register N for FSP-OP[0] by MRR command.
1 Data write to mode register N for FSP-OP[1] by MRW command.
Data read from mode register N for FSP-OP[1] by MRR command.
FSP-OP MR13 OP[7] | 0 (default) | DRAM operates with mode register N for FSP-OP[0] setting. 2
1 DRAM operates with mode register N for FSP-OP[1] setting.

Notes: 1. FSP-WR stands for frequency set point write/read.
2. FSP-OP stands for frequency set point operating point.

Frequency Set Point Update Timing

The frequency set point update timing is shown below. When changing the frequency set point via
MR13 OP[7], the Vgggsetting: MR13 OP[3] have to be changed into Vggg fast response (high current)

mode at the same time. After frequency change time (‘FC) is satisfied. Vg can be changed into
normal operation mode via MR13 OP[3].
Figure 139: Frequency Set Point Switching Timing
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I I
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, 'CKFSPE | Frequency

7 7 | change

I

o

i i ! I
CKFSPX, ! 'WRCG_DISABLE
T T 7

I
I I I ‘ I I I I I
I I I I I I I I I
I I I I I I I I I
CA DES >< MRW-1 >< MRW-1 >< MRW-2 >< MRW-2 >< DES e z DES W d /
| i i i ‘ | | | | | | | i i
I I I I I I I I I I I I I
I I I L I I I . I I
FSP changes from 0 to 1 Vgcg changes

Command DES >< Vreg changes from normal to HIGH current >< DES 2 z DES W //2 / E from H?é?q current to normal

| | | | | | , ‘ | | | | |

I I I I I I I I I

I

tFC_short/middle/long

|
Mode register for FSP-OP0 2 / Switching mode register 2 / >Q 2 Mode register for FSP-OP1
h
T T T T T T T T T

Applicable
mode register

Don’t Care

Note: 1. For frequency change during frequency set point switching, refer to Input Clock Stop and Frequency Change sec-
tion.
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Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 4267 | Unit | Notes
Frequency set point switching time tEC_short MIN 200 ns 1
tFC_middle MIN 200 ns
Valid clock requirement after entering tCKFSPE MIN MAX(7.5ns, 4nCK) -
FSP change
Valid clock requirement before first tCKESPX MIN MAX(7.5ns, 4nCK) -
valid command after FSP change

Note: 1. Frequency set point switching time depends on value of Vggp(ca) setting: MR12 OP[5:0] and Vggg(ca) range: MR12
OP[6] of FSP-OP 0 and 1. The details are shown in table below. Additionally change of frequency set point may
affect Vgrep(pg) setting. Settling time of Vgep(pq) level is the same as Vgegca) level.

Table 146: *FC Value Mapping

Step Size Range
Application From FSP-OP0O To FSP-OP1 From FSP -OP0 To FSP-OP1
tFC_short Base A single step size incre- Base No change
ment/decrement
tFC_middle Base Two or more step size Base No change
increment/decrement
tC_long - - Base Change
Note: 1. As well as change from FSP-OP1 to FSP-OPO.
Table 147: *FC Value Mapping: Example
FSP-OP: VRer(ca) Setting: | Vggp(ca) Range:
Case From/To MR13 OP[7] MR12: OP[5:0] MR12 OP[6] Application Notes
1 From 0 001100 0 tFC_short 1
To 1 001101 0
2 From 0 001100 0 tEC_middle 2
To 1 001110 0
3 From 0 Don't Care 0 YFC_long 3
To 1 Don't Care 1

Notes: 1. A single step size increment/decrement for Vggg(ca) setting value.
2. Two or more step size increment/decrement for Vgeg(ca) setting value.

3. VRer(ca) range is changed. In this case, changing Vggp(ca) setting doesn’t affect YFC value.

The LPDDR4 SDRAM defaults to FSP-OP[0] at power-up. Both set points default to settings needed to
operate in un-terminated, low-frequency environments. To enable the device to operate at higher
frequencies, Command bus training mode should be utilized to train the alternate frequency set point.

See Command Bus Training section for more details on this training mode.
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Figure 140: Training for Two Frequency Set Points
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Once both of the frequency set points have been trained, switching between points can be performed
with a single MRW followed by waiting for time 'FC.

Figure 141: Example of Switching Between Two Trained Frequency Set Points

State n-1:
FSP-OP = 1
g_pirate a(;c » MRW command > Oé).erate at d
'gh spee State n: FSP-OP = 0 tFC medium spee
\i
State n-1:
FSP-OP = 0
MRW command > }?_pﬁrate a(;c
State n: FSP-OP =1 tFC Igh spee

Switching to a third (or more) set point can be accomplished if the memory controller has stored the
previously-trained values (in particular the Vggp(cp) calibration value) and rewrites these to the alter-

nate set point before switching FSP-OP.
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Figure 142: Example of Switching to a Third Trained Frequency Set Point
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Pull-Up and Pull-Down Characteristics and Calibration
Table 148: Pull-Down Driver Characteristics — ZQ Calibration
RonPD,nom Register Min Nom Max Unit
40 ohms RON40PD 0.90 1.0 1.10 RzQ/G
48 ohms RON48PD 0.90 1.0 1.10 RZQ/S
60 ohms RONGOPD 0.90 1.0 1.10 RZQ/4
80 ohms RONSOPD 0.90 1.0 1.10 RZQ/3
120 ohms RON120PD 0.90 1.0 1.10 RZQIZ
240 ohms RoN240PD 0.90 1.0 1.10 Rzo/1
Note: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp values are +30%.
Table 149: Pull-Up Characteristics - ZQ Calibration
VoHPU,nom VoH,nom Min Nom Max Unit
VDDQ X 05 300 090 10 1 10 VOH,nom
Vppq x 0.6 360 0.90 1.0 1.10 VoH,nom
Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Rgnpp values are +30%.
2. Vou,nom (MV) values are based on a nominal Vppq = 0.6V.
Table 150: Valid Calibration Points
ODT Value
Vonru 240 120 80 60 48 40
Vppq * 0.5 Valid Valid Valid Valid Valid Valid
Vbpq * 0.6 DNU Valid DNU Valid DNU DNU

Notes: 1. After the output is calibrated for a given Vo ,om Calibration point, the ODT value may be changed without reca-
libration.
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2. If the Vgy nom calibration point is changed, then recalibration is required.

3. DNU = Do not use.

On-Die Termination for the Command/Address Bus

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

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

Figure 143: 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. Generally only one termination
load will be present even if multiple devices are sharing the command signals. In contrast to LPDDR4
where the ODT_CA input is used in combination with mode registers, LPDDR4X uses mode registers
exclusively to enable CA termination. Before enabling CA termination via MR11, all ranks should have
appropriate MR22 termination settings programmed. In a multi rank system, the terminating rank
should be trained first, followed by the non-terminating rank(s).

Table 151: Command Bus ODT State

CA ODT ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] MR22 OP[5] | MR22 OP[3] | MR22 OP[4] for CA for CK for CS
Disabled Valid? Valid? Valid? Off Off Off
Valid? 0 0 0 On On On
Valid? 0 0 1 on on off
Valid?2 0 1 0 On Off On
Valid2 0 1 1 On off Off
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Table 151: Command Bus ODT State (Continued)

CA ODT ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] | MR22 OP[S] | MR22 OP[3] | MR22 OP[4] for CA for K for Cs
Valid?2 1 0 0 Off On On
Valid? 1 0 1 off On off
Valid?2 1 1 0 Off Off On
Valid2 1 1 1 Off Off Off
Notes: 1. Default value
2. Valid=0or1
ODT Mode Register and ODT Characteristics
Table 152: ODT DC Electrical Characteristics for Command/Address Bus
MR11 OP[6:4] R Vour Min Nom Max Unit Notes
001b 2400 VoLpa = 0.2 x Vppq 0.8 1.0 1.1 Rzg/1 1,2
Vompa) = 0.50 x Vppg 0.9 1.0 1.1
Vorpe) = 0.75 x Vppg 0.9 1.0 1.3
010b 1200 VoLpa = 0.2 x Vppq 0.8 1.0 1.1 Rzq/2 1,2
Vompo = 0.50 x Vppq 0.9 1.0 1.1
Vorpe) = 0.75 x Vppg 0.9 1.0 1.3
011b 800 Voo = 0-2 x Vppq 0.8 1.0 1.1 Rzo/3 1,2
Vompo = 0.50 x Vppq 0.9 1.0 1.1
Voo = 0.75 x Vppg 0.9 1.0 1.3
100b 600 VoLpa = 0.2 x Vppq 0.8 1.0 1.1 Rzq/4 1,2
Vome) = 0-50 x Vppq 0.9 1.0 1.1
Vor(po) = 0.75 x Vppq 0.9 1.0 1.3
101b 480 VoLpa = 0-2 x Vppq 0.8 1.0 1.1 Rzo/5 1,2
Vompa) = 0.50 x Vppg 0.9 1.0 1.1
Voo = 0.75 x Vppg 0.9 1.0 1.3
110b 400 VoLpo) = 0.2 x Vppg 0.8 1.0 1.1 Rzq/6 1,2
Vomoa) = 0.50 x Vppg 0.9 1.0 1.1
Vor(po) = 0.75 x Vppq 0.9 1.0 1.3
Mismatch CA-to-CA within clock 0.50 x Vppq - - 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 0.50 x Vppq. Other calibration points may be used

to achieve the linearity specification shown above; for example, calibration at 0.75 x Vppq and 0.20 x Vppq.
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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 = RM\”
Ropr (AVG)

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

ODT for CA Update Time
Figure 144: ODT for CA Setting Update Timing in 4-Clock Cycle Command
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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.

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 Ryt is determined by the MR bits.

Figure 145: Functional Representation of DQ ODT
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Table 153: ODT DC Electrical Characteristics for DQ Bus

MR11 OP[2:0] Ryt Vour Min Nom Max Unit Notes

001b 2400 VoLoo = 0-2 x Vppg 0.8 1.0 1.1 Rzq/1 1,2
Vomoo = 0.50 x Vppq 0.9 1.0 1.1
Voroo = 0.75 x Vppq 0.9 1.0 1.3

010b 1200 VoLoo = 0.2 x Vppg 0.8 1.0 1.1 Rzq/2 1,2
Vomoo = 0.50 x Vppq 0.9 1.0 1.1
Vonoo) = 0.75 x Vppq 0.9 1.0 1.3

011b 800 VoLoo = 02 x Vppg 0.8 1.0 1.1 Rzo/3 1,2
Vomoo = 0-50 x Vppq 0.9 1.0 1.1
Vonoo = 0.75 x Vppq 0.9 1.0 1.3

100b 600 VoLoo = 02 x Vppg 0.8 1.0 1.1 Ryo/4 1,2
Vomoa = 0-50 x Vppq 0.9 1.0 1.1
Voroo = 0.75 x Vppq 0.9 1.0 1.3
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Table 153: ODT DC Electrical Characteristics for DQ Bus (Continued)

MR11 OP[2:0] Ryt Vour Min Nom Max Unit Notes
101b 480 Voo = 0-2 x Vppq 0.8 1.0 1.1 Rzq/5 1,2
Vomoe) = 0.50 x Vppq 0.9 1.0 1.1
Vohe) = 0.75 x Vppq 0.9 1.0 1.3
110b 400 VoL(pc) = 0.2 x Vppq 0.8 1.0 1.1 Rzq/6 1,2
Vomoa) = 0-50 x Vppq 0.9 1.0 1.1
Vorpo) = 0.75 x Vppq 0.9 1.0 1.3
Mismatch DQ-to-DQ within 0.50 x Vppq - - 2 % 1,2,3
clock group

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 0.50 x Vppq. Other calibration points may be used

to achieve the linearity specification shown above, for example, calibration at 0.75 x Vppq and 0.20 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. Ryzq=2400 +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 widen according to the
tables below.

Table 154: Output Driver and Termination Register Sensitivity Definition

Definition
Resistor Point Min Max Unit | Notes
Ronep | 0.50 x Vppg | 90 - (dRongr * IAT]) - (dRongy * [AV]) | 110 + (dRongt * |AT]) + (dRongy % [AV]) | % 1,2
Voupu | 0.50 x Vppg | 90 - (dVougr * |AT] - (dVougy x |1AV]) | 110 + (dVougr * |AT]) + (dVopgy * |AV]) 1,2
Rrraioy | 0-50 x Vppg | 90 - (dRongr * [AT)) - (dRongy * [AV]) | 110 + (dRongr * |AT]) + (dRongy * [AV]) 1,2, 3
Rrrany 0.50 x Vpp;y 90 - (dRongT * IAT)) - (dRongy * |AV]) 110 + (dRongT * |AT)) + (dRongy * |AV]) 1,2, 4

Notes: 1. AT =T - T(@calibration), AV =V - V(@calibration)
2. dRongT: 9Rondv: 9VondT dVoHdv: dRt1gv: and dRrgt 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 Vgupy-

Table 155: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit

dRoNngT Ron temperature sensitivity 0 0.75 %/°C

dRoNndv Ron Vvoltage sensitivity 0 0.20 Y%/mV
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Symbol Parameter Min Max Unit
dVouaT Von temperature sensitivity 0 0.75 %/°C
dVoHav VoH voltage sensitivity 0 0.35 %/mV
dRy1gT Rtt temperature sensitivity 0 0.75 %!/°C
dR1tqv Ryt voltage sensitivity 0 0.20 %/mV

ODT Mode Register

The ODT mode is enabled if MR11 OP[2:0] are non-zero. In this case, the value of Ryt is determined by
the settings of those bits. The ODT mode is disabled if MR11 OP[2:0] = 0.

Asynchronous ODT

When ODT mode is enabled in MR11 OP[2:0], DRAM ODT is always High-Z. The DRAM ODT feature is
automatically turned ON asynchronously after a WRITE-1, MASK WRITE- 1, or MPC[WRITE-FIFO]
command. After the burst write is complete, the DRAM ODT turns OFF asynchronously. The DQ bus
ODT control is automatic and will turn the ODT resistance on/off if DQ ODT is enabled in the mode
register.

The following timing parameters apply when the DQ bus ODT is enabled:

e ODTLon, 'ODTon(MIN), ‘'ODTon(MAX)

¢ ODTLoff, 'ODToff(MIN), ‘'ODToff(MAX)
ODTLqy is a synchronous parameter and is the latency from a CAS-2 command to the ‘'ODTon refer-

ence. ODTLy latency is a fixed latency value for each speed bin. Each speed bin has a different
ODTLgy latency.

Minimum Rprturn-on time (tODTon(MIN)) is the point in time when the device termination circuit
leaves High-Z and ODT resistance begins to turn on.

Maximum Rprturn on time (*ODTon(MAX)) is the point in time when the ODT resistance is fully on.

'ODTon(MIN) and 'ODTon(MAX) are measured after ODTLy latency is satisfied from CAS-2
command.

ODTLqpgis a synchronous parameter and it is the latency from CAS-2 command to ‘'ODToff reference.
ODTLggr latency is a fixed latency value for each speed bin. Each speed bin has a different ODTLqgr
latency.

Minimum Rppturn-off time (‘ODToff(MIN)) is the point in time when the device termination circuit
starts to turn off the ODT resistance.

Maximum ODT turn off time (‘ODToff(MAX)) is the point in time when the on-die termination has
reached High-Z.

'ODToff(MIN) and 'ODToff(MAX) are measured after ODTLqpp latency is satisfied from CAS-2
command.
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Table 156: ODTLgy and ODTLgge Latency Values

ODTLgy Latency’

YWPRE = 2 tcK ODTLq; Latency?
WL Set A WL Set B WL Set A WL Set B Lower Upper
(nCK) (nCK) (nCK) (nCK) Frequency Limit (>) (MHz) | Frequency Limit (<) (MHz2)

N/A N/A N/A N/A 10 266

N/A N/A N/A N/A 266 533

N/A 6 N/A 22 533 800
4 12 20 28 800 1066
4 14 22 32 1066 1333
6 18 24 36 1333 1600
6 20 26 40 1600 1866
8 24 28 44 1866 2133

Notes: 1. ODTLgqy is referenced from CAS-2 command.
2. ODTLggf as shown in table assumes BL = 16. For BL32, 8'CK should be added.

Figure 146: Asynchronous ODTon/ODToff Timing
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Notes: 1. BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vgsq termination.
2. D|y n = data-in to column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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DQ ODT During Power-Down and Self Refresh Modes

DQ bus ODT will be disabled in power-down mode. In self refresh mode, the ODT will be turned off
when CKE is LOW but will be enabled if CKE is HIGH and DQ ODT is enabled in the mode register.

ODT During Write Leveling Mode

If ODT is enabled in MR11 OP[2:0] in write leveling mode, the device always provides the termination
on DQS signals. DQ termination is always off in write leveling mode.

Table 157: Termination State in Write Leveling Mode

DQ[15:0]1/DMI[1:0]
ODT State in MR11 OP[2:0] DQS Termination Termination
Disabled Off Off
Enabled On Off

Target Row Refresh Mode

The device limits the number of times that a given row can be accessed within a refresh period (‘REFW
x 2) prior to requiring adjacent rows to be refreshed. The maximum activate count (MAC) is the
maximum number of activates that a single row can sustain within a refresh period before the adjacent
rows need to be refreshed. The row receiving the excessive actives is the target row (TRn), the adjacent
rows to be refreshed are the victim rows. When the MAC limit is reached on TRn, either the device
receives all (R x 2) REFRESH commands before another row activate is issued, or the device should be
placed into targeted row refresh (TRR) mode. The TRR mode will refresh the rows adjacent to the TRn

that encountered '™MAC limit.

If the device supports unlimited MAC value: MR24 OP[2:0] = 000 and MR24 OP[3] = 1, TARGET ROW
REFRESH operation is not required. Even though the device allows to set MR24 OP[7] = 1: TRR mode
enable, in this case the device behavior is vendor specific. For example, a certain device may ignore
MRW command for entering/exiting TRR mode or a certain device may support commands related
TRR mode. See vendor device data sheets for details about TRR mode definition at supporting unlim-
ited MAC value case.

There could be a maximum of two target rows to a victim row in a bank. The cumulative value of the
activates from the two target rows on a victim row in a bank should not exceed MAC value.

MR24 fields are required to support the new TRR settings. Setting MR24 OP[7] = 1 enables TRR mode
and setting MR24 OP[7] = 0 disables TRR mode. MR24 OP[6:4] defines which bank (BAn) the target row
islocated in (refer to MR24 table for details).

The TRR mode must be disabled during initialization as well as any other device calibration modes.
The TRR mode is entered from a DRAM idle state, once TRR mode has been entered, no other mode
register commands are allowed until TRR mode is completed; however, setting MR24 OP[7] =0 to inter-
rupt and reissue the TRR mode is allowed.

When enabled, TRR mode is self-clearing. The mode will be disabled automatically after the comple-

tion of defined TRR flow (after the third BAn precharge has completed plus "MRD). Optionally, the TRR
mode can also be exited via another MRS command at the completion of TRR by setting MR24 OP[7] =
0. If the TRR is exited via another MRS command, the value written to MR24 OP[6:4] are "Don’t Care."

TRR Mode Operation

1. The timing diagram depicts TRR mode. The following steps must be performed when TRR mode is
enabled. This mode requires all three ACT (ACT1, ACT2, and ACT3) and three corresponding PRE
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commands (PRE1, PRE2, and PRE3) to complete TRR mode. PRECHARGE All (PREA) commands
issued while the device is in TRR mode will also perform precharge to BAn and counts towards PREn
command.

. Prior to issuing the MRW command to enter TRR mode, the device should be in the idle state. MRW

command must be issued with MR24 OP[7] = 1 and MR24 OP[6:4] defining the bank in which the
targeted row is located. All other MR24 bits should remain unchanged.

. No activity is to occur with the device until 'MRD has been satisfied. When '™MRD has been satisfied,

the only commands allowed BAn, until TRR mode has completed, are ACT and PRE.

. The first ACT to the BAn with the TRn address can now be applied; no other command is allowed at

this point. All other banks must remain inactive from when the first BAn ACT command is issued
until [(1.5 x 'RAS) + 'RP] is satisfied.

. After the first ACT to the BAn with the TRn address is issued, PRE to BAn is to be issued (1.5 x 'RAS)

later; and then followed ‘RP later by the second ACT to the BAn with the TRn address.

. After the second ACT to the BAn with the TRn address is issued, PRE to BAn is to be issued 'RAS later

and then followed 'RP later by the third ACT to the BAn with the TRn address.

. After the third ACT to the BAn with the TRn address is issued, PRE to BAn would be issued ‘RAS later.

TRR mode is completed once 'RP plus 'MRD is satisfied.

. TRR mode must be completed as specified to guarantee that adjacent rows are refreshed. Anytime

the TRR mode is interrupted and not completed, the interrupted TRR mode must be cleared and
then subsequently performed again. To clear an interrupted TRR mode, MR24 change is required
with setting MR24 OP[7] = 0, MR24 OP[6:4] are "Don’t Care," followed by three PRE to BAn, with 'RP
time in between each PRE command. The complete TRR sequence (steps 2—7) must be then reissued
and completed to guarantee that the adjacent rows are refreshed.

. AREFRESH command to the device, or entering self refresh mode, is not allowed while the device is

in TRR mode.

Figure 147: Target Row Refresh Mode
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TRn is the targeted row.

Bank BAN represents the bank in which the targeted row is located.

TRR mode self-clears after 'MRD + 'RP measured from the third BAn precharge PRE3 at clock edge Th4.

TRR mode or any other activity can be re-engaged after 'RP + 'MRD from the third BAn precharge PRE3. PRE_ALL
also counts if it is issued instead of PREn. TRR mode is cleared by the device after PRE3 to the BAn bank.
ACTIVATE commands to BAn during TRR mode do not provide refresh support (the refresh counter is unaffected).
The device must restore the degraded row(s) caused by excessive activation of the targeted row (TRn) necessary to
meet refresh requirements.

A new TRR mode must wait *™MRD + 'RP time after the third precharge.
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8. BAn may not be used with any other command.
9. ACT and PRE are the only allowed commands to BAn during TRR mode.
10. REFRESH commands are not allowed during TRR mode.

11. All timings are to be met by DRAM during TRR mode, such as tFAW. Issuing ACT1, ACT2, and ACT3 counts towards
'FAW budget.

Post-Package Repair

The device has fail row address repair as an optional post-package repair (PPR) feature and it is read-
able through MR25 OP[7:0].

PPR provides simple and easy repair method in the system and fail row address can be repaired by the
electrical programming of Electrical-fuse scheme. The device can correct one row per bank with PPR.

Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller
should prevent unintended PPR mode entry and repair.

Failed Row Address Repair

The following is procedure of PPR:

. Before entering PPR mode, all banks must be precharged.

. Enable PPR using MR4 OP[4] = 1 and wait 'MRD.

. Issue ACT command with fail row address.

. Wait 'PGM to allow the device repair target row address internally then issue PRECHARGE

. Wait 'PGM_EXIT after PRECHARGE, which allows the device to recognize repaired row address

RAn.
6. Exit PPR mode with setting MR4 OP[4] = 0.

7. The device is ready for any valid command after 'PGMPST.
8. In more than one fail address repair case, repeat step 2 to 7.

[S2 I~ G NS

Once PPR mode is exited, to confirm whether the target row has correctly repaired, the host can verify
the repair by writing data into the target row and reading it back after PPR exit with MR4 OP[4] = 0 and

tPGMPST.

The following timing diagram shows PPR operation.
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Figure 148: Post-Package Repair Timing
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Notes: 1. During PGM, any other commands (including refresh) are not allowed on each die.

2. With one PPR command, only one row can be repaired at one time per die.

3. When PPR procedure completes, reset procedure is required before normal operation.

4. During PPR, memory contents are not refreshed and may be lost.
Table 158: Post-Package Repair Timing Parameters
Parameter Symbol Min Max Units
PPR programming time tpGM 1000 - ms
PPR exit time tPGM_EXIT 15 - ns
New address setting time tPGMPST 50 - 15
CCMO005-554574167-10834 212 Micron Technology, Inc. reserves the right to change products or specifications without notice.

z42n_embedded_lpddrax_Ipddr4.pdf - Rev. B 05/2022 EN © 2022 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary
d(('}l Cro n LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Read Preamble Training

Read preamble training is supported through the MPC function.

This mode can be used to train or read level the DQS receivers. After read preamble training is enabled
by MR13 OP[1] = 1, the device will drive DQS_t LOW and DQS_c HIGH within 'SDO and remain at these
levels until an MPC[READ DQ CALIBRATION] command is issued.

During read preamble training, the DQS preamble provided during normal operation will not be
driven by the device. After the MPC[READ DQ CALIBRATION] command is issued, the device will drive
DQS_t/DQS_c and DQ like a normal READ burst after RL and ‘DQSCK. Prior to the MPC[READ DQ
CALIBRATION] command, the device may or may not drive DQ[15:0] in this mode.

While in read preamble training mode, only READ DQ CALIBRATION commands may be issued.

e Issue an MPC[READ DQ CALIBRATION] command followed immediately by a CAS-2 command.

* Each time an MPC[READ DQ CALIBRATION] command followed by a CAS-2 is received by the
device, a 16-bit data burst will, after the currently set RL, drive the eight bits programmed in MR32
followed by the eight bits programmed in MR40 on all I/0 pins.

* The data pattern will be inverted for I/ O pins with a 1 programmed in the corresponding invert mask
mode register bit.

* Note that the pattern is driven on the DMI pins, but no DATA BUS INVERSION function is enabled,
even if read DBI is enabled in the DRAM mode register.

e This command can be issued every ‘CCD seamlessly.
* The operands received with the CAS-2 command must be driven LOW.

Read preamble training is exited within 'SDO after setting MR13 OP[1] = 0.

Figure 149: Read Preamble Training
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Note: 1. Read DQ calibration supports only BL16 operation.
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Stresses greater than those listed in the table below may cause permanent damage to the device. This
is a stress rating only, and functional operation of the device at these conditions, or any other condi-
tions outside those indicated in the operational sections of this document, is not implied. Exposure to

absolute maximum rating conditions for extended periods may adversely affect reliability.

Table 159: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Vpp1 supply voltage relative to Vgg Vbp1 -0.4 2.1 1
Vppz supply voltage relative to Vgg Vpp2 -0.4 1.5 \Y 1
Vppq supply voltage relative to Vgg Vbbg -0.4 1.5 \Y 1
Voltage on any ball relative to Vgg Vine Vout -0.4 1.5 \

Storage temperature Ts1g =55 125 °C 2

Notes: 1. For information about relationships between power supplies, see the Voltage Ramp and Device Initialization

section.

2. Storage temperature is the case surface temperature on the center/top side of the device. For measurement condi-

tions, refer to the JESD51-2 standard.

AC and DC Operating Conditions

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

initialized properly.

Table 160: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vpp1 1.70 1.80 1.95 Core 1 power \Y 1,2
Vbb2 1.06 1.10 1.17 Core 2 power/Input buffer \ 1,23

power
Vbbq 0.57 0.60 0.65 I/0 buffer power Vv 2,3

Notes: 1. Vpp4 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.

Table 161: Input Leakage Current

Parameter/Condition

Symbol

Max

Unit

Notes

Input leakage current

I

-4

4

pA

1,2

Notes: 1. For CK_t, CK_c, CKE, CS, CA, ODT_CA, and RESET_n. Any input OV < V|y < Vpp>. All other pins not under test = 0V.
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2. CA ODT is disabled for CK_t, CK_c, CS, and CA.

Micron Confidential and Proprietary

Table 162: Input/Output Leakage Current

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Parameter/Condition Symbol Min Max Unit Notes
Input/Output leakage current loz -5 5 HA 1,2
Notes: 1. For DQ, DQS_t, DQS_c, and DMI. Any I/O OV < Voyr < Vppo-
2. 1/Os status are disabled: High impedance and ODT off.

Table 163: Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
Standard TopEr Note 4 85 °C
Elevated 85 Note 4 °C

Notes: 1. Operating temperature is the case surface temperature at the center of the top side of the device. For measure-
ment conditions, refer to the JESD51-2 standard.

2. Some applications require the operation of LPDDR4 in the maximum temperature conditions in the elevated
temperature range from 85°C to 105°C case temperature. For LPDDR4 devices, derating may be necessary to
operate in this range. Refer to MRA4.

3. Either the device case temperature rating or the temperature sensor can be used to set an appropriate refresh rate,
determine the need for AC timing derating, and/or monitor the operating temperature (see Temperature Sensor).
When using the temperature sensor, the actual device case temperature may be higher than the Topgg rating that
applies for the standard or elevated temperature range. For example, Tcase could be above +85°C when the

temperature sensor indicates a temperature of less than +85°C.
4. Refer to operating temperature range on top page.

Micron Technology, Inc. reserves the right to change products or specifications without notice.
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A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

AC and DC Input Measurement Levels

Input Levels for CKE

Table 164: Input Levels

Parameter Symbol Min Max Unit Notes
Input HIGH level (AC) Vi) 0.75 x Vpp> Vppy + 0.2 \Y 1
Input LOW level (AC) ViLao) -0.2 0.25 x Vpp>y \Y 1
Input HIGH level (DC) ViHDe) 0.65 x Vpp> Vppz + 0.2 \

Input LOW level (DC) ViLoo -0.2 0.35 x Vpp3y \Y,

Note: 1. See the AC Overshoot and Undershoot section.
Figure 150: Input Timing Definition for CKE

V \%

IH(AC) IH(DC)
evel VL W)
level 3 E
VIL(AC) VIL(DC>

% Don’t Care

Input Levels for RESET_n

Table 165: Input Levels

Parameter Symbol Min Max Unit Notes
Input HIGH level V|H 0.80 x VDD2 VDDZ + 0.2 \ 1
Input LOW level V||_ -0.2 0.20 x VDDZ \% 1

Note: 1. See the AC Overshoot and Undershoot section.

Figure 151: Input Timing Definition for RESET_n

v/ -

Don’t Care
Differential Input Voltage for CK

The minimum input voltage needs to satisfy both Vi, 4ifr cx and Vipgier cx/2 specification at input

receiver and their measurement period is 1'‘CK. Viyqifr cx is the peak-to-peak voltage centered on 0
volts differential and Vj,qifr cx/2 is maximum and minimum peak voltage from 0 volts.
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A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

Figure 152: CK Differential Input Voltage
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Table 166: CK Differential Input Voltage

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit Note
CK differential input voltage | Vingiff ck 420 - 380 - 360 - mV 1

Note: 1. The peak voltage of differential CK signals is calculated in a following equation.
* Vingiff_ck = Maximum peak voltage) - (Minimum peak voltage)
e Maximum peak voltage = MAX(f(t))
e Minimum peak voltage = MIN(f(t))
* f(t) = Vet - Veke

Peak Voltage Calculation Method
The peak voltage of differential clock signals are calculated in a following equation.
i VIH.DIFF.peak VOltage = MAX(f(t))
i VIL.DIFF.peak VOltage = MIN(f(t))
* f() =Vex - Vex e

CCMO005-554574167-10834 21 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

AMcron

Figure 153: Definition of Differential Clock Peak Voltage
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Note: 1. VRggp(ca) is device internal setting value by Vggg training.

Single-Ended Input Voltage for Clock

The minimum input voltage need to satisfy Viyse cxo Vinse cx_micay and Vinse cx_row specification at
input receiver.

Figure 154: Clock Single-Ended Input Voltage
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Note: 1. VRggp(ca) is device internal setting value by Vggr training.
Table 167: Clock Single-Ended Input Voltage
1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Clock single-ended Vinse K 210 - 190 - 180 - mV
input voltage
CCMO005-554574167-10834 21 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Table 167: Clock Single-Ended Input Voltage (Continued)

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Clock single-ended input Vinse_CK_HIGH 105 - 95 - 90 - mV
Voltage HIGH from VREF(CA)
Clock single-ended input Vinse CK_LOW 105 - 95 - 90 - mV
voltage LOW from Vgep(ca)

Differential Input Slew Rate Definition for Clock

Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown below in figure

and the tables.

Figure 155: Differential Input Slew Rate Definition for CK_t, CK_c

CK_t-CK_c
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ViHdiff_ck

Differential Input Voltage : f(t)
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' Peak
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Time

Notes: 1. Differential signal rising edge from V| 4itt ck 0 Viugifs ck must be monotonic slope.
2. Differential signal falling edge from V yqif ck to V|Lgiff ck must be monotonic slope.

Table 168: Differential Input Slew Rate Definition for CK_t, CK_c

Description From To Defined by
Differential input slew rate for ViLdiff_ck VIHdiff_cK IViLditf ck - V|Hdiff_CK|/ATRdiff
rising edge (CK_t - CK_¢)
Differential input slew rate for ViHdiff_ck ViLdiff_ck IViLdiff_ck - Vindife_ck/ATFdiff
falling edge (CK_t - CK_c)
Table 169: Differential Input Level for CK_t, CK_c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential Input HIGH VIHdiff_cK 175 - 155 - 145 - mV
Differential Input LOW ViLdiff_ck - -175 - -155 - -145 mV
CCMO005-554574167-10834 21 9 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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é-y Icron General LPDDR4X Specification

Table 170: Differential Input Slew Rate for CK_t, CK_c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit

Differential input SRIdiff_CK 2 14 2 14 2 14 V/ns
slew rate for clock

Differential Input Cross-Point Voltage

The cross-point voltage of differential input signals (CK_t, CK_c) must meet the requirements in table
below. The differential input cross-point voltage Vix is measured from the actual cross-point of true

and complement signals to the mid level.

Figure 156: V;,Definition (Clock)
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Table 171: Cross-Point Voltage for Differential Input Signals (Clock)
1600/1867 2133/2400/3200 3733/4267

Parameter Symbol Min Max Min Max Min Max Unit

Clock differential input Vix_cK _ratio - 25 - 25 - 25 %
cross-point voltage ratio

Notes: 1. Vix ck_ratio is defined by this equation: Viy ck ratio = Vix_cx_r/IMIN(f(1))|
2. Vix ck_ratio is defined by this equation: Vix ck ratio = Vix_ck_rR/MAX(f(t))
3. Vix ck_rr is defined as delta between crosspoint (CK_t fall, CK_c rise) to MIN(f(t))/2.
4. In LPDDR4 un-terminated case, CK mid level is calculated as:
* High level = Vppq; Low level = Vgg; Mid level = Vppgpn

e In LPDDR4 un-terminated case, mid level must be equal or lower than 369mV (33.6% of Vpp»)

5. Notes 1-4 apply to entire table.
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A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

Differential Input Voltage for DQS

The minimum input voltage needs to satisfy both Vi, qitr pgs and Vingitr pgs/2 specification at input

receiver and their measurement period is 1UT (‘CK/2). Vindift DQs 18 the peak to peak voltage centered
on 0 volts differential and Vi, giff pgs/2 is maximum and minimum peak voltage from 0 volts.

Figure 157: DQS Differential Input Voltage
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Table 172: DQS Differential Input Voltage

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit Note
DQS differential input volt- Vindiff_DQs 360 - 360 - 340 - mV 1
age

Note: 1. The peak voltage of differential DQS signals is calculated in a following equation.
* Vindgiff pgs = (Maximum peak voltage) - (Minimum peak voltage)
e Maximum peak voltage = MAX(f(t))
* Minimum peak voltage = MIN(f{(t))
* f(t) = Vpgs - Vpgs. ¢

Peak Voltage Calculation Method

The peak voltage of differential DQS signals are calculated in a following equation.
* VIH.DIFF.peakVoltage = MAX(£(t))
* VIL DIFF.peak VOItage = MIN(f(t))

* () = Vpgs_t - VDQs ¢
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A{V}l Cron LPDDR4X/LPDDR4 SDRAM

General LPDDR4X Specification

Figure 158: Definition of Differential DQS Peak Voltage
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Note: 1. Vggr(pq) is device internal setting value by Vgg training.

Single-Ended Input Voltage for DQS

The minimum input voltage need to satisfy Vinse pQs: Vinse DQs_HigH @nd Vinse DQs_Low Specification
at input receiver.

Figure 159: DQS Single-Ended Input Voltage
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Note: 1. VRggrpq) is device internal setting value by Vg training.

Table 173: DQS Single-Ended Input Voltage

1600/1867 2133/2400/3200 3733/4267

Parameter Symbol Min Max Min Max Min Max Unit
DQS single-ended Vinse_DQs 180 - 180 - 170 - mV
input voltage
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Table 173: DQS Single-Ended Input Voltage (Continued)

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
DQS single-ended input Vinse_DQS_HIGH 90 - 90 - 85 - mV
V0|tage HIGH from VREF(DQ)
DQS single-ended input Vinse_DQS_LOW 90 - 90 - 85 - mV
voltage LOW from Vgee(pq)

Differential Input Slew Rate Definition for DQS

Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as shown below in

figure and the tables.

Figure 160: Differential Input Slew Rate Definition for DQS_t, DQS_c
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Notes: 1. Differential signal rising edge from V) 4itf pqs t0 Vinditt pqs Must be monotonic slope.
2. Differential signal falling edge from Vit pas to Vi giff pqs Must be monotonic slope.

Table 174: Differential Input Slew Rate Definition for DQS_t, DQS_c

Description From To Defined by

Differential input slew rate for V|Ldiff DQs VIHdiff_DQS IViLditf DQs - Vindiftf posV/ATRdiff
rising edge (DQS_t - DQS_¢)

Differential input slew rate for V|Hdiff_DQS V|Ldiff_DQ5 |V|Ldiff_DQS - V|Hdiff_DQS|/ATFdiff
falling edge (DQS_t - DQS_c)

Table 175: Differential Input Level for DQS_t, DQS ¢

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max |Unit
Differential Input HIGH VIHdiff_DQs 140 - 140 - 120 - mV
Differential Input LOW V\Ldiff DQS - -140 - -140 - -120 mV
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Table 176: Differential Input Slew Rate for DQS_t, DQS_c

LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential input slew rate SRIdiff 2 14 2 14 2 14 V/ns

Differential Input Cross-Point Voltage

The cross-point voltage of differential input signals (DQS_t, DQS_c) must meet the requirements in
table below. The differential input cross-point voltage Vix is measured from the actual cross-point of

true and complement signals to the mid level that is Vrgrp)-

Figure 161: V;,Definition (DQS)
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Note: 1. The base levels of Vi pqs rr @and Vix pas_rr are Vrerpq) that is device internal setting value by Vggp training.

Table 177: Cross-Point Voltage for Differential Input Signals (DQS)

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
DQS differential input Vix_DQs._ratio - 20 - 20 - 20 %
cross-point voltage ratio
Notes: 1. Vix pqs_ratio is defined by this equation: Vi pqs_ratio = Vix_pas_rr/IMIN(f(t))|
2. Vix pQs_ratio is defined by this equation: Vi pqs_ratio = Vix_pgs Re/MAX(f(t))
3. Notes 1 and 2 apply to entire table.
Input Levels for ODT_CA
Table 178: Input Levels for ODT_CA
Parameter Symbol Min Max Unit
oDT input HIGH level V|HODT 0.75 x VDDZ VDDZ +0.2 \Y
OoDT inpu‘t LOW level V|LODT -0.2 0.25 x VDDZ V
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C‘E/'?l Cro no LPDDR4X/LPDDR4 SDRAM
General LPDDR4X Specification

Output Slew Rate and Overshoot/Undershoot Specifications

Single-Ended Output Slew Rate

Table 179: Single-Ended Output Slew Rate

Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Vo = Vppg X 0.5) SRQse 3.0 9.0 V/ns
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

Vorac) = 0-8 x Vor(po)-
Slew rates are measured under average SSO conditions with 50% of the DQ signals per data byte switching.
6. Notes 1-5 apply to entire table.

v

Figure 162: Single-Ended Output Slew Rate Definition
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