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Features

This data sheet specifies the operation of the unified

LPDDR4 and LPDDR4X product, and first describes

specific requirements for LPDDR4X 0.6V Vppq opera-
tion. When using the product as an LPDDR4 device,

refer to LPDDR4 setting section LPDDR4 1.10V Vppq
at the end of this data sheet.

* Ultra-low-voltage core and I/O power supplies
- Vppi = 1.70-1.95V; 1.80V nominal

= Vop2=1.06=1.17V; 1.10VY nominal

- Vope=1.06-1.17V; 1.10V nominal

or low Vppg = 0.57-0.65V; 0.60V nominal

* Frequency range

— 1600-10MHz (data rate range: 3200-20 Mbps/pin)
— 1866-10 MHz (data rate range: 3733-20 Mbps /pin)
— 2133-10 MHz (data rate range: 4266-20 Mbps /pin)

* 16n prefetch DDR architecture

* 8 internal banks per channel for concurrent opera-
tion

* Single-data-rate CMD/ADR entry

* Bidirectional/differential data strobe per byte lane

* Programmable READ and WRITE latencies (RL/WL)

* Programmable and on-the-fly burst lengths (BL =
16,32)

* Directed per-bank refresh for concurrent bank op-
eration and ease of command scheduling

* Up to 8.5 GB/s per die

* On-chip temperature sensor to control self refresh
rate

* Partial-array self refresh (PASR)

* Selectable output drive strength (DS)

* Clock-stop capability

* RoHS-compliant, “green” packaging

* Programmable Vss (ODT) termination

* Single-ended CK and DQS support

* Improved *RFCab/*RFCpb = 280ns/140ns

Table I: Key Timing Parameters
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Options
* Vooi/Vop2/Voog: 1.80V/1.10V/1.10V or 0.60V

* Array configuration

— 2Gigx 32 (2 channels x16 1/O x 2 ranks)

* Device configuration

Note: |I.

— 4 die in package
FBGA “green” package

— 200-ball TFBGA (10mm % [4.5mm x
I.Imm, ©0.40 SMD)

Speed grade, cycle time
- 468ps @ RL = 36/40

Operating temperature range
- -25°C to +85°C

=IT :-25°C to +95°C

-AT :-40°C to +105°C

Based on automotive usage model. Contact

Clock Rate Data Rate WRITE Latency READ Latency
(MHz) (Mbps/pin) Set Set DBI DBI
A B Disabled Enabled
1866 3733 16 30 32 36
2133 4266 18 34 36 40
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Device Configuration

The table below shows 16Gb single-channel die configuration used in the package.

Table 2: Device Configuration

N

1G16
(16 Gb/Package)

1G32
(32 Gb/Package)

2G32
(64 Gb/Package)

Die organization in
the package

Channel A, rank 0

%16 mode x | die

x16 mode x | die

x16 mode x | die

Channel A, rank |

x16 mode x | die

Channel B, rank 0

x16 mode x | die

x16 mode x | die

Channel B, rank |

x16 mode x | die

Die addressing Bank address BA[2:0] BA[2:0] BA[2:0]
Row addresses R[16:0] R[16:0] R[16:0]
Column addresses C[9:0] C[9:0] C[9:0]
Note: 1. Refer to Package Block Diagrams section and SDRAM Addressing section.
Refresh Requirement Parameters
Table 3: Refresh Requirement Parameters
Parameter Symbol 16Gb Single-Channel Die Unit
REFRESH cycle time (all banks) ‘RFCab 280 ns
REFRESH cycle time (per bank) ‘RFCpb 140 ns
Per bank refresh to per bank refresh time (different bank) ‘PBR2PB 90 ns
R
Notes: |. This table only describes refresh parameters which are density dependent.

2. *RFCab and *RFCpb in this table supersede and are improved values from JEDEC specifications. Refer to Re- fresh
Requirement section for all the refresh parameters.
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Part Number and Part Marking Information

Part Number Ordering

Table 4: Part Number List

"

PartNumber

Total Density

Data Rate per Pin

XS47A08GCDBAEGA

8GByte

4266 Mb/s
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General Description

General Notes

The 16Gb low-power DDR4 SDRAM (LPDDR4) or low Vppq (LPDDR4X) is a high-speed, CMOS dynamic random-
access memory device. This 8-bank device is internally config- ured with x16 1/O.

Each of the x 16 2,147,483,648-bit banks is organized as 131,072 rows by 1024 columns by |6 bits.
Throughout the data sheet, figures and text refer to DQs as DQ. DQ should be interpre- ted 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, un- less stated otherwise. 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 VREF(CA)
and VREF(DQ)-

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 re- quirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, not sup- ported, 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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Package Block Diagrams

Figure 4: Quad-Die, Dual-Channel, Dual-Rank Package Block Diagram (x32 1/O)
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Ball Assignments and Descriptions

Figure 7: 200-Ball Dual-Channel, Dual-Rank Discrete FBGA (x32 1/O)

Top View (ball down)

|:| LPDDR4_A (Channel A) |:| LPDDR4_B (Channel B) D ZQ, ODT_CA, RESET . Supply . Ground
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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 in- put
CK t B,CK c B signals are sampled on positive edge of CK_t and the negative edge of CK_c. AC tim- ings for

CA parameters are referenced to clock. Each channel (A, B) has its own clock pair.

CKEO_A, CKEI_A, Input | Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals, in-

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

CS0_A,CSI_A, Input | Chip select: Each channel (A, B) has its own CS signals.

CS0_B, CSI_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 Vpp2 within the package, or

at the package ball, for the terminating rank, and the non-terminating ranks are bon- ded
to Vss (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 MRI | and MR22. The ODT_CA pin shall be connected to a valid logic

level.
RESET_n Input |RESET: When asserted LOW, the RESET pin resets all channels of the die.
DQII5:0]_A, /10 Data input/output: Bidirectional data bus.
DQII5:0]_B
DQS[1:0]_t_A, /0 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
DQS[I:0]_t_B, READ and is edge-aligned with data. The data strobe is generated by the SoC memory
DQS[I1:0]_c_B controller 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 bidirectional sig- nal
DMI[1:0]_B used to indicate data to be masked, and data which is inverted on the bus. For data bus
inversion (DBI), the DMI signal is driven HIGH when the data on the data bus is inver- ted, 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.
ZQ0, ZQI Reference | ZQ calibration reference: Used to calibrate the output drive strength and the termina- tion

resistance. The ZQ pin shall be connected to Vpbpe through a 240Q *1% resistor.

Vobas Yobi» Yopz | Supply |Power supplies: Isolated on the die for improved noise immunity.

Vss Supply |Ground reference: Power supply ground reference.
DNU - Do not use: Must be grounded or left floating.
NC - No connect: Not internally connected.
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Figure 9: 200-Ball TFBGA - 10mm x 14.5mm x I.Imm
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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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MRO, MR[6:5], MR8, MRI13, MR24 Definition

Table 6: Mode Register Contents

Notes | and 2 apply to entire table.

Mode Register OP7 OPé6 OP5 OP4 OP3 OP2 OPI OPO
MRO Single- Latency REF
ended mode
mode

OP[0] = Ob: Both legacy and modified refresh mode supported OP[1]
= Ob: Device supports normal latency
OP[5] = Ib: Device supports single-ended mode

MR5 Manufacturer ID

LT 111D : Micron
MRé6 Revision IDI

0000 0110b
MR8 1/0 width Density
OP[7:6] = OP[5:2] =01 10b: 16Gb single-channel die
00b: x16/channel

MRI3 | VRO

OP[2] = 0b: Normal operation (default)
Ib: Output the VRrer(ca) value on DQ7 and VRrer(pQ) value on DQ6

MR24 TRR Unlimited MAC value
mode MAC
OP[3:0] = 1000b: Unlimited MAC

OP[7] = Ob: Disable (default)
Ib: Reserved

Notes: |. The contents of MRO, MR[6:5], MR8, MR13, and MR24 reflect information specific to each die in
these packages.

2. Other bits not defined above and other mode registers are referred to Mode Register Assignments
and Definitions section.
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LPDDR4 Ipp Parameters

Refer to LPDDR4 Ipp Specification Parameters and Test Conditions section for detailed conditions.

Table 7: LPDDR4 Ipp Specifications under 4266 Mb/s — Single Die

Vbb2, VDDQ = 1.06-1.17V; VDD1 = 1.70-1.95V

> Y
XSEMITRON
\-/

Tc/4266 Mbls
Parameter Supply 95°C 105°C 125°C Unit Note
looos Voo! 5.2 5.2 6.0 mA
Ibpoz Vbb2 37.0 37.0 39.0
Ibboq Vbbo 0.75 0.75 0.75
Ibp2pi Vbpi 2.2 2.2 3.8 mA
Ibp2p2 Vbp2 4.6 4.6 5.0
Ibp2po Vbbo 0.75 0.75 0.75
Ibp2psi Vobi 22 22 3.8 mA
Ibp2ps2 Vop2 4.6 4.6 5.0
Ibp2pse Vbbo 0.75 0.75 0.75
Ibpani Vbpi 2.2 2.2 3.7 mA
Ibp2n2 Vbb2 20.0 20.0 21.0
Ibp2ng Vbbo 0.75 0.75 0.75
Ibpansi VoI 2.2 22 3.7 mA
Ibp2ns2 Vbp2 18.0 18.0 19.0
Ibp2nse Vbbo 0.75 0.75 0.75
Ibp3pi Vbpi 2.2 2.2 4.0 mA
Ibp3p2 Vb2 9.8 9.8 9.8
Ibp3rQ Vbbo 0.75 0.75 0.75
lop3ps! Voo 22 22 4.0 mA
Ibp3ps2 Vbp2 9.8 9.8 9.8
Ibp3pse Vbbo 0.75 0.75 0.75
Ibp3ni Vbpi 2.7 2.7 44 mA
Ibp3n2 Vbb2 26.0 26.0 27.0
Ibp3ng Vbbo 0.75 0.75 0.75
Ipp3nsi A\ 2.7 2.7 4.4 mA
Ibp3ns2 Vbp2 25.0 25.0 26.0
Ibp3nse Vbbo 0.75 0.75 0.75
Ippari Vb 4.7 4.7 5.6 mA 2,3
Ibpar2 Vb2 285 285 293
lopsra Vbbo 79.6 79.6 79.6
Ibpawi VobI 33 3.3 4.0 mA 2
Ibpaw: Vbp2 217 217 224
Ibbawa Vbbo 0.75 0.75 0.75
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Table 7: LPDDR4 Ipp Specifications under 4266 Mb/s — Single Die (Continued)

Vbb2, VoD@ = 1.06=1.17V; VDDI = 1.70-1.95V

P R

XSEMITRON

N

Tcl/4266 Mbls
Parameter Supply 95°C 105°C 125°C Unit Note
Ipps1 @RFC = 280ns Vbbi 34.0 34.0 34.0 mA
Ibbs2 @'RFC = 280ns Vbp2 164 164 178
Ipbsq@ @'RFC = Vbbao 0.75 0.75 0.75
280ns
Iobs1 @'RFC = 380ns Vbpi 26.0 26.0 26.0 mA
Ipbs2 @'RFC = 380ns Vbb2 124 124 134
Ipbse @'RFC = Vbbo 0.75 0.75 0.75
380ns
IppsaBi Vbbi 4.7 4.7 8.2 mA
lppsag2 Vbp2 29.0 29.0 31.0
Ippsasq Vbbo 0.75 0.75 0.75
Ippsee| Vbbi 4.7 4.7 8.2 mA
Ippspe2 Vbp2 29.0 29.0 31.0
IbpspeQ Vobo 0.75 0.75 0.75
Notes: 1. Published Ibp values except Ippsrq are the maximum Ipp values considering the worst- case
conditions of process, temperature, and voltage.
2. BL =16, DBI disabled.
3. Ibp4rq value is reference only. Typical value. Von = Vbpa/3, Tc = 25°C.
Table 8: LPDDR4 Ipp Full-Array Self Refresh Current
Vbb2, VDDQ = 1.06-1.17V; VDDI = 1.70-1.95V
Self Refresh Current
Temperature Supply Full-Array 1/2-Array 1/4-Array 1/8-Array Unit
25°C Vbpi 0.40 0.40 0.40 0.40 mA
Vbp2 0.90 0.90 0.90 0.90
Vbbo 0.01 0.01 0.01 0.01
95°C Vbbi 6.2 4.6 3.8 34
Vbp2 28.0 19.0 13.0 10.0
Vobo 0.75 0.75 0.75 0.75
105°C Vbpi 6.2 4.6 3.8 34
Vbp2 28.0 19.0 13.0 10.0
Vbbo 0.75 0.75 0.75 0.75
Notes: |. Ibps 25°C is the typical value in the distribution with nominal Vop and a reference-only value,

Iops 95°C and Ipbps 105°C are the maximum Ipp value considering the worst-case conditions of
process, temperature, and voltage.

2. When Tc > 105°C, self refresh mode is not available.
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LPDDR4X Ipp Parameters

Refer to LPDDR4X Ipp Specification Parameters and Test Conditions section for detailed conditions.

Table 9: LPDDR4X Ipp Specifications under 4266 Mb/s — Single Die

Vb2 = 1.06-1.17V; Vbpg = 0.57-0.65V; Vppi = 1.70-1.95V

> Y
XSEMITRON
\-/

Tc/4266 Mbls
Parameter Supply 95°C 105°C 125°C Unit Note
Ippoi VbbI 5.2 5.2 6.0 mA
lbpo2 Vbb2 37.0 37.0 39.0
Ibboq Vbbo 0.75 0.75 0.75
Ippapi VbbI 2.2 2.2 3.8 mA
Ibp2p2 Vb2 4.6 4.6 5.0
lop2rg Vbbo 0.75 0.75 0.75
Ibp2psi VoI 2.2 2.2 3.8 mA
Ipp2ps2 Vb2 4.6 4.6 5.0
Ibp2psq Vbbo 0.75 0.75 0.75
Ippani VbbI 2.2 2.2 3.7 mA
Ibp2n2 Vbp2 20.0 20.0 21.0
lbp2ng Vbbo 0.75 0.75 0.75
Ibp2nsi VoI 22 2.2 3.7 mA
Ippans2 Vbp2 18.0 18.0 19.0
Ibb2nsq Vbba 0.75 0.75 0.75
Ipp3pi VbbI 2.2 2.2 4.0 mA
Ibp3p2 Vop2 9.8 9.8 9.8
lbp3pq Vbbo 0.75 0.75 0.75
Ibp3psi Vbbi 2.2 2.2 4.0 mA
Ipp3ps2 Vb2 9.8 9.8 9.8
Ibp3psq Vbbo 0.75 0.75 0.75
Ipp3ni VbbI 2.7 2.7 4.4 mA
Ibp3n2 Vbb2 26.0 26.0 27.0
lbping Vbbo 0.75 0.75 0.75
Ibp3nsi Vbbi 2.7 2.7 4.4 mA
Ipp3ns2 Vb2 25.0 25.0 26.0
lopinse Vbbo 0.75 0.75 0.75
Ipp4ri VoI 4.7 4.7 5.6 mA 2,3
Ibpar2 Vbp2 285 285 293
lpbarg Vbbo 61.6 61.6 61.6
Ippawi Vb 33 33 4.0 mA 2
Ippaw2 Vb2 217 217 224
lbbawe Vbbo 0.75 0.75 0.75




XS47A08GCDx

Mobile-LPDDR4 / 4X

Table 9: LPDDR4X Ipp Specifications under 4266 Mb/s — Single Die (Continued)

Vb2 = 1.06-1.17V; Vppq = 0.57-0.65V; Vppi1 = 1.70-1.95V

> Y
XSEMITRON
\-/

Tcl/4266 Mbls
Parameter Supply 95°C 105°C 125°C Unit Note
Ipps1 @RFC = 280ns Vbbi 34.0 34.0 34.0 mA
Ibbs2 @'RFC = 280ns Vbp2 164 164 178
Ipbsq@ @'RFC = Vbbao 0.75 0.75 0.75
280ns
Iobs1 @'RFC = 380ns Vbpi 26.0 26.0 26.0 mA
Ipbs2 @'RFC = 380ns Vbb2 124 124 134
Ipbse @'RFC = Vbbo 0.75 0.75 0.75
380ns
IppsaBi Vbbi 4.7 4.7 8.2 mA
lppsag2 Vbp2 29.0 29.0 31.0
Ippsasq Vbbo 0.75 0.75 0.75
Ippsee| Vbbi 4.7 4.7 8.2 mA
Ippspe2 Vbp2 29.0 29.0 31.0
IbpspeQ Vobo 0.75 0.75 0.75
Notes: 1. Published Ibp values except Ippsrq are the maximum Ipp values considering the worst- case
conditions of process, temperature, and voltage.
2. BL =16, DBI disabled.
3. Ibp4rq value is reference only. Typical value. Von = 0.5 X Vppq, Tc = 25°C.
Table 10: LPDDR4X lpp¢ Full-Array Self Refresh Current
Vpp2 = 1.06-1.17V; Vbpq = 0.57-0.65V; Vop: = 1.70-1.95V
Self Refresh Current
Temperature Supply Full-Array 1/2-Array 1/4-Array 1/8-Array Unit
25°C Vbpi 0.40 0.40 0.40 0.40 mA
Vbp2 0.90 0.90 0.90 0.90
Vbbo 0.01 0.01 0.01 0.01
95°C Vbbi 6.2 4.6 3.8 34
Vbp2 28.0 19.0 13.0 10.0
Vobo 0.75 0.75 0.75 0.75
105°C Vbpi 6.2 4.6 3.8 34
Vbp2 28.0 19.0 13.0 10.0
Vbbo 0.75 0.75 0.75 0.75
Notes: |. Ibps 25°C is the typical value in the distribution with nominal Vop and a reference-only value,

Iops 95°C and Ipbps 105°C are the maximum Ipp value considering the worst-case conditions of
process, temperature, and voltage.

2. When Tc > 105°C, self refresh mode is not available.
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Functional Description

The mobile low-power DDR4 SDRAM (LPDDR4) is a high-speed CMOS, dynamic ran- dom-
access memory internally configured with either | 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 the command/address is decoded across two
transactions, 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 | 6n-bit-wide data transfer
to/from the DRAM core and 16 corresponding n-bit- wide data transfers at the 1/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 com- mand are used to select the
bank and row to be opened. The address and BA bits regis- tered 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. Following sections provide
detailed information about device initialization, register definition, command descriptions and
device operations.
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Figure | |: Functional Block Diagram
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SDRAM Addressing

The table below includes all SDRAM addressing options defined by JEDEC. Under the Device
Configuration heading near the beginning of this data sheet are addressing de- tails for this product

data sheet.
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Table 11: SDRAM Addressing — Dual-Channel Die

dress boundary

Memory Density
(Per Die) 4Gb 6Gb 8Gb 12Gb 16Gb 24Gb 32Gb
Memory density 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
(per channel)
Configuration 16Mb x 16DQ 24Mb x 16DQ 32Mb x 16DQ 48Mb x 16DQ 64Mb x 16DQ 96Mb x 16DQ 128Mb x 16DQ
% 8 banks % 8 banks % 8 banks % 8 banks x 8 banks x 8 banks x 8 banks
x 2 channels x 2 channels % 2 channels % 2 channels x 2 channels x 2 channels x 2 channels
Number of chan- 2 2 2 2 2 2 2
nels (per die)
Number of banks 8 8 8 8 8 8 8
(per channel)
Array prefetch 256 256 256 256 256 256 256
(bits, per channel)
Number of rows 16,384 24,576 32,768 49,152 65,536 98,304 131,072
(per channel)
Number of col- 64 64 64 64 64 64 64
umns (fetch boun-
daries)
Page size (bytes) 2048 2048 2048 2048 2048 2048 2048
Channel density 2,147,483,648 3,221,225,472 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
(bits per channel)
Total density (bits 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184 25,769,803,776 34,359,738,368
per die)
Bank address BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0]
x|16 |Row add R[13:0] R[14:0] R[14:0] R[15:0] R[15:0] R[16:0] R[16:0]
(R13 =0when (R14=0when (R15=0when
RI4=1) RI5=1) RI16=1)

Col. add C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0]

Burst starting ad- 64-bit 64-bit 64-bit 64-bit 64-bit 64-bit 64-bit

>
XSEMITRON
"

30
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Table 12: SDRAM Addressing — Single-Channel Die

Memory Density
(Per Die) 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
Memory density 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
(per channel)
Configuration 16Mb x 16 DQ 24Mb x 16 DQ 32Mb x 16 DQ 48Mb x 16 DQ 64Mb x 16 DQ 96Mb x 16 DQ 128Mb x 16 DQ
x 8 banks x 8 banks x 8 banks x 8 banks % 8 banks % 8 banks x 8 banks
Number of chan- | | I I | | |
nels (per die)
Number of banks 8 8 8 8 8 8 8
(per channel)
Array prefetch 256 256 256 256 256 256 256
(bits, per channel)
Number of rows 16,384 24,576 32,768 49,152 65,536 98,304 131,072
(per channel)
Number of col- 64 64 64 64 64 64 64
umns (fetch boun-
daries)
Page size (bytes) 2048 2048 2048 2048 2048 2048 2048
Channel density 2,147,483,648 3,221,225,472 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
(bits per channel)
Total density (bits 2,147,483,648 3,221,225,472 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
per die)
Bank address BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0]
x|16 |Row add R[13:0] R[14:0] R[14:0] R[15:0] R[15:0] R[16:0] R[16:0]
(R13=0when (R14=0when (R15=0when
Rl14=1) RI5=1) RI6=1)

Col. add C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0]
Burst starting ad- 64-bit 64-bit 64-bit 64-bit 64-bit 64-bit 64-bit
dress boundary

Notes: |. The lower two column addresses (C[1:0]) are assumed to be zero and are not transmitted on the CA bus.

2. Row and column address values on the CA bus that are not used for a particular density should be at valid logic

levels.

3. For non-binary memory densities, only a quarter of the row address space is invalid. When the MSB address bit is
HIGH, then the MSB - | address bit must be LOW.

> i
XSeMiTRON

'\./
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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
information provided in the state diagram with the truth tables and timing specifications. The truth
tables describe device behavior and applicable restric- tions when considering the actual state of all
banks. For command descriptions, see the Commands and Timing section.

Figure 12: Simplified State Diagram
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Notes: |. 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.
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. In the 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 applica- ble training
section for more information.

. 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 oper- ate 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 re- set state.

The diagram shows RESET applied from the power-on and idle states as an ex- ample, but this
should not be construed as a restriction on RESET.

. MRW commands from the active state cannot change operating parameters of the de- vice that

affect timing. Mode register fields which may be changed via MRW from the active state
include: MR1-OP[3:0], MRI-OP[7], MR3-OP[7:6], MR10-OP[7:0], MRI |- OP[7:0], MRI3-OP[5],
MRI15-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
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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.
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Table 13: Mode Register Default Settings

Item Mode Register Setting Default Setting Description
FSP-OP/WR MRI13 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 MRI| OP[6:4] 000b nWR = 6
DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disa-
bled
CA ODT MRI1 OP[6:4] 000b CA ODT is disabled
DQ MRI1 OP[2:0] 000b DQ ODT is disabled
oDT
VREF(cA) setting MRI12 OP[6] Ib VRer(ca) range[1] is enabled
VRer(ca) value MRI12 OP[5:0] olliolb Rangel: 50.3% of Vbpq
VREF(DQ) setting MRI14 OP[6] Ib VRer(DQ) range[ 1] enabled
VRrer(pq) Value MRI14 OP[5:0] olliolb Rangel: 50.3% of Vbpq

The following sequence must be used to power up the device. Unless specified other- wise, this procedure is mandatory. The

power-up sequence of all channels must pro- ceed simultaneously.

Voltage Ramp

I. While applying power (after Ta), RESET_n should be held LOW (0.2 X Vpp,), and all other inputs must be between Vi min
and Viy,max. 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; must ramp at the same time or earlier than Vpp;. Vpp, must ramp at the same time or

earlier than Vppe.

Table 14: Voltage Ramp Conditions

After...

Applicable Conditions

Tais reached

Vobi1 must be greater than Vbp2

Vbbp2 must be greater than Vbpg - 200mV

Notes: |.

Ta is the point when any power supply first reaches 300mV.

2. Voltage ramp conditions in above table apply between Ta and power-off (controlled or

uncontrolled).

3. Tbis the point at which all supply and reference voltages are within their defined oper- ating

ranges.

4. Power ramp duration fINITO (Tb-Ta) must not exceed 20ms.
5. The voltage difference between any Vss and VssqQ must not exceed 100mV.

2. Following completion of the voltage ramp (Tb), RESET_n must be held LOW for IN- IT1.DQ,
DMI, DQS_t, and DQS_c voltage levels must be between Vssq and Vppq during voltage ramp to
avoid latch-up. CK_t and CK_c, CS, and CA input levels must be be- tween Vss and Vpp: during
voltage ramp to avoid latch-up. Voltage ramp power supply requirements are provided in the

table below.
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3. Beginning at Tb, RESET_n must remain LOW for at least ‘INITI(Tc), after which RE- SET_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."

Figure 14: Voltage Ramp and Initialization Sequence

Ta Tb Tc Td Te b Tg Th Ti Tj Tk
Power Ramp Reset Initialization Training
INIT4=StCK(MIN
CK_c iy A Y77777777° 7 V0 1 )i ) 01 1l 1] i I
2 R 0 VR R
K ¢ ! E k v L . - WL vk (AN Y vk L i
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; / / PO T g ) T g ) g ) ) Iy § y [
Supplies T /A VA 0 0 il ) 0 il i il i i
AT N il I I I i ) 1 i i
RESET_n A (L il ) 0 0 i 0 il i
[/INT2=1Ons(MIN)  NIT3=2ms(MIN)
)’ " " " . ' 3
CKE 7 V77 \L il I il i i 1] I 1] |
LI VLR | N [ il 0 0 i 0 il i
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cs 'Y |:I Y/ / ,1' / / J:' % DERTYEREIENE ;" W (tevig X O ' { Taiin [ v
v . T . L . . L o g
DQs 77T N IR N IR B iR VY o Y T \ e IR
/ | i Ml /] iy Ml M ! valig ! J vald ! 1 valid 1l
LI D L 0 L 0 0 L I [ | [ I [ \ il
Don’t Care
Note: |. 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 re- main LOW
when the controller activates CKE.

5. After CKE is set to HIGH, wait a minimum of !INITS to issue any MRR or MRW com-
mands(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
tDQSCKDb) before the system is appropriately configured.

6. After completing all MRW commands to set the pull-up, pull-down, and Rx termina- tion
values, the controller can issue the ZQCAL START command to the memory(Tf). This
command is used to calibrate the Vo4 level and the output impedance over proc- ess, voltage, and
temperature. In systems where more than one device share one exter- nal ZQ resistor, the
controller must not overlap the ZQ calibration sequence of each de- vice. The ZQ calibration
sequence is completed after ZQCAL (Tg). The ZQCAL LATCH 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 Vrerca), 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 Vrer and align CS/CA with CK for high-
speed operation. The device will power-up with receivers configured for low-speed operations
and with Vger(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 level- ing 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
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burst with desired WRITE latency.

9. After write leveling, the DQ bus (internal Veerpg), DQS, and DQ) should be trained for high-
speed operation using the MPC TRAINING commands and by issuing MRW commands to
adjust Vrerpq). The device will power-up with receivers configured for low-speed operations and
with Veerpg) set to a default factory setting. Normal device operation at clock speeds higher than
tCKb should not be attempted until DQ bus train- ing 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 dis- turbing the memory array contents. See the DQ Bus
Training section for more informa- tion on the DQ bus training sequence.

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

Table 15: Initialization Timing Parameters

Parameter Min Max Unit Comment
fINITO - 20 ms Maximum voltage ramp time
INITI 200 - Ms Minimum RESET_n LOW time after completion of

voltage ramp

9NIT2 10 - ns Minimum CKE LOW time before RESET_n goes HIGH
INIT3 2 - ms Minimum CKE LOW time after RESET_n goes HIGH
fINIT4 5 - tCK Minimum stable clock before first CKE HIGH
YINITS 2 - us Minimum idle time before first MRW/MRR command
tCKb Note "2 Note 2 ns Clock cycle time during boot

Notes: |. Minimum tCKb guaranteed by DRAM testis |8ns.

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.
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Table 16: Reset Timing Parameter

Parameter

Value

Min Max Unit Comment

‘PW_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 be- tween Vi min
and Viy,max. The device outputs remain at High-Z while CKE is held LOW.

DQ, DMI, DQS_t, and DQS_c voltage levels must be between Vssq and Vppq during the power-off
sequence to avoid latch-up. CK_t, CK_c, CS, and CA input levels must be be- tween Vss and 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 pow- ered off.

Table 17: Power Supply Conditions

The voltage difference between Vss and Vssq@ must not exceed 100mV

Between...

Applicable Conditions

Txand Tz

Vpbpi1 must be greater than Vbp2

Vbbp2 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 Rec- ommended
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 remain- ing 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 uncon- trolled. Vpop, and Vo,
must decrease with a slope lower than 0.5 V/us between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.
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Table 18: Power-Off Timing

Min Unit

sec

Parameter Symbol

tPOFF

Power-off ramp time

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 19: Mode Register Assignments

Notes I-5 apply to entire table

MR# |MA[5:0]] Function [Access| OP7 | ops | ops | op4 | op3 | or2 | oPl | OPO
0 00h |Device info R RFU RZQ RFU | Latency REF
1 mode
1 0lh |Device feature | w RD-PST nWR (for AP) ‘ RD-PRE |WR-PRE BL
2 02h Device feature 2 \a 4 WR Lev| WLS WL RL
3 03h |1/O config-1 W | DBI-WR| DBI-RD PDDS PPRP ‘WR-PSTI PU-CAL
4 04h Refresh and R/W TUF Thermal offset PPRE |SR abort Refresh rate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision IDI
7 07h Basic config-3 R Revision ID2
8 08h |Basic config-4 R /0 width Density | Type
9 0%h Test mode w Vendor-specific test mode
10 0Ah |1/O calibration w RF ZQRST
V)
T 0Bh |ODT w RFU CA ODT | RFU | DQ ODT
12 0Ch | Vperca) RIW RFU VRca VRer(ca
13 | O0Dh |Registercontrol | W | FSP-OP |[FSP-WR| DMD | RRO | VRCG \) VRO | RPT | CBT
14 OEh | Vger(pq) RIW RFU VRbo VRer(DQ
15 OFh DQI-LB w Lower-byte invert register for DQ) calibration
16 10h PASR_Bank \"2"4 PASR bank mask
17 I1h PASR_Seg \a 4 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 \"2"4 ODTD for x8 2ch ODTD | ODTE ODTE SoC
-CA -CS -CK oDT
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Table 19: Mode Register Assignments (Continued)

Notes I-5 apply to entire table

RFU bits are read as 0 during MRR commands.

via an MRR command.

4. RFU mode registers must not be written.
Writes to read-only registers will not affect the functionality of the device.

Table 20: MRO Device Feature 0 (MA[5:0] = 00h)

MR# |[MA[5:0]| Function |Access| OP7 | oP6 | ops | op4a | opP3 | or2 | oPl | oPo
23 17h DQS oscillator \'2'4 DQS oscillator run-time setting
stop
24 18h TRR control R'W TRR TRR mode BAn Unitd MAC value
mode MAC
25 19h |PPRresources R B7 B6 | BS | B4 B3 B2 | Bl [ Bo
26-29 | IAh~ID - - Reserved for future use
h
30 IEh Reserved for w SDRAM will ignore
test
31 IFh - - Reserved for future use
32 20h DQ calibration w See DQ calibration section
pattern A
33-38 | 21h=26h | Do not use - Do not use
39 27h Reserved for w SDRAM will ignore
test
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: |. RFU bits must be set to 0 during MRW commands.

. All mode registers that are specified as RFU or write-only shall return undefined data when read

OP7 oP6 | ops or4 | oP3 oP2 OPI OP0
RFU RZQI RFU Latency mode REF
Table 21: 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 Ib:
Only modified refresh mode supported
Latency mode Read-only | OP[I] |Ob: Device supports normal latency 56
Ib: Device supports byte mode latency
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Table 21: MRO Op-Code Bit Definitions (Continued)

Register Information

Type OP Definition Notes

Built-in self-test for RZQ in-
formation

Read-only | OP[4:3] |00b: RZQ self-test not supported 01b: 1-4

ZQ may connect to Vssq or float 10b:
ZQ may short to Vpbe

I 1b: ZQ pin self-test completed, no error condition de-
tected (ZQ may not connect to Vssq, float, or short to
Vbbpo)

Notes:

. RZQI MR value, if supported, will be valid after the following sequence:

- Completion of MPC[ZQCAL START] command to either channel

- Completion of MPC[ZQCAL LATCH] command to either channel then *ZQLAT is satis- fied
RZQI value will be lost after reset.

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

connected to Vssq, either OP[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin as- sembly
error. It is recommended that the assembly error be corrected.

. In the case of possible assembly error, the device will default to factory trim settings for Ron, and

will ignore ZQ CALIBRATION commands. In either case, the device may not function as
intended.

. If the ZQ pin self-test returns OP[4:3] = | Ib, 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

. 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 pack- age with

byte mode device.

Table 22: MRI Device Feature | (MA[5:0] = 01h)

OP7 OP6

OP5 \ OP4 OP3 oP2 OPI OP0

RD-PST

nWR (for AP) RD-PRE WR-PRE BL

Table 23: MRI Op-Code Bit Definitions

Feature

Type OP Definition Notes

BL
Burst length

Write- OP[1:0] |00b: BL = 16 sequential (default) |

only 01b: BL = 32 sequential
10b: BL = 16 or 32 sequential (on-the-fly)

Read preamble type

I 1b: Reserved
WR-PRE Write- OP[2] |Ob: Reserved 5,6
Write preamble length only Ib: WR preamble = 2 x ©CK
RD-PRE Write- OP[3] |O0b: RD preamble = Static (default) 3,5,6

only

Ib: RD preamble = Toggle
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Table 23: MRI Op-Code Bit Definitions (Continued)

PRECHARGE command

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

010b: nWR =16
0l 1b: nWR =20
100b: nWR =24

101b: nWR =30

110b: nWR = 34

111b: "\WR =40
RD-PST Write- OP[7] |Ob: RD postamble = 0.5 x ‘CK (default) 4,5,6
Read postamble length only Ib: RD postamble = 1.5 x tCK

Notes:

I. 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.

2. The programmed value of nWR is the number of clock cycles the device uses to deter- mine 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.

3. For READ operations, this bit must be set to select between a toggling preamble and a non-

toggling preamble (see the Preamble section).

4. 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 con- trollers.

5. There are two physical registers assigned to each bit of this MR parameter: designated set point 0

and set point I. 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.

6. There are two physical registers assigned to each bit of this MR parameter: designated set point 0

and set point |. 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 24: Burst Sequence for Read ’\_/
ca|ci|c2|ci|co| 1|23 ]4]5]6]7|8]|9]10]1n]12]13]14]15]16]17] 18] 19]20|21|22|23]24]25]26| 27| 28]2930[31]32
16-Bit READ Operation
vio|ofolo|o|1][2]3]4]5]6]7]8]9][A[B|c|D|[E|F
vio|[i1|olo|4|s|[e|7|s]o|AalBlc|D|[E|[F|o|1]2]3
vii|ololo|s|9o[A|lB|c|D|E[F[o|1|2|3]4]5]6]7
vit|i1]olo|c|p|E|[F|lofi1]|2]3]4a|[5]6|7|8|9][A]B
32-Bit READ Operation
ololofofofo|1][2]3]4a]s|e|7][s|o]|AalB|c|D|E|[F[10]t]12]13|14]15]16]17]18]19]1A]1B]1Cc]ID|IE]IF
olo|l1]|ofofals|e|7]s][o|lAalB|c|D|[E|[F[o|1]2]3]1a]15] 16171819l 1a[1B]1c/iD[IE[IF[10] 11 ]12] 13
ol1|ofloflo|s|o[AalBlc|D|E[F|[o|1|2|3]4a|s]e|7]18]19]1a]1Blic/iDlIE[IE[10] 11| 12[13]14]15]16]17
o1 |1]|olo|c|p|eE|[Flof[1|2]3]als|e|l7|s|o]AalB]ic/iDlie|tr|1o]ni|12]13[14]15]16]17]18]19]1A]1B
tlolofloo|rofn|rz[i3[afis| 6171819l 1a]1Blic/iD[IE[IF[ o] 1[2]3]4|5]6|7]8|9[A[B|c|D|E]|F
1o 1 [o]olafus|iel 17|19 1aliBlic]iDliE[IF[10| ] 12[13]4]s5|6|[7]8|9[A|B|c|D|[E[F|[0o][1]2]3
i1l |lolo] o8l o[ialBlicliplielir[ ot 2] 3|4 1s|16|17] 8| 9|A|[B|c|D|E|[F|[o]1|2]3]4|5]6]7
tlr [ lo]olicliplieleftof | i2[ 13 afusief17] 18| 19] 1A/ 1Bl c|[D|E|[F|[o|1][2]3]4]5[6]|7|8]9|A[B
Notes: 1. C[1:0] are not present on the CA bus; they are implied to be zero.
2. The starting burst address is on 64-bit (4n) boundaries.
Table 25: Burst Sequence for Write
ca|ci|c2|ci|co| 1|23 ]4]5]6]7]|8]|9]10]1n]12]13]14]15]16] 17| 18] 19]20|21|22|23]24]25]26 27| 28] 29|30[31]32
16-Bit WRITE Operation
vio|[ofofofo|i]2]3]4]s]e[7]8]9]A|B|c|D|E|F]
32-Bit WRITE Operation
o[ofofofofo|1]2]3]4]s]e]7]8]9][A[B|c|D|E|F][10[n]iz]13]14]15[16]17]18]19]1a]1B]IC|ID|IE]|IF
Notes: 1. C[1:0] are not present on the CA bus; they are implied to be zero.

2. The starting burst address is on 256-bit (1 6n) boundaries for burst length 16.
3. The starting burst address is on 512-bit (32n) boundaries for burst length 32.
4. C[3:2] must be set to 0 for all WRITE operations.
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oP7 oPé6 ors | op4a | oP3 or2 oPI OP0
WR Lev WLS WL RL
Table 27: MR2 Op-Code Bit Definitions
Feature Type OP Definition Notes
RL Write- OP[2:0] |RL and nRTP for DBI-RD disabled (MR3 OP[6] = Ob) 1,3,4
READ latency only

001b:RL=10,nRTP =8
010b: RL= 14, nRTP =8
0l1b: RL=20,nRTP =8
100b: RL =24, nRTP = 10
101b: RL =28, nRTP = 12
110b: RL =32, nRTP = 14
I11b: RL=36,nRTP = 16

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

000b: RL=6, nRTP =8
001b:RL=12,nRTP =8
010b:RL=16,nRTP =8
0l1b:RL=22,nRTP=8
100b: RL =28, nRTP = 10
101b: RL =32, nRTP = 12
110b: RL =36, nRTP = 14
I11b: RL=40,nRTP =16

RL and nRTP for DBI-RD enabled (MR3 OP[6] = Ib)
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Table 27: MR2 Op-Code Bit Definitions (Continued)

Feature Type OP Definition Notes
WL Write- OP[5:3] |WL set A (MR2 OP[6] = 0b) 1,3,4
WRITE latency only 000b: WL = 4 (default)

00Ib: WL =6

010b: WL =8

Ollb: WL=10

100b: WL =12

101b: WL = 14

110b: WL =16

I11b: WL=18

WL set B (MR2 OP[6] = Ib)
000b: WL = 4
001b: WL=8
010b: WL = 12
0l1b: WL=18
100b: WL = 22
101b: WL = 26
110b: WL = 30
I11b: WL =34

WLS Write- OP[6] |Ob: Use WL set A (default) 1,3,4
WRITE latency set only Ib: Use WL set B

WR Lev Write- OP[7] |Ob: Disable write leveling (default) 2

Write leveling only Ib: Enable write leveling

Notes: |. 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] = Ib), the device re-
mains in the MRW state until another MRW command clears the bit (OP[7] = 0b). No
other commands are allowed until the write leveling enable bit is cleared.

3. There are two physical registers assigned to each bit of this MR parameter: designated set
point 0 and set point |. 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 this MR ad- dress,
or read from with an MRR command to this address.

4. There are two physical registers assigned to each bit of this MR parameter: designated set
point 0 and set point |. 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 (MRI3 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.

5. nRTP is valid for BL16 only. For BL32, the SDRAM will add 8 clocks to the nRTP value be-
fore starting a precharge.
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Table 28: 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: |. 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] = I, 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] = I, then WRITE latency
set B should be used.

4. The programmed value for nRTP is the number of clock cycles the device uses to deter-
mine 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 deter- mine
the starting point of an internal PRECHARGE operation after a WRITE burst with AP
(auto precharge) enabled. It is determined by RU(*fWR/tCK).

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

OPO
PU-CAL

OPI
WR-PST

OP2
PPRP

OP4 \ oP3

PDDS

OP6 OP5 |

DBI-RD

OP7
DBI-WR
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Table 30: MR3 Op-Code Bit Definitions

Feature Type OP Definition Notes
PU-CAL Write-only| OP[0] |Ob: Vbpq X 0.6 1-4
(Pull-up calibration point) Ib: Vbpq * 0.5 (default)
WR-PST OP[I] |Ob: WR postamble = 0.5 x ‘CK (default) 2,35
(WR postamble length) Ib: WR postamble = 1.5 x tCK
PPRP OP[2] |Ob: PPR protection disabled (default) 6
(Post-package repair pro- Ib: PPR protection enabled
tection)
PDDS OP[5:3] |000b: RFU 1,2,3
(Pull-down drive strength) 001b: Rzoll

010b: Rzq/2

0l1b: Rzof3

100b: Rz/4

101b: RzQ/5

110b: Rzql6 (default)

11 1b: Reserved
DBI-RD OP[6] |Ob: Disabled (default) 2,3
(DBI-read enable) Ib: Enabled
DBI-WR OP[7] |Ob: Disabled (default) 2,3
(DBI-write enable) Ib: Enabled

Notes: |. Allvalues are typical. The actual value after calibration will be within the specified toler- ance
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 |. Only the registers for the set point determined by the state of the
FSP-WR bit (MRI13 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 |.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 (MRI13 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 xtCK apply > 1.6 GHz clock.

6. IfMR3 OP[2] s set to Ib, PPR protection mode is enabled. The PPR protection bitis 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 Ib to MR4
OP[4].
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Table 31: MR4 Device Temperature (MA[5:0] = 04h)

OP7 OP6 OP5 OP4 oP3 OP2 orl | oro
TUF Thermal offset PPRE SR abort Refresh rate
Table 32: MR4 Op-Code Bit Definitions
Feature Type OP Definition Notes
Refresh rate Read-only | OP[2:0] |000b: SDRAM low temperature operating limit exceeded 1-4,
001b: 4x refresh 7-9
010b: 2x refresh
01 Ib: Ix refresh (default)
100b: 0.5x refresh
101b: 0.25x refresh, no derating
110b: 0.25x refresh, with derating
I'11b: SDRAM high temperature operating limit excee- ded
SR abort Write OP[3] |Ob: Disable (default) 9
(Self refresh abort) Ib: Device dependent
PPRE Write OP[4] |Ob: Exit PPR mode (default) 59
(Post-package repair entry/ Ib: Enter PPR mode (Reference MR25 OP[7:0] for availa-
exit) ble PPR resources)
Thermal offset-controller Write OP[6:5] |00b: No offset, 0~5°C gradient (default) 0lb: 9
offset to TCSR 5°C offset, 5~10°C gradient
10b: 10°C offset, 10~15°C gradient
| Ib: Reserved
TUF Read-only OP7 Ob: OP[2:0] No change in OP[2:0] since last MR4 read (de- 6-8
(Temperature update flag) fault)
Ib: Change in OP[2:0] since last MR4 read

Notes:

I. The refresh rate for each MR4 OP[2:0] setting applies to tREFI, tREFIpb, and tREFW. MR4
OP[2:0] = 0l Ib corresponds to a device temperature of 85°C. Other values require either a
longer (2x, 4x) refresh interval at lower temperatures or a shorter (0.5x, 0.25x) refresh
interval at higher temperatures. If MR4 OP[2] = Ib, the device temperature is greater
than 85°C.

2. At higher temperatures (>85°C), AC timing derating may be required. If derating is re-
quired the device will set MR4 OP[2:0] = | 10b. 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.

(9]

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

6. When MR4 OP[7] = Ib, 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.
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7. MR4 OP[7] = 0b 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.

9. MR4 OP[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 33: MR5 Basic Configuration | (MA[5:0] = 05h)

oP7 oPé6 ors | op4a | oP3 or2 oPI OP0
Manufacturer ID
Table 34: MR5 Op-Code Bit Definitions
Feature Type OP Definition
Manufacturer ID Read-only | OP[7:0] |[II111 1111b:Micron
All others: Reserved

Table 35: MR6 Basic Configuration 2 (MA[5:0] = 06h)

oP7 oPé ors | op4e | oP3 or2 oPI OPO

Revision IDI
Note: |. MR6 is vendor-specific.
Table 36: MR6 Op-Code Bit Definitions
Feature Type OP Definition
Revision ID1 Read-only | OP[7:0] |xxxx xxxxb: Revision IDI
Note: 1. MR6 is vendor-specific.

Table 37: MR7 Basic Configuration 3 (MA[5:0] =07h)

OP7 OP6 o5 | op4 | oP3 oP2 OPI OP0

Revision ID2

Table 38: MR7 Op-Code Bit Definitions
Feature Type OP Definition
Revision ID2 Read-only | OP[7:0] |xxxx xxxxb: Revision D2

Note:

I. MR7 is vendor-specific.
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Table 39: MR8 Basic Configuration 4 (MA[5:0] = 08h)

OP7 oPé o5 | op4 | oOP3 oP2 oPl | opo
1/0 width Density Type
Table 40: MR8 Op-Code Bit Definitions
Feature Type OP Definition
Type Read-only | OP[1:0] |00b: SI16 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 001 Ib: 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 01 10b: 32Gb dual-channel die/1 6Gb single-
channel die 1100b: 2Gb dual-channel die/ 1 Gb single-channel
die
All others: Reserved
1/0 width Read-only | OP[7:6] |00b: x16/channel
01b: x8/channel
All others: Reserved
Table 41: MR9 Test Mode (MA[5:0] = 09h)
OP7 o6 | ops | oP4 oP3 oP2 OPI OP0
Vendor-specific test mode
Table 42: MR9 Op-Code Definitions
Feature Type OP Definition
Test mode Write- OP[7:0] |0000000b; Vendor-specific test mode disabled (default)
only
Table 43: MRI10 Calibration (MA[5:0] = 0Ah)
OP7 o6 | ops | ora | oP3 oP2 OPI OPO
RF ZQ RESET
9)
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Table 44: MR10 Op-Code Bit Definitions

Feature Type OP Definition
ZQ reset Write- OP[0] |[Ob: Normal operation (default)
only Ib: ZQ reset
Notes: |. See AC Timing table for calibration latency and timing.

2. IfZQ is connected to Vbbpq through Rzq, either the ZQ CALIBRATION function or
default calibration (via ZQ reset) is supported. If ZQ is connected to Vss, 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 45: MR1 1 ODT Control (MA[5:0] = 0Bh)

OP7 OP6 | OP5 \ OP4 OP3 oP2 OPI OP0
RFU CA ODT RFU DQ ODT

Table 46: MRI1 | Op-Code Bit Definitions

Feature Type OP Definition Notes
DQ ODT Write- OP[2:0] |000b: Disable (default) 1,2,3
DQ bus receiver on-die ter- only 001b: RZQ/1
mination 010b: RZQ/2
0l1b: RZQ/3
100b: RZQ/4
101b: RZQ/5
110b: RZQ/6
111b: RFU
CA ODT Write- OP[6:4] |000b: Disable (default) 1,2,3
CA bus receiver on-die ter- only 001b: RZQ/I
mination 010b: RZQ/2
011b: RZQ/3
100b: RZQ/4
101b: RZQ/5
110b: RZQ/6
111b: RFU

Notes: . Allvalues are typical. The actual value after calibration will be within the specified toler-
ance 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 |. 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 |. The device will operate only according to the values stored
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in the registers for the active set point, for example, the set point determined by the state
of the FSP-OP bit (MR 13 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 opera- tion.

Table 47: MR12 Register Information (MA[5:0] = 0Ch)

oP7 oPé6 ors | op4a | oP3 or2 oPI OP0
RFU VRca VRerca
)
Table 48: MR12 Op-Code Bit Definitions
Feature Type OP Data Notes
VRer(ca) Read/ OP[5:0] |000000b-110010b: See Vrer Settings table 1-3,5,6
VREF(cA) settings Writ All others: Reserved
e
VRca Read/ OP[6] |Ob: VRer(ca) range[0] enabled 1,2,4,5,
VRer(ca) range Writ I b: Vrer(ca) range[ 1] enabled (default) 6
e

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

2. A read to MRI2 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. A write to MR12 OP[5:0] sets the internal Vrer(ca) level for FSP[0] when MRI13 OP[6] =
Ob or sets the internal Vrer(ca) level for FSP[ 1] when MR13 OP[6] = Ib. The time required
for VRer(ca) to reach the set level depends on the step size from the current level to the
new level. See the VRer(ca) training section.

4. A write to MRI12 OP[6] switches the device between two internal VrRer(ca) ranges. The
range (range[0] or range[1]) must be selected when setting the VRrer(ca) register. The val-
ue, 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 |. 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 |. 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 (MRI13 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 oper- ation.

Table 49: MR13 Register Control (MA[5:0] = 0Dh)

OP[7]

OP[6]

OP[5]

OP[4]

OP[3]

OP[2]

OP[I1]

OP[0]

FSP-OP

FSP-WR

DMD

RRO

VRCG

VRO

RPT

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

RPT OP[I] |Ob: Disabled (default)

Read preamble training Ib: Read preamble training mode enabled

VRO OP[2] |Ob: Normal operation (default) 2
VREF output Ib: Output the Vrerca) and VRrer(p) values on DQ bits

VRCG OP[3] |0b: Normal operation (default) 3
VRer current generator Ib: Fast response (high current) mode

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

DMD OP[5] |[0b: DATA MASK operation enabled (default) 6
Data mask disable Ib: DATA MASK operation disabled

FSP-WR OP[6] |0b: Frequency set point[0] (default) Ib: 7
Frequency set point write/ Frequency set point[1]

read

FSP-OP OP[7] |Ob: Frequency set point[0] (default) Ib: 8
FREQUENCY SET POINT Frequency set point[1]

op-

eEation mode

Notes:

. A write to set OP[0] = | causes the LPDDR4 SDRAM to enter the command bus training

mode. When OP[0] = | 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.

. When set, the device will output the VrRer(ca) and VRer(DQ) 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 Vger levels. The DQ pins
used for VRer output are vendor-specific.

. When OP[3] = I, the VRer circuit uses a high current mode to improve VRger settling time.
4. MRI13 OP[4] RRO bit is valid only when MRO OP[0] = |. For LPDDR4 SDRAM with MRO

OP[0] = 0, MR4 OP[2:0] bits are not dependent on MRI13 OP[4].

. When OP[4] = 0, only 001b and 010b in MR4 OP[2:0] are disabled. LPDDR4 SDRAM must

report 01 Ib 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 de- pend on
RRO setting.

. When enabled (OP[5] = 0b) data masking is enabled for the device. When disabled

(OP[5] = Ib), the device will ignore any mask patterns issued during a MASKED WRITE
command. See the Data Mask section for more information.

. FSP-WR determines which frequency set point registers are accessed with MRW and

MRR commands for the following functions such as Vrer(ca) setting, VRer(ca) range,
VREer(DQ) setting, VRer(pQ) range. For more information, refer to Frequency Set Point
sec- tion.

. FSP-OP determines which frequency set point register values are currently used to speci- fy

device operation for the following functions such as Vrer(ca) setting, VRer(ca) range,
VRer(DQ) setting, VRer(DQ) range. For more information, refer to Frequency Set Point
sec- tion.
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OP[7] OP[6] OP[5] | oPM4] | oP[Q] oP[2] op[l] | op
RFU VRoo Vrer oo
)
Table 52: MR14 Op-Code Bit Definition
Feature Type OP Definition Notes
VREF(DQ) Read/ OP[5:0] |000000b-110010b: See Vrer Settings table 1-3,5,6
VREF(DQ) setting Writ All others: Reserved
VRbQ € OP[6] |Ob: VrRer(DQ) range[0] enabled 1,2,4-6
VRrer(pQ) Fange Ib: Vrer(pQ) range[ 1] enabled (default)

Notes: I.

This register controls the VRer(DQ) levels for frequency set point[ 1:0]. Values from either

VRbq[0] (vendor defined) or VRpg[ 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 VrRer(pQ) level for FSP[0] when MRI3 OP[6] = 0b,

or sets FSP[1] when MR13 OP[6] = Ib. The time required for VRer(DQ) to reach the set
level depends on the step size from the current level to the new level. See the VRer(DQ)
train- ing section.

. A write to OP[6] switches the device between two internal VrRer(pQ) ranges. The

range (range[0] or range[ |]) must be selected when setting the VRrRer(DQ) 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 |. 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 |. 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 oper- ation.
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Table 53: Vger Setting for Range[0] and Range[ 1]

Notes |-3 apply to entire table

Nt

Range[0] Values Range[l] Values
VRerca) (% of Vppgo) VRrerca) (% of Vppg)
Function OP VRrerp@) (% of Vppg) VRrerp@) (% of Vppo)

VREF OP[5:0] | 000000b: 15.0% 011010b: 30.5% 000000b: 32.9% 011010b: 48.5%
setting for 000001b: 15.6% 011011b: 31.1% 000001b: 33.5% 011011b: 49.1%
M:I:Ian 000010b: 16.2% 011100b: 31.7% 000010b: 34.1% 011100b: 49.7%

000011b: 16.8% 01110Ib: 32.3% 00001 1b: 34.7% 011101b: 50.3% (default)
000100b: 17.4% 0l1110b: 32.9% 000100b: 35.3% 0l1110b: 50.9%
000101b: 18.0% Ol1111b: 33.5% 000101b: 35.9% OllIlIb: 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% 10001 Ib: 35.9% 001001b: 38.3% 10001 1b: 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%
ol0l11b: 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: |. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the VRrer(ca) or
VRer(DQ) levels in the device.
2. The range may be selected in each of the MR14 or MRI2 registers by setting OP[6] ap-
propriately.
3. Each of the MR14 or MRI2 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 termina-
ted and unterminated operation or between different high-frequency settings, which

may use different terminations values.
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Table 54: MR15 Register Information (MA[5:0] = OFh)

op[7] | opel | opps] | ope] | opp] | opl | opill | OP[O]
Lower-byte invert register for DQ calibration
Table 55: MRI5 Op-code Bit Definition
Feature Type OP Definition Notes
Lower-byte invert for DQ Write- OP[7:0] |The following values may be written for any operand 1-3
calibration only OP[7:0] and will be applied to the corresponding DQ lo-

cations DQ[7:0] within a byte lane

Ob: Do not invert

Ib: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: |. This register will invert the DQ calibration pattern found in MR32 and MR40 for any sin- gle

DQ or any combination of DQ. Example: If MRI5 OP[7:0] = 00010101b, then the DQ

calibration patterns transmitted on DQJ[7, 6, 5, 3, 1] will not be inverted, but the DQ cali-

bration patterns transmitted on DQ[4, 2, 0] will be inverted.

2. DM[0] 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].

Table 56: MRI5 Invert Register Pin Mapping

PIN DQO DQI DQ2 DQ3 DMIO DQ4 DQ5 DQ6 DQ7
MRI5 OP0 OPI oP2 OP3 |Noinvert| OP4 OP5 OP6 OP7
Table 57: MR16 PASR Bank Mask (MA[5:0] = 010h)

OP7 OP6 \ OP5 \ OP4 \ OP3 OoP2 OPI OP0

PASR bank mask

Table 58: MR16 Op-Code Bit Definitions

Feature Type OP Definition
Bank[7:0] mask Write- OP[7:0] |0b: Bank refresh enabled (default)
only Ib: Bank refresh disabled
OP[n] Bank Mask 8-Bank SDRAM
0 xxxxxxx | Bank 0
| xxxxxx | x Bank |
2 xxxxx | xx Bank 2
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OP[n] Bank Mask 8-Bank SDRAM
3 xxxx | xxx Bank 3
4 xxx | xxxx Bank 4
5 xx | xxxxx Bank 5
6 x oo Bank 6
7 ooooaxx Bank 7
Notes: |. 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 dif-
ferent bank masking in dual-channel devices.

Table 59: MR17 PASR Segment Mask (MA[5:0] = I 1h)

oP7 oPé ors | op4e | oP3 or2 oPI OP0
PASR segment mask
Table 60: MR17 PASR Segment Mask Definitions
Feature Type OP Definition
Segment[7:0] mask Write- OP[7:0] |0b: Segment refresh enabled (default)
only Ib: Segment refresh disabled
Table 61: MR17 PASR Segment Mask
Density (per channel)
Segment 1Gb 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb

Segment oP 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 XXXXXXX] 000b

| | XXXXXX1X 001b

2 2 XXXXX I XX 0l0b

3 3 XXXX T XXX 0llb

4 4 XXX XXX X 100b

5 5 XX TXXXXX 101b

6 6 XIXXXXXX | 110b 110b Not 110b Not 110b Not 110b

7 7 IXXXXXXX [ 111b Iip | allowed | jpjp | allowed |y, | allowed |

Notes: . This table indicates the range of row addresses in each masked segment. "X" is “Don’t

Care” for a particular segment.

2. PASR segment-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).
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Table 62: MR1 8 Register Information (MA[5:0] = 12h)

OP7 OP6

ors | op4a | oP3 oP2 OPI | opo

DQS oscillator count - LSB

Table 63: MRI18 LSB DQS Oscillator Count

Notes 1-3 apply to entire table

Function

Type OP Definition

DQS oscillator count
(WR training DQS

oscillator)

Read-only | OP[7:0] |0h-FFh LSB DRAM DQS oscillator count

Notes:

I. MRI8 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.

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

3. The value in this register is reset each time an MPC command is issued to start in the
DQS oscillator counter.

Table 64: MR19 Register Information (MA[5:0] = I13h)

OP7 OP6

OP5 \ OP4 ] OP3 oP2 OPI OP0

DQS oscillator count - MSB

Table 65: MRI19 DQS Oscillator Count

Notes 1-3 apply to the entire table

Function

Type OP Definition

DQS oscillator count - MSB
(WR training DQS oscillator)

Read-only | OP[7:0] |0h-FFh MSB DRAM DQS oscillator count

Notes:

I. MRI9 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 MR8/
MRI9.

Table 66: MR20 Register Information (MA[5:0] = 14h)

OP7 OP6

OP5 OP4 \ OP3 oP2 OPI OPO

Upper-byte invert register for DQ calibration
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Function Type OP Definition
Upper-byte invert for DQ Write- OP[7:0] |The following values may be written for any operand OP[7:0] and will
calibration only be applied to the corresponding DQ locations DQ[15:8] within a byte
lane

0b: Do not invert

Ib: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: |. This register will invert the DQ calibration pattern found in MR32 and MR40 for any sin- gle
DQ or any combination of DQ. For example, if MR20 OP[7:0] =00010101b, the DQ
calibration patterns transmitted on DQ[ IS5, 14, 13, 11, 9] will not be inverted, but the DQ
calibration patterns transmitted on DQ[ 12, 10, 8] will be inverted.

2. DM[I] 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].

Table 68: MR20 Invert Register Pin Mapping

Pin DQs8 DQ?9 DQI0 DQII DMII DQI2 DQI3 DQIl4 DQI5
MR20 OPO OPI OP2 OP3 No invert OP4 OP5 OPé OP7

Table 69: MR21 Register Information (MA[5:0] = I5h)

OP7 OP6 OP5 \ OP4 \ OP3 OoP2 OPI OP0

Table 70: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OP4 OP3 OP2 OPI OPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT
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Table 71: MR22 Register Information

"’

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

010b: Rzq/2

01 Ib: Rz (lllegal if MR3 OP[0] = Ob)

100b: Rzo/4

101b: Rzf5 (lllegal if MR3 OP[0] = 0b) 1 10b:

Rzl (lllegal if MR3 OP[0] = Ob)

I11b: RFU
ODTE-CK (CK ODT enabled | Write- OP[3] |ODT bond PAD is ignored 2,3
for non-terminating rank) only Ob: ODT-CK enable (default)

Ib: ODT-CK disable
ODTE-CS (CS ODT enabled Write- OP[4] |ODT bond PAD is ignored 2,3
for non-terminating rank) only 0b: ODT-CS enable (default)

Ib: ODT-CS disable
ODTD-CA (CA ODT Write- OP[5] |ODT bond PAD is ignored 2,3
termina- tion disable) only Ob: CA ODT enable (default)

Ib: CA ODT disable
ODTD for x8_2ch (Byte) Write- OP[7:6] |See Byte Mode section
mode only

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 |. Only the registers for the set point determined by the state of the
FSP-WR bit (MRI3 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 |. 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 oper- ation.

Table 72: MR23 Register Information (MA[5:0] = 17h)

OP7 OP6

OP5

OP4 | OP3 OP2

OPO

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

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

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

0000001 | b: DQS timer stops automatically at the 48t clock after tim- er
start

00000100b: DQS timer stops automatically at the 64t clock after tim- er
start
Through

00111111b: DQS timer stops automatically at the (63 x 16)" clock af- ter
timer start

0IXXXXXXb: DQS timer stops automatically at the 2048t" clock after
timer start
10XXXXXXb: DQS timer stops automatically at the 4096t clock after
timer start

I IXXXXXXb: DQS timer stops automatically at the 8192 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].

Table 74: MR24 Register Information (MA[5:0] = 18h)

OP7 OPé6 OP5 ‘ OP4 OP3 OP2 OPI OPO
TRR mode TRR mode BAn Unlimited MAC value
MAC

Table 75: MR24 Register Information

Function Type OP |[Data Notes
MAC value Read |OP[2:0]|000b: Unknown (OP[3] = 0) or unlimited (OP[3]=1) 001b: |
700K
010b: 600K
01 1b: 500K
100b: 400K
101b: 300K
110b: 200K

I 11b: Reserved
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Table 75: MR24 Register Information (Continued) >

Function Type OP |[Data Notes

Unlimited MAC Read | OP[3] |0b: OP[2:0] defines the MAC value 2
Ib: Unlimited MAC value

TRR mode BAn Write | OP[6:4]|000b: Bank 0
001b: Bank |
010b: Bank 2
0l 1b: Bank 3
100b: Bank 4
101b: Bank 5
110b: Bank 6
I11b: Bank 7

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

Notes: |. OP[2:0] = 000b Unknown means that the device is not tested for tMAC and pass/fail val- ues
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] = Ib, MR24 OP[2:0] set to 000b.

Table 76: MR25 Register Information (MA[5:0] = 19h)

OP7 OPé OP5 OP4 OP3 OP2 OPI OPO

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

Table 77: MR25 Register Information

Function Type OP Data

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

Ib: PPR resource is available

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

Table 78: MR26:29 Register Information (MA[5:0] = | Ah-1Dh)

OP7 OP6 ors | op4a | op3 | om OPI OPO

Reserved for future use
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Table 79: MR30 Register Information (MA[5:0] = 1Eh)

OP7 oPé o5 | op4a | oP3 | oP oPl | oPo
Valid 0 or |
Table 80: MR30 Register Information
Function Type OP Data
SDRAM will ignore Write- OP[7:0] |Don'tcare
only

Note: |. 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 81: MR31 Register Information (MA[5:0] = IFh)

OP7 OP6 o5 | ope | oP3 oP2 OPI OP0
Reserved for future use

Table 82: MR32 Register Information (MA[5:0] = 20h)

OP7 OP6 o5 | op4 | oP3 oP2 OPI OP0

DQ calibration pattern A (default = 5Ah)

Table 83: MR32 Register Information
Feature Type OP Data Notes
Return DQ calibration pat- Write- OP[7:0] | Xb: An MPC command issued with OP[6:0] = 100001 Ib 1,2,3
tern MR32 + MR40 only causes the device to return the DQ calibration pattern

contained in this register and (followed by) the contents 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 MRI15/
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 | fol-
lowed by I, 1, 0,0, I, 0, and 0. The bit stream will be 001001 11.

2. MRI5 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins. See
MRI15 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].
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4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even V
DBI is enabled in MR3 OP[6].

Table 84: MR33:38 Register Information (MA[5:0] = 21h-26h)

OP7 OP6 o5 | opa | oP3 | oP OPI OPO0
Do not use
Table 85: MR39 Register Information (MA[5:0] = 27h)
oP7 oPé6 ors | opa | oP3 or2 oPI OPO
Valid 0 or |
Table 86: MR39 Register Information
Function Type OP Data
SDRAM will ignore Write- OP[7:0] |Don't care
only

Note: |. 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 87: MR40 Register Information (MA[5:0] = 28h)

oP7 oPé ors | op4a | oP3 | om oPI OPO
DQ calibration pattern B (default = 3Ch)
Table 88: MR40 Register Information
Function Type OP Data Notes
Return DQ calibration pat- Write- OP[7:0] |Xb: A default pattern 3Ch is loaded at power-up or reset,or| 1,2,3
tern MR32 + MR40 only the pattern may be overwritten with a MRW to this
register. See MR32 for more information.

Notes:

I. The pattern contained in MR40 is concatenated to the end of MR32 and transmitted on

DQI[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 I, followed by I, I, 0, 0, I, 0, and 0. The bit stream will be
ooloolll.

2. MRI5 and MR20 may be used to invert the MR32/MR40 data patterns on the DQ pins. See
MRI15 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].

41

41
41
41
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Table 89: MR41:47 Register Information (MA[5:0] = 29h-2Fh) { o
oP7 OP6 o5 | op4 | oP3 | oPR oPl | oPo
Do not use
Table 90: MR48:63 Register Information (MA[5:0] = 30h-3Fh)
o7 | ope | ops | opa | op3s | om OPI OP0

Reserved for future use

Commands and Timing

Truth Tables

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 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 ille- gal
event, the device must be either reset by asserting the RESET_n command or pow- ered
down and then restarted using the specified initialization sequence before normal
operation can continue.

CKE signal has to be held HIGH when the commands listed in the command truth table
input.

Table 91: Command Truth Table

Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture of

transmitted data

SDR CA Pins
Command cs CA0 CAI CA2 cA3 CA4 CAS CKEdge | Notes
MRW-I H L H H L L OP7 Wy L
L MAO MAI MA2 MA3 MA4 MAS Ny
MRW-2 H L H H L H OP6 Ny L
L OP0 OPI oP2 OP3 oP4 oPs A
MRR-| H L H H H L v Ny 1,2, 12
L MAO MAI MA2 MA3 MA4 MAS :
REFRESH H L L L H L AB . 1,2,3,4
(alliper bank) L BAO BAI BA2 v v v ;
ENTER SELF H L L L H H v . 1,2
RE- FRESH - v :
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Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture of

transmitted data

SDR CA Pins

Command (o) CA0 CAl CA2 CA3 CA4 CAS5 CK Edge Notes

ACTIVATE-I H H L RI2 RI3 R14 RIS Ny 1,2,3, 11
L BAO BAI BA2 RI6 RI0 RI Ny

ACTIVATE-2 H H H R6 R7 RS R9 Ny L
L RO RI R2 R3 R4 RS Ny

WRITE-1 H L L H L L BL Ny 1,2,3,6,
L BAO BAI BA2 v c9 AP A 1,9

EXIT SELF H L L H L H v Ny 1,2

RE- FRESH s v N

MASK WRITE-I| H L L H H L BL Ny 1,2,3,5,
L BAO BAI BA2 v c9 AP n 61,9

RFU H L L H H H v Ny 1,2
L v £

RFU H L H L | H L v Iy 1,2
L v £

RFU H L H L ‘ H H v : 1,2
L A\ _rz.l

READ-1 H L H L L L BL A 1,2,3,6,
L BAO BAI BA2 v c9 AP A 1,9

CAS-2 H L H L L H cs A 1,8,9

S’VR'TE' L c2 c3 ca cs cé c7 ]

MASKED Ny

WRITE-

2,

READ-2, MRR-2,

MPC (except

NOP)

PRECHARGE H L L L L H AB Wy 1,2,3, 4

(all/per bank) L BAO BAI BA2 v v v A

MPC H L L L L L OP6 Wy 1,2, 13

(TRAIN, NOF) L OP0O OPI oP2 OP3 OP4 OP5 n

DESELECT L X Wy 1,2

Notes: I. 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.

2. V=H orL (adefined logic level); X =
CA[5:0] can be floated.

3. Bank addresses BA[2:0] determine which bank is to be operated upon.

"Don't Care," in which case CS, CK_t, CK_c, and
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4. AB HIGH during PRECHARGE or REFRESH commands indicate the command W
plied to all banks, and the bank addresses are "Don't Care."

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

6. AP HIGH during a WRITE-1, MASK WRITE-I, or READ-I 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.

7. When enabled in the mode register, BL HIGH during a WRITE-1, MASK-WRITE-I, or
READ-I 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.

8. 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.

9. WRITE-I, MASK-WRITE-I, 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-I, READ-1, MRR-1, or MPC (only WRITE-FIFO, READ-
FIFO, and READ DQ CALIBRA- TION) 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 issu- ing any other commands.

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

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

12. The MRR-I 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.

13. The MPC command for READ or WRITE TRAINING operations must be followed by the
CAS-2 command consecutively without any other commands between them. The MPC
command must be issued prior to the CAS-2 command.

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 ad-
dresses are entered with activate-1 and the lower-row addresses are entered with ACTI-
VATE-2. ACTIVATE-I 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 ACTI-
VATE-2 command must be applied before any READ or WRITE operation can be execu-
ted. The device can accept a READ or WRITE command at time ‘RCD after the ACTI-
VATE-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
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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 s
determined by the row cycle time of the device (*RC). The minimum time inter- val
between ACTIVATE-2 commands to different banks is tRRD.

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 tFAW window. Convert to clocks by di- viding
tFAW/[ns] by tCK[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 is- sued
between clock N + | 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 T T2 W Ta0 Tal T2 Ta3 Tb0 Thl  Tb2  Th3 T Td Tdo Tdl Td2 Td3  Td4 Tds

CK.c
CKt

CKE

! i WD i i : i i i 5
i i sl i i i i i i e | s
Command< ACTIVATE-1 X ACI’IVATE-Z@' ?( ACTIVATE- X ACTIVATE-2 )@' >< READ] X cas2 XYoes! 9( per bank  )\DES ?( ACTIVATE-] X ACTIVATE-2
N N N N ol . f L :

i RC

D Don'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. 'rCCD = MIN, 1.5aCK postamble, 533 MHz < clock frequency <
800 MHz, ODT worst timing case.
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Figure 16: "FAW Timing

T0 T T2 LE] Tab Tal Ta2 Ta3 Th0 Tbl T2 Th3 T0 T T2 T3 T4 Td0 Tdl Td2 Td3 Td4

e T

CK.c
CK_t
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[ i |
| I {
Command( ACTIVATEL )(AGNATM )@ b(

| N | | A 1]
L I | e

{ i { i i | { | | E
| | { { :
ACTIVATE X ACTIVATE-2 )@ b( ACTIVATE-1 XAcmAu-z )@ b(lCYNATEI X acTvaTe2 X 0 ! loes X ACTIVATED X ACfNATE—Z)
| | | w0 { | wRD !
] T 1 1 \ \ |

i 1
D Don't Care

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

Read and Write Access Modes

After a bank 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 de- vice 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 com- mands.

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 MRI| OP[3] (0 =
Static; | = Toggle).

The read postamble has a programmable option to extend the postamble by | nCK

(*RPSTE). The extended postamble option is enabled via MRW to MRI OP[7] (0 =
0.5nCK; I = 1.5nCK).
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Figure 17: DQS Read Preamble and Postamble — Toggling Preamble and 0.5nCK Postamble

T Tal TbO Tbhl Tbh2 Thb3 Th4 TS T TO T T2 T3 Tcd

il 4 - e | T —
» i i ! ! ; _ :. - P / _ | L :_ —4 — |7
Command ( RD-1 X CAS-2 X DES.-) .-IDES X DS.-:' :JDES X DES X DES X DES X DES X DES X DB;" :'IDES X DES X DES X DES X DES
- - - ™ 3 e : Y T T T T T T T 1 I
B RL 'DQSCK
'RPRE
DQS_c \'l ~| Y )
oas.s (L (!
L ! ] ’_‘,u )

Notes: |. BL =16, Preamble = Toggling, Postamble = 0.5nCK.
2. DQS and DQ terminated Vssq.

3. 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

Tl?G Tc0  Tcl

e
\r._;.; \ Pt |

T3 T4

l ot

p—
2}

2.‘.-» i'.. E'. 4 .
i .'lDES X DES X DES X DES X DES
e 1 i 1 1

]

DQS_c Y) Y )
DQS_t { { { !
DQ ] 5|
DM { { { L

Notes: |. BL =16, Preamble = Static, Postamble = 1.5nCK (extended).
2. DQS and DQ terminated Vssq.

3. DQS_t/DQS_c is "Don’t Care" prior to the start of tRPRE. No transition of DQS is implied,
as DQS_t/DQS_c can be HIGH, LOW, or High-Z prior to ‘RPRE.
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Figure 19: DQS Write Preamble and Postamble - 0.5nCK Postamble
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Command( WRITE-1 X CAS-2 XDS? ']DB XDBXDBXDE XDS XDEF[’DSXDBXDBXDBXDBXDBXDS DES
| T TS B R TR T

i T
Wi DASS
DQS_c 1)
DQS_t i (
'DQS2DQ

Notes: |. BL=16,Postamble = 0.5nCK.
2. DQS and DQ terminated Vssq.

3. 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.

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

Tad Ta5 Tbo Tbl  Th2 T3 Th4 ThS The  Tb7
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-
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Command( EWR]TE-IE X ECAS;-Z XDES JDS XDB XDB XDS XDB XDES D XDESXDES XDESXDS XDESXDES><__

WL
"WPRE
DQS_c )
DQS_t { {
'pQs20Q
\
DMI { .)
v N

Don’t Care

Notes: |. BL=16,Postamble = 1.5nCK.
2. DQS and DQ terminated Vssq.

3. 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

A burst 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).

N

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 t*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 subsequent 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 programmable 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

Ti6 nmz TIi8 TI9 T2 T21 T22 T23 7133 T34 T35 T36 T4l T42 T43  T44

Command( EREAD-lE X E CAS-2

'CCD = 16

RL=14

RL=14

| ‘basck BL/2=16

DQS_c
DQS_t

Notes:

m Don't Care

I. BL =32 for column n, BL = 16 for column m, RL = 14, Preamble = Toggle, Postamble =
0.5nCK, DQ/DQS: Vssq termination.

2. Dout 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

Th4 TS Thé

I
Command( ]READ-“ X Cas-2
| I ]

RERE R RN
00 D i e T AT
0 CHED Gl S D Y D ) Y @R

RL+ RU('DQSCKMAX)/ 'CK + B2
+ RD( 'RPST)- WL+ WFRE

R |

DQS_c \Y
DQS_t '
L)

DQ
DMl 3]
(8

D Don't Care

Notes: |. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK,
Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. Dourt n = data-out from column n and Din 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

CA

—

)J\DS.I'M :READ‘I: X cas2 X_?}'K

Command( 'm_" X vWZ

RL

DQs_c 1 )
DQS_t (L (L )
X / /) 54 206608 DOODOE
Bank 1

m Don't Care
Notes: |. BL=16,tCCD = 8, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Dout 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

Tb4  TbS Tco

| ;[ i

ES{' :'IDFSXDEFSXDFXDFSXDFSXDFSXDFSXDES;‘I Z'IDEESXDBXD:ESXDEES

Command < RD-1

'HZ(DQS)
RL ‘DQSCK
’ 'LZ(DQS) _|__'RPRE

DQS_c ) V)
DQS_t { ! { !

‘HZ(DQ)

'LZ(DQ)
DQ 1) 1)
DMI {1 {1

Notes: |. BL =16, Preamble = Toggling, Postamble = 0.5nCK.

2. DQS, DQ, and DMI terminated Vssq.

3. Output driver does not turn on before an endpoint of ‘LZ(DQS) and ‘LZ(DQ).
4.

Output driver does not turn off before an endpoint of tHZ(DQS) and *HZ(DQ).

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

tHZ and fLZ 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 out- put
is no longer driving *tHZ(DQS) and *HZ(DQ), or begins driving t{LZ(DQS) and 'LZ(DQ).
This section shows a method to calculate the point when the device is no lon- ger driving
tHZ(DQS) and *tHZ(DQ), or begins driving *LZ(DQS) and ‘LZ(DQ), by meas- uring the
signal at two different voltages. The actual voltage measurement points are not critical as
long as the calculation is consistent. The parameters *LZ(DQS), ‘LZ(DQ), tHZ(DQS), and
tHZ(DQ) are defined as single ended.
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Figure 25: 'LZ(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 Ron = 40 ohms, VoH = Vpbpqg X 0.5.

2. Termination condition for DQS_t and DQS_C =50 ohms to Vssq.
3

. The VoH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual VoH value for *tHZ and 'LZ measurements.

Figure 26: *tHZ(DQS) Method for Calculating Transitions and Endpoint

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

CK_t
CK_c
HZ(DQS)
i End point: Extrapolated point
Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, VoH = Vbbpqg X 0.5.
2. Termination condition for DQS_t and DQS_C =50 ohms to Vsso.
3.

The Vou level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual VoH value for *tHZ and ‘LZ measurements.
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Table 92: Reference Voltage for tLZ(DQS), *tHZ(DQS) Timing Measurements

XSEMITRON
e

Measured Parameter
Measured Parameter Symbol Vswi Vsw2 Unit
DQS_c Low-Z time tLZ(DQS) 0.4 x Vou 0.6 X Von v
from CK_t, CK_c
DQS_c High-Z time tHZ(DQS) 0.4 x Vou 0.6 x VoH
from CK_t, CK_c

fL.Z(DQ) and *tHZ(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

Notes:

'LZ(DQ)
4—2 2+
Vo === oo o= == DQs
/
0.5x Vo ..o | 7 Vo
VSWI
,’ End point: Extrapolated point
OV v -6/ _________________ =

. Conditions for calibration: Pull down driver Ron =40 ohms, VoH = Vpbbpq X 0.5.
2. Termination condition for DQ and DMI = 50 ohms to Vssq.
3. The Von level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-

ances. Use the actual VoH value for *tHZ and ‘LZ measurements.
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Figure 28: tHZ(DQ) Method for Calculating Transitions and Endpoint '\_/
CK_t - CK_c crossing at the second CAS-2 of READ command
CK_t
CK.c
'HZ(DQ)
é 2_> /End point: Extrapolated point
Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, VoH = Vpbpqg X 0.5.

2. Termination condition for DQ and DMI = 50 ohms to Vssq.

3. The VoH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual VoH value for *tHZ and ‘LZ measurements.

Table 93: Reference Voltage for ‘LZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter

Measured Parameter Symbol Vswi Vsw2 Unit

DQ Low-Z time LZ(DQ) 0.4 x Vou 0.6 X VoH \"
from CK_t, CK_c

DQ High-Z time *HZ(DQ) 0.4 x VoH 0.6 x VoH
from CK_t, CK ¢
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A burst 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 address- es
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 driv- en
WL x t 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 ‘WPST (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

TaZ Ta3 Ta4 TaS Tab Tb0 Tbl Tb2 Tc0 T4 Ti Tdl Td2 Td3 Tb4 TdS
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DQS_c ) )
DQS_t T

DQ ,-'3

'DQSS (Nominal)
'WPRE
DQs_c \ S gy ‘ \
DQs.t |"‘ YA X 0000 ({ ':'!
‘DQSZDQ

' TR
a ! i DD b{)[)@ﬂ_l

g ——

"WPRE
ot ') Y ')
DSt [ AL A [
DQ 1

g —

D Don't Care
Notes: |. BL=16, Write postamble =0.5nCK, DQ/DQS: Vssq termination.
2. DN n = data-in to column n.
3. WR 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.
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Figure 30: Burst Write Followed by Burst Read
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I
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DQS_c Y
DQS_t I}
)

DQ {

D Don't Care

Notes: |. BL =16, Write postamble =0.5nCK, DQ/DQS: Vssq termination.
2. Din 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 + | + BL/2 + RU(*WTR/*CK)].

4. *WTR 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.
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Write Timing

Figure 31: Write Timing
T0 T1 T2 T3 T4 TaO Tal Ta2z Ta3 T4 Ta5 Tab ) Tb0 Tbl Th2 Tb3 Th4 Tb5

IR 7y £ £\ /
7 / Hd

L |
| _X CAX CIAW :.///////////////////////////// ///////////////////////
Command ( WRITE X cas2 XDEs‘ |DBXDESX DESX DEs X DFSX DEs X DES X:ELI_X DFSX DF_:,X DESXDESX DES)\'L

'DQSS (MIN)
bas tD(QSS (MIN) : ‘DSH - - IDSS WPST
+ TR, YA O ) OONOOO0 D W
DQS_ “ ¥ J J 47 1
t 'DQS2DQ

o 77T, ’////////////////////;@@@ﬁ @@-‘@‘ i

ADQSE (Nominal)

IDQSS (Nominal)

o T OCCONCOC0d D000

'DQS2DQ

o 77T, T T

'DQSS (MAX)

Notes: |. BL =16, Write postamble = 0.5nCK.
2. Din 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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*WPRE Calculation for ATE (Automatic Test Equipment) gl

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

CK t 2 % 3 \ = 3
CK_c \ / \ / \ ViRIEA .

Resulting differential signal
relevant for 'WPRE specification

Vsw?2
Vswl ;
DQS_t- DQS_c ov

Begin point:

Extrapolated point

'WPRE
Note: |. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssq.

Table 94: Method for Calculating *‘WPRE Transitions and Endpoints

Measured Parameter Symbol Vswl Vsw2 Unit

Measured Parameter

DQS_t, DQS ¢
differential write preamble

‘WPRE ViuL ac X 0.3 VinL ac X 0.7 v

tWPST Calculation for ATE (Automatic Test Equipment)

Figure 33: Method for Calculating *‘WPST Transitions and Endpoints

CKt — ,. ., ,.
ke —/\ A A\ A\ AN

Resulting differential signal
relevant for 'WPST specification

ov

Vsw2
Vswi

<-—__ End point:
Extrapolated point
"WPST

DQS_t-DQS_c

. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssq.

2. Write postamble: 0.5CK
3. The method for calculating differential pulse widths for 1.5¢CK postamble is same as
0.5¢CK postamble.
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Table 95: Reference Voltage for *‘WPST Timing Measurements \_/
Measured Parameter

Measured Parameter Symbol Vswi Vsw2 Unit

DQS_t, DQS_c ‘WPST —(ViHL_AC % —(ViHL_AC % \"

differential write postamble 0.7) 0.3)

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 imple- ment
efficient data protection schemes based on larger data blocks. The MASK

WRITE-| 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 tCCDMW 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.

Figure 34: MASK WRITE Command - Same Bank

Ta2 Ta3 Tad Ta5 Tab T9 Tc10

fiv

TTT

Command { MASK WRITE-1 CAS-2 DES/ DES ¥ DES :.;:Des YOE

WL

DQS_c 1
DQS_t {

a 2\_:‘ {‘ o N

le—s| 'DQS2DQ

& BEEEONEEOR_ )]

D Don't Care

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

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.

w N
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Figure 35: MASK WRITE Command - Different Bank
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=16, DQ/DQS/DMI: Vssq termination.

2. Din 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.

Notes:
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Mask Write Timing Constraints for BL16

Table 96: Same Bank (ODT Disabled)

\-/

Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU(*RCD/*CK) RU(*RCD/*CK) RU(*RCD'tCK) RU(*RAS/CK)
READ lllegal 8! RL + RL + BL/2 +
(with BL = 16) RU(*DQSCK(MAX | RU(*DQSCK(MAX | MAX{(8,RU(‘RTP/
)/ t*CK) + BL/2 - ) *CK) + BL/2 - tCK)} - 8
WL + ‘WPRE + WL + *‘WPRE +
RD(*RPST) RD(*RPST)
READ lllegal 162 RL + RL + BL/2 +
(with BL = 32) RU(*DQSCK(MAX | RU(*DQSCK(MAX | MAX{(8,RU(*RTP/
)/ *CK) + BL/2 - )/ *CK) + BL/2 - tCK)} - 8
WL + ‘WPRE + WL + *‘WPRE +
RD( tRPST) RD( tRPST)
WRITE lllegal WL+ [+BL/2 + 8! tCCDMW?3 WL+ 1+BL/2+
(with BL = 16) RU(*WTR/*CK) RU(*WR/*CK)
WRITE lllegal WL+ 1 +BL/2+ 162 tCCDMW + 84 WL+ 1 +BL/2+
(with BL = 32) RU(*WTR/*CK) RU(*WR/*CK)
MASK WRITE lllegal WL+1+BL/2+ tCCD tCCDMW? WL+ 1+BL/2+
RU(*WTR/*CK) RU(*WR/*CK)
PRECHARGE RU(*RP/CK), lllegal lllegal llegal 4
RU(*RPab/*CK)
Notes: |. Inthe case of BL=16,tCCD is 8 x tCK.
2. Inthe case of BL=32,*CCD is 16 x tCK.
3. *CCDMW =32 x *CK (4 x *CCD at BL = 16).
4. WRITE with BL = 32 operation is 8 x *CK longer than BL = 16.
Table 97: 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 22
READ 4 8! RL + RL + 22
(with BL = 16) RU(*DQSCK(MAX | RU(*DQSCK(MAX
)/ *CK) + BL/2 - )/ t*CK) + BL/2 -
WL + ‘WPRE + WL + ‘WPRE +
RD( ‘RPST) RD( tRPST)
READ 4 162 RL + RL + 22
(with BL = 32) RU(*DQSCK(MAX)| RU(*DQSCK(MAX
/*CK) + BL/2 - WL | )/ *CK) + BL/2 -
+ ‘'WPRE + WL + *WPRE +
RD(*RPST) RD(‘RPST)
WRITE 4 WL+ 1+BL/2 + 8! 8! 22
(with BL = 16) RU(*WTR/*CK)
WRITE 4 WL+ 1 +BL2+ 162 162 22
(with BL = 32) RU(*WTR/*CK)
MASK WRITE 4 WL+ | +BL/2+ 8! 8! 22
RU(*WTR/*CK)
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Table 97: Different Bank (ODT Disabled) (Continued)

Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
PRECHARGE 4 4 4 4 4
Notes: . Inthe case of BL=16,tCCD is 8 x tCK
2. Inthe case of BL=32,*CCDis 16 x *CK
Table 98: Same Bank (ODT Enabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU(*RCD/*CK) RU(*RCD/*CK) RU(*RCD'tCK) RU(*RAS/*CK)
READ lllegal 8! RL + RU( RL + RU( BL/2 +
(with BL = 16) tDQSCK(MAX)/ tDQSCK(MAX)/ MAX{(8,RU(*RTP
tCK) tCK) 1tCK)} - 8
+ BL/2 + RD(*RPST) | + BL/2 + RD(‘RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ ‘CK) | ‘ODTon(MIN)/ t*CK)
READ lllegal 162 RL + RU( RL + RU( BL/2 +
(with BL = 32) tDQSCK(MAX)/ ‘DQSCK(MAX)/ MAX{(8,RU(*RTP/
tCK) tCK) tCK)} - 8
+ BL/2 + RD('*RPST) | + BL/2 + RD(*RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ ‘CK) | ‘ODTon(MIN)/ t*CK)
WRITE lllegal WL+ 1+BL/2 + 8! tCCDMW?3 WL+ 1 +BL/2+
witl =
ithBL=16 RU(*WTR/*CK RU(*WR/tCK
WRITE llegal WL+ 1+BL2+ 162 tCCDMW + 84 WL+ 1 +BL/2+
(with BL = 32) RU(*WTR/*CK) RU(*WR/tCK)
MASK WRITE lllegal WL+ 1+BL2+ tCCD tCCDMW?3 WL+ 1 +BL/2+
RU(*WTR/*CK) RU(*WR/tCK)
PRECHARGE RU(‘RP/tCK), llegal llegal llegal 4
RU(*RPab/tCK)
Notes: . Inthe case of BL=16,tCCD is 8 x tCK.
2. Inthe case of BL=32,*CCDis 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 99: Different Bank (ODT Enabled)
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 22
READ 4 8! RL + RU( RL + RU( 2
(with BL = 16) tDQSCK(MAX)/ tDQSCK(MAX)/
tCK) tCK)
+ BL/2 + RD(*RPST) | + BL/2 + RD( *RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ ‘CK) | ‘ODTon(MIN)/ t*CK)
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Next CMD READ WRITE
Current CMD ACTIVE (BL =16 or 32) (BL =16 or 32) MASK WRITE PRECHARGE
READ 4 162 RL + RU( RL + RU( 22
(with BL = 32) tDQSCK(MAX)/ tDQSCK(MAX)/
tCK) tCK)
+ BL/2 + RD(*RPST) | + BL/2 + RD(*RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ tCK) | tODTon(MIN)/ *CK)
WRITE 4 WL+ 1+BL/2 + 8! 8! 22
(with BL = 16) RU(*WTR/*CK)
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
RU(‘WTR/CK)
PRECHARGE 4 4 4 4 4
Notes: |. Inthe case of BL=16,tCCD is 8 x tCK.

2. Inthe case of BL=32,tCCDis 16 x tCK.

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. DBl (DC) for READ opera- tions
(READ, MRR) can be enabled or disabled via MR3 OP[6]. DBI (DC) for WRITE op-
erations (WRITE, MASK WRITE, MRW) can be enabled or disabled via MR3 OP[7]. DM
for MASK WRITE operations can be enabled or disabled via MRI3 OP[5]. 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
electrically identical to a DQ signal.

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

Table 100: 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 | Don't Care! | lllegal,3 High-Z2 | Don't Care' | High-Z2 High-Z2
Disabled Enabled Disabled DBI (DC)* lllegal® High-Z2 Train® Train'® Train'!
Disabled Disabled Enabled | Don't Care! lllegal® DBI Train’ Train'? Train''
(DC)
Disabled Enabled Enabled DBI (DC)* lllegal® DBI Train’ Train'? Train''
(DCy®
Enabled Disabled Disabled | Don't Care® DM’ High-Z2 Train? Train'? Train''
Enabled Enabled Disabled DBI (DC)* DBI High-Z2 Train’ Train'? Train''
(DC)®
Enabled Disabled Enabled | Don't Care® DM’ DBI Train’ Train'? Train''
(DC)*
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Table 100: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ Opeth_i(y

(Continued)
DMI Signal
During During During During
DM Write DBl | Read DBI During MASKED During MPC[WRIT | MPC[READ- | MPC[READ
Function (DC) (DC) WRITE WRITE READ E-FIFO] FIFO] DQ CAL]
Enabled Enabled Enabled DBI(DC)* | DBI(DC)® | DBI(DC)’ Train’ Train'? Train''
Notes: |. The DMI input signal is "Don’t Care." DMI input receivers are turned off.

2. DMI output drivers are turned off.

3. The MASK WRITE command is not allowed and is considered an illegal command when

the DM function is disabled.

The DMI 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 DMI is sampled HIGH and leaves the write data non-inverted if DMI is sam-

pled LOW.

. The device inverts read data on its DQ outputs associated within a byte and drives the

DMl signal HIGH when more than four data bits = | 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
opera- tions. The DMI signal is treated as a data mask (DM) and indicates which bytes within
a burst will be masked. When the DMI signal is sampled HIGH, the device masks that beat of
the burst for the given byte lane. All DQ input signals within abyte are "Don't Care" (either
HIGH or LOW) when DMI is HIGH. When the DMI signal is sampled LOW, the de- vice
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

opera- tions. The device masks the write data received on the DQ inputs if five or more
data bits = | on DQ[2:7] or DQ[10:15] (for lower byte or upper byte respectively) and the
DMl 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 DMl 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.

. The DMI signal is treated as a training pattern. The device returns the data pattern writ- ten

to the WRITE-FIFO.

. The DMI 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 \ /
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Notes: |. N:Inputdata is written to DRAM cell.
2. l: Input data is inverted, then written to DRAM cell.

3. M: Input data is masked. The total count of | data bits on DQ[7:2] is equal to or greater
than five.

4. Data mask (DM) is enable: MR13 OP [5] = 0, Data bus inversion (DBI) write is enable:
MR3 OP[7] = I.
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Figure 37: WRITE Command with Write DBI Enabled; DM Disabled
T0 T1 T2 T3 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Tab6 ThO

Nened e

Command< WRITE-1 X CAS-2

WL |
DQS_c
DQS_t 4
"I NN 1 NNN

DMI[0]

, '

//// Don’t Care

Notes: |. N:Inputdata is written to DRAM cell.

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

3. Data mask (DM) is disable: MR13 OP [5] = I, Data bus inversion (DBI) write is enable:
MR3 OP[7] = I.
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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 fol-
lowing DQS controls. Before and after WRITE, MASKED WRITE, and WR-FIFO opera-
tions, 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 I: Read-based control
¢ 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 ambiguity 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 | — 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 nor-
mal 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 |

g;T WT BURST Following states from WT burst
D|
L
pas. LI \
c
DQS

) __.r"" _.-":
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
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ODT,WDQS_on and WDQS_off constraints conflict with tRTW. 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 operation 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 differen-
tial DQS_tand 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 - n 'CK,
0 tCK) where RD to WT command gap = ‘RTW(MIN)@ODT disable + n *CK
— WDQS_Exception @ ODT enable = 'tDQSTA

Table 101: WDQS_On/WDQS_Off Definition

WRITE WDQS_On WDQS_Off Tower Upper
Latency (Max) (Min) Frequency Frequency
Set A Set B nWR nRTP Set A Set B Set A Set B Limit (>) Limit (<)
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 102: 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)
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Table 103: DQS Turn-Around Parameter

Parameter Description Value Unit Note
‘DQSTA Turn-around time RDQS to WDQS for WDQS control TBD - |
case

Note: 1. tDQSTA is only applied to WDQS_exception case when WDQS Control. Except for
WDQS Control, ‘DQSTA can be ignored.

Figure 39: Burst WRITE Operation

T0 mn T2 T3 T4 Ta) Tal Ta2 Ta3 Ta4 Tas Tab Ta7 Ta8 Ta9
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*DQSS(MIN)

WDQS_on

DQS_c VY
DQS_t (L

8

TWPRE
bas !l
DQS_t
3
bQ i1
ODTLon "ODTon{MAX)
‘ODTon(MIN)
DRAM Ryt ODT High-Z l-' ': Transion ! 00T on
5 QDT of

Notes: |. BL=16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. DIl 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 Rt is only applied when ODT is enabled (MRI 1 OP[2:0] is not 000b).

93



XS47A08GCDx

Mobile-LPDDR4 / 4X

>
XSeMiTRON

Figure 40: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Disable)
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DQS_c TS
DQS_t [
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/| Don't Care
Notes:

I. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK,Write postamble = 0.5nCK.
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.

4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ operation
period including READ burst period and ‘RPST or over- lapped with turn-around time (RD-WT or WT-RD).
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Figure 41: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Enable)
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Notes:

I. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK, DQ/DQS:
VssqQ 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.

4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ operation
period including READ burst period and *RPST or over- lapped 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 in-
cluded for clarity.
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READ-to-READ Operations — Seamless

Figure 42: READ Operations: *CCD = MIN, Preamble = Toggle, 1.5nCK Postamble
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g < ]

DOS.t High-Z l‘ {
9 High-Z )]

oMI igh- / :'

D Don't Care
Notes:

BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
Dout nim = data-out from column n and column m
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: t*CCD = MIN + |, Preamble = Toggle, 1.5nCK Postamble
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fWwav”UJUUQLUU i

' | Don't Care

Notes: I. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Dourt nim = 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 + |, Preamble = Toggle, 0.5nCK Postamble
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Command { READ1 ) CAs2

DQS_c
DSt High-Z
DQ )
Bl High-Z ] 1 i
BL/2=8 BL/2=8
I_—z Don't Care
Notes:

I. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dout nim = 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 + I, Preamble = Static, 1.5nCK Postamble
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' ' '
. ' . '
'

command ( Reaot ) casa ' (oes Y oes ) oes X oes ) oes X oes ) oes ) oes o B@@@@

ey =2

e e
csheooe

cechecas
)

‘RPST
DQS_c
DSt High-Z . High-Z
DQ
DMI High-Z High-Z

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
Dout nlm = data-out from column n and column m.

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

Figure 46: Consecutive READ: tCCD = MIN + |, Preamble = Static, 0.5nCK Postamble

T1I0 T TI3 T4 TIS

T12 Ti6 TI7 T8 TI9 T2 T21 T26 T27 T28 T29 T30

" ’
ST /,’ 77/ :
'1 (LI 1/1‘41/"' .

Notes:
BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
Dout nlm = data-out from column n and column m.

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

98



XS47A08GCDx Mobile-LPDDR4 / 4X XEW'IRON

Figure 47: Consecutive READ: tCCD = MIN + 2, Preamble = Toggle, |.5nCK Postamble

TIS Ti6 T17 Ti8 TI9 T20 T21 T22 T28 T29 T30 T31

g
!

g~

] ] H % ¥
i i i i i
i i i i i

oes X Des X Des X pes X Des X Des Y pes X pes ¥ Des DESDES

RL=6 ‘DQSCK
1

Command( ;EAD—] X CAS-2
i 1 i

‘RPST

‘RPRE

DQS_c - B
DAS.t High-Z {

DQ - ]

oMI High-Z : &

Notes: |. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Dourt nim = 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 48: Consecutive READ: tCCD = MIN + 2, Preamble = Toggle, 0.5nCK Postamble \ /

L2 o ™ 1l2 ny T4 TI5 TiI6 717 TIS8 MY M0 T T2 T8 T9 T T

m\/\f\f\r\ﬂu'\f‘ f\f"’f'\" \f\f\f\f‘ l"{ }\v’?U\f\f\/\
cs_/\ : : | N : " i

e —EY VA TR PAVEVAVAVA i 00003
= T : . e BOEE(
r"-: Don’t Care

Notes: |. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dout nim = 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 49: Consecutive READ: tCCD = MIN + 2, Preamble = Static, 1.5nCK Postamble

Tio Th T!Z T3 T4 TIS TI6 TI17 TI8 TI9 T2

21

'
'
‘
1
'
'
-

DQS_c
DQS_t

DMI

BL/2=8

I';;jl Don't Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Dout nim = 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 50: Consecutive READ: tCCD = MIN + 2, Preamble = Static, 0.5nCK Postamble

Ti3 T4

ot

9

T20 T21

XSeMiTRON
e’

T22 T28 T29 T30

Command( §{EAD—I X §CAS-Z XDgEsoggESXDESXDEX READ-I. X }CAS-Z ' DESXDESXDESX
i i i :'CCI;=]O; i H i i i i i i H 1 T 7 H i

RL=6 *DQSCK
RL=6 | 'DQSCK
I
‘RPRE
T )] / WV
DAS.t High-Z | l‘ ])\ )
o High-Z )]
DMI 9 i
Notes: |

these times.

. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
DouTt nlm = data-out from column n and column m.

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

TiIo ™

5 T}G Tz
e .

- -y

T8 M9

-

T20 T21 T2

T'23 T'29 T?O ™

-

Notes: |. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Dourt nim = 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: tCCD = MIN + 3, Preamble = Toggle, 0.5nCK Postamble

TS Ti6 T17 T8 TI9

T20 T2 T2 T23 T29 T30 T3

- 1\ LX)

‘ '
' '
' '
' '
T
'
‘
'

'
'
'
'

A
'
'
'

r
I
——

] ] ' 3 | 2 a2 % L
(T T T I /Tr 77177777 7] z {/ 77 '7/ 7/ /"'/.'rv',',
I/A/ l{/// S ”"‘/ L "1’/)1/‘ TSI /'/[A’A'Zx' 2L i/ i (e i 44"' L
' ' ' ' '
‘ . '

LLLL
'

Command( READ-1 X CAS-2

B TR € e Y(oee o) o Yoes Xoss Yo

DQS_c 1 e
High-Z ( (b
DQS_t { il
DQ - .
Sk High-Z ) /

Notes: |. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dout nim = 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

T T T2 T3 T4 T7 T T9 TIO TN T2 T3 T4 TIS TI6 Ti7 TI§ TI9 T T21 T2 T23 T29 T30 T3
5 ‘ 3 V ‘ ' ‘ : 122: ' '
vVt i ]

///////f /w; T,

@@ @3@@'-

Notes: |. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Dout nim = 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
Tp T T2 T3 T4 T7 T8 T9 TIO T T2 T3 T4 TIS T6 TI7 T8 T9 T20 T2 T2 T23 T29 TIO T3
s j\ /\

command { ReAD1 ) cAs2

DQS_c
High-Z
DQS_t 2
bQ :
DM High-Z

Notes: 1. BL =16 for column n and column m; RL = 6, Preamble = Static; Postamble = 0.5nCK
2. Dourt nim = 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: tCCD = MIN, 0.5nCK Postamble

TI0O T11 Ti2 T3 T4

Command (CWRITET NI BB B oes oes Y Cwaire. )T @53 T)(oes (s Y o X s ) oes X o ) o) o6
T T ! T T T T T T T T T T T Y T T T Y T
‘CCD=8

DQS_c ,,/-,/,v, 17077
DQs_t /4 114 1174
bQ 7 7 7
DMmI 4

Notes: |. BL =16, Write postamble = 0.5nCK.
2. Din nlm = 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: *CCD = MIN, 1.5nCK Postamble, 533 MHz < Clock Frequency < 800 MHz,
ODT Worst Timing Case

T24 T25 T3 T32 T33 T34

X pes/ ‘.'05 X  WRITE-1 X CAS-2

‘CCD=38

Command ( WRITE-l X VCAS-Z

WL=12 I

DQS_c
DQS_t

fm e

B

|
" I
ODTLon =6 ‘ODTon(MAX) |

1
1
DRAM Ry ,-' ! ODT High-z *

DM (L1 :

; ] i ODT High-Z
N -
ODTLoff = 22 {ODToFf(MIN)

D Don't Care

Notes: |. Clock frequency = 800 MHz, tCK(AVG) = |.25ns.
2. BL = 16, Write postamble = 1.5nCK.
3. DiN nlm = data-in from column n and column m.

4. 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.

105



. A ™
XS47A08GCDx Mobile-LPDDR4 / 4X XEW'IRON

Figure 57: Seamless WRITE: tCCD = MIN, 1.5nCK Postamble

DRI O DI

Command ( leTE»l X CAS-2

WL=14
DQS_C ; i ;' T 77 /"; 777 77
DQs_t ¢ 2 ¢ L7 4 ¢ 71777 //
m ' - y i 1 'r p ¥ i N YTTT T 0777777 A I B A R L\ AR\ A\ A\ \ N\ \O\ R\ [T 7777777
DMI (i (| v/ .‘.?

Notes: |. BL =16, Write postamble = 1.5nCK.
2. Din nlm = 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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WRITE-to-WRITE Operations — Consecutive

Figure 58: Consecutive WRITE: *CCD = MIN + |, 0.5nCK Postamble

T0 TI T2 T3 T:i T8 T9 T TN M2 T!S T4 TI5 T!E M7 T3 T4 T25 T26 T2 T3 T.34 T35 T36 T37

Command ( WRITE1 X CAS2

DQS_c -

DQS-_t ;,r :}:/:’[(, ///7/ /7//}

) I,

DMI

1777271
/// 74 ////,"

7

(/ /| Don't Care

Notes: I. BL = 16, Write postamble = 0.5nCK.
DiNn nlm = 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: tCCD = MIN + I, 1.5nCK Postamble

TI0O T

T4

Ti6 TI7

r-y

T25

T34

T12 T15 T23 T4 T35 736

Command

DQsc i/ 'y /7
DQS_t /"'// W ’{/1 /j” %

= T Vi T,

m Don't Care
Notes: I. BL = 16, Write postamble = 1.5nCK.

2. Din nlm = 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 60: Consecutive WRITE: *CCD = MIN + 2, 0.5nCK Postamble
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1:10 'I:H
ne ey

T2 T3 Ti4

T15 T!S T1‘7 T‘ZS
¢e Lt -y )

T.Z4 T25 T26 T27 T%S T34 135 T36 737

fzz§~
| mmmmm
@@@@@@

Notes: |. BL=

16, Write postamble = 0.5nCK.

K,

sl GBI
BL/2=8
W' .

2. Din nlm = 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: tCCD = MIN + 2, 1.5nCK Postamble

T
- L}

T2 T3 T4 T9 TI0 TN
(& ’e = >, ¢ A L)

T2 T3 T4 T

s Tie T7 T3
! (] -

T4 T25 T26 T27 33 T34 T35 T36 T37 T38
L} [ o Ay [ o "\ At ! L LA | L ] L ’

Command { WRITE1 X CAS2.

U
) o Yo Yo ) )6

WL=12

.. YT, VT T TN

om LTI €

Notes:

1.5nCK.

Din nlm = data-in from column n and column m.

BL = 16, Write postamble =

’// U

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

T9 TIO T T2 T3 T4 TIS TI6 T17 T3 T4 TS

e\

™\

pes K wrime- X cas2
T T i T

€D =11
WL =12
DQs.c 7, 77 l/ 7777777 7T/
oas. LI (LI
OQ 7777 7Iiii I 7777 ii7A ¥ E 777
om LLLLLLIITIE IR l i

Notes: |. BL = 16, Write postamble = 0.5nCK.
2. Din nlm = 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 63: Consecutive WRITE: *CCD = MIN + 3, 1.5nCK Postamble

T0 T‘l T‘Z T3 T.4 T‘9 1:10 T.I] T2 T}! T4 TIS T1‘6 Tl.7 TgS T?4 T?S T26 T2'7 T2‘8 1:34 T'35 TSG T37 T?S
e o - [ A o e | LA ¢ L [ A bl = [ &0 ! ’® " re "y - 4 L)

’ |

'CCD=11

WL=12 | 'DaSS

Notes: I. BL =16, Write postamble = |1.5nCK.
2. Din nlm = 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 64: Consecutive WRITE: *CCD = MIN + 4, 1.5nCK Postamble

™ TIO T1I7 T2 T13 T4 TIS Ti6e T T T TS Y6 TH T29 T3 % T TQ

"..'f\f\f\{\f\ﬂcf\f\/\f\ \/\fnf\/\f\f\
Il

(s S

‘CCO= 12
WL = 12
-_ﬂg_.
ﬁ‘ /‘/ ,/'.' r///////'/n" /j[/ /1, '/ /‘// Y ’/fy—\_/—\_/'_."'

0Q

I, TN
DM ALl // Wi ’[ zt/‘/ 1{/,{’ 1 ;/1////1"// Z /A‘ LN

I‘ /1 ton't Care

Notes: |. BL = 16, Write postamble = 1.5nCK.
2. Din nlm = 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 activa- ted.
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 pre- charge
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 pre- charged 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 pre-
charge time for an all-bank PRECHARGE ( *RPab) is longer than the per-bank precharge
time (*RPpb).

Table 104: Precharge Bank Selection

AB (CA[5], RI) BA2 (CA[2], R2) BAI (CA[I], R2) BAO (CA[0], R2) Precharged Bank

0 0 0 0 Bank 0 only
0 0 0 I Bank | only
0 0 | 0 Bank 2 only
0 0 I I Bank 3 only
0 | 0 0 Bank 4 only
0 I 0 I Bank 5 only
0 | | 0 Bank 6 only
0 I I | Bank 7 only
| 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 pre- charge
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

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

CK_c

CK_t

CA[5:0] <Valld XVand XVahd Xv.-md XVahd, .'Vand XVaudXvand ><Val|d XValld XValld XVahd XValld l\/ahd XVand XVathValld XVaJid >

tRTp RP

X Valid

Command< READ-1 X cAS-2 XValid'." .'

DSt A Y77
DQS_c LLULLLLLLLT TSI

DQII5:0] 77777 - T e
DMI[1:0] /2.1 1 Y '*//u /.{f;'///’f

Y

8 J

valid
D Transitioning Data Don't Care

Figure 66: Burst READ Followed by Precharge — BL32, 2tCK, 0.5nCK Postamble

TI1I0 TiI1 Ti2 Tx Tx+l Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+1 Ty+2 Ty+3 Ty+4

Command < READ-1

DQS_t
DQS_c

DQ[15:0] ; : ) )
DMI[1:0] |

I:] Transitioning Data l:] 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 inter- nal
WRITE operation can only begin after a prefetch group has been clocked; therefore, ‘WR
starts at the prefetch boundaries. The minimum write-to-precharge time for com- mands
to the same bank isWL + BL/2 + | + RU(*WR /*CK) clock cycles.
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Figure 67: Burst WRITE Followed by PRECHARGE - BL16, 2nCK Preamble, 0.5nCK Postamble

Tx Tx+l  Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Ta Ta+l Ta+2 Tn T+l Tn+2 Tns3 Ty Ty+1l  Ty+2 Ty+3 TyH4

X

DQSSIMAX)

Command ( ‘

DQS_c : 7 ) |
DQS_t {

oM / !

Valid
D Transitioning Data D Don'’t Care

Auto Precharge

Before a new row 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 ena-
ble 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 laten- cy),
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, which-
ever is greater. Following an AUTO PRECHARGE operation, an ACTIVATE command can
be issued to the same bank if the following two conditions are both satisfied:

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

TR D T2 T3 T4 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+l Ty+2 Ty+3 Ty+4

CK_c
CK_t
CAl5:0] <Va,.dXVa..dva.dxvm.dxva.d. w.dxvm.dva.dXm.dxva.dxm.dXVa..dXVaj.d w.dxwidxvmdXva.d)(vm@
; ®TP _ | RPpb ,
command (DD ) | Y e Y Y e Yo T O D G
| | | fi " : = i
vase W, /’/ 1 //, " Ty |

DMI[1:0]

<

15:01 7777777 WRNSEES SV S SN N —
s T W i

Valid

D Transitioning Data Don't Care

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

TO T1 T2 T3 T4 TS TI10 Ti1 Ti2 Ti3 Ti4 Tx Tx+l Tx+2 Tx+3 Tx+4 Tx+5 Ty Ty+l Ty+2 Ty+3 Ty+4

F @@@m ) o |

‘ w®TP | 1 ]

1 | | | ‘ | 1 |
Command ( 'READ-I‘ X ‘CAS-ZI X Valid g 3 Valid X ‘Valid X_ _v'\hilzs‘::x ‘Valid Valid ><Val|d.f ’ X AcT X ‘ACT~2' >

DQS_c / 1 _ / ik AN
DQ[15:0] ' | 1Y
DMI[1 :0] / L
I N ~ J
valid

[:] Transitioning Data l:l 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 T T2 RE} T4

Tx+l Tx+2 Tx+3 Tx+4 Tx+5 Tx+#6 Ta Ta+l Tas2 Tn Tn+dl Tn+2 T3

Command< ‘WRITH X cas2 X g X
| ]
[ [
DQS_c T ,
DQS_t : {
DQUI5:0] ,
DMI[1:0] | A

D Transitioning Data D Don't Care

Table 105: 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 RTP tCK 1,6
BL=16 (to same bank as READ)

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

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

ACTIVATE nRTP + ‘RPpb tCK 1,8, 10

(to same bank as READ w/AP)

WRITE or WRITE w/AP lllegal -

(same bank)

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

(same bank)

WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tCK 3,4,5

(different bank) + RD(*RPST) - WL + *‘WPRE

MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/*CK) + BL/2 tCK 3,4,5

(different bank) + RD(*RPST) - WL + *‘WPRE

READ or READ w/AP lllegal -

(same bank)

READ or READ w/AP BL/2 tCK 3

(different bank)
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Table 105: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable
(Continued)
Minimum Delay Between
From Command | To Command "From Command" and "To Command" Unit Notes
READ PRECHARGE 8tCK + nRTP tCK 1,10
w/AP BL = (to same bank as READ w/AP)
32 PRECHARGE ALL 8¢CK + nRTP tCcK 1,10
ACTIVATE 8tCK + nRTP + ‘RPpb tCK 1,8, 10
(to same bank as READ w/AP)
WRITE or WRITE w/AP lllegal -
(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 3,4,5
(different bank) + RD(*RPST) - WL + *‘WPRE
MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tCK 3,4,5
(different bank) + RD(*RPST) - WL + ‘WPRE
READ or READ w/AP lllegal -
(same bank)
READ or READ w/AP BL/2 tCK 3
(different bank)
WRITE PRECHARGE WL +BL/2+WR+ | tCK 1,7
BL =16 and 32 (to same bank as WRITE)
PRECHARGE ALL WL +BL/2 +*WR + | tCK 1,7
MASK-WR PRECHARGE WL +BL/2+WR+ | tCK 1,7
BL=16 (to same bank as MASK-WR)
PRECHARGE ALL WL +BL/2 +*WR + | tCK 1,7
WRITE w/AP PRECHARGE WL +BL/2+nWR+ | tCK I, 11
BL=16and 32 (to same bank as WRITE w/AP)
PRECHARGE ALL WL +BL/2+ nWR + | tCK I, 11
ACTIVATE WL + BL/2 + nWR + | +‘RPpb tCK 1,8,11
(to same bank as WRITE w/AP)
WRITE or WRITE w/AP lllegal -
(same bank)
READ or READ w/AP lllegal -
(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 +BL2+*WTR+ | tCK 3,9
(different bank)
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Table 105: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is DisaV
(Continued)

Minimum Delay Between
From Command | To Command "From Command" and "To Command" Unit Notes
MASK-WR w/AP |PRECHARGE WL + BL/2 + nWR +I tCK I, 1
BL=16 (to same bank as MASK-
WR w/AP)
PRECHARGE ALL WL +BL/2+nWR+ | tCK I, 11
ACTIVATE WL + BL/2 + nWR+ | + ‘RPpb tCK 1,811
(to same bank as MASK-
WR w/AP)
WRITE or WRITE w/AP lllegal - 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 lllegal - 3
(same bank)
READ or READ w/AP WL +BL/2+*WTR + | tCK 3,9
(different bank)
PRECHARGE PRECHARGE 4 tCK I
(to same bank as PRECHARGE)
PRECHARGE ALL 4 tCK |
PRECHARGE ALL|{PRECHARGE 4 tCK I
PRECHARGE ALL 4 tCK |

Notes: .

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.

. 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 sup-
ported. READ, WRITE, and MASK-WR operations may not be truncated or
interrupted.

4. *RPST values depend on MRl OP[7] respectively.

[o2 B, |

‘WPRE values depend on MRI OP[2] respectively.

. Minimum delay between "from command" and "to command" in clock cycle is calcula-

ted by dividing *RTP (in ns) by ‘CK (in ns) and rounding up to the next integer: Minimum
delay [cycles] = roundup(*RTP [ns]/*CK [ns]).

Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing *‘WR (in ns) by ‘CK (in ns) and rounding up to the next integer: Minimum
delay [cycles] = roundup(*WR [ns]/*CK [ns]).
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8. Minimum delay between "from command" and "to command" in clock cycle ig{;;%%/
ted by dividing *RPpb (in ns) by *CK (in ns) and rounding up to the next integer: Mini-
mum delay [cycles] = roundup(*RPpb [ns]/*CK [ns]).

9. Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing *WTR (in ns) by *CK (in ns) and rounding up to the next integer: Mini-
mum 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 I.

Table 106: 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 WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/*CK) + BL/2 tCK 2,3
w/AP BL = (different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/tCK) +
16 |
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) +
|
READ WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tCK 2,3
w/AP BL = (different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/*CK) +
32 |
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) +
|
Notes: |. 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 operations may not be truncated or interrupted.

3. *RPST values depend on MRI OP[7] respectively.

RAS Lock Function

READ with AUTO PRECHARGE or WRITE/MASK WRITE with AUTO PRECHARGE com-
mands 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.

119



XS47A08GCDx Mobile-LPDDR4 / 4X XSeMITRON

Figure 71: Command Input Timing with RAS Lock

TiI9 T20 T21 T22 T23 T4

~—

Command( ACTIVATE-1 XACTIVATE-Z DEs ! J DES RDA-1 X cas-2 DEs X DES

bl

RCD « 20nCK 8nCK

RAS

Don't Care

Notes: |. tCK (AVG) = 0.938ns, Data rate = 2133 Mb/s, tRCD(MIN) = MAX(18ns, 4nCK), tRAS(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.

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-pre-
charge. It means that (*WTR + nRTP) should be equal or longer than (*WR) when BL set-
ting 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

T4

Notes: |. Burstlength atread = 16.

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

The REFRESH command is initiated with CS HIGH, CA0 LOW, CAI| LOW, CA2 LOW, CA3
HIGH and CA4 LOW at the first rising edge of clock. Per-bank REFRESH is initiated with
CAS5 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 transfer- red
on CA0, CAI, and CA2 on the second rising edge of the clock. Bank address BAO is
transferred on CAQ, bank address BAI 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 or- der: |-
3-0-2-4-7-5-6. After the eight banks have been refreshed using the per-bank RE- FRESH
command, the controller can send another set of per-bank REFRESH com- mands 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 con- troller
and the device to zero. The device can be placed in self refresh, or a REFab com- mand 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 coun- ter. If
another REFRESH command (REFab or REFpb) is issued after the REFab com- mand then
it uses an incremented value of the row counter.

The table below shows examples of both bank and refresh counter increment behavior.

Table 107: Bank and Refresh Counter Increment Behavior

Refresh Bank Ref. Conter #

# Command BA2 BAI BAO Bank # Counter # (Row Address #)
0 Reset, SRX, or REFab To 0 -

| REFpb 0 0 0 0 Oto | n

2 REFpb 0 0 | | lto2

3 REFpb 0 I 0 2 2to3

4 REFpb 0 I I 3 3to4

5 REFpb 1 0 0 4 4to5

6 REFpb I 0 I 5 5to6

7 REFpb 1 I 0 6 6to7

8 REFpb | | | 7 7t00
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Refresh Bank Ref. Conter #

# Command BA2 BAI BAO Bank # Counter # (Row Address #)
9 REFpb | I 0 6 Otol n+l

10 REFpb I I I 7 1to2

11 REFpb 0 0 I | 2to3

12 REFpb 0 I I 3 3to4

13 REFpb | 0 I 5 4to5

14 REFpb 0 I 0 2 5to6

15 REFpb 0 0 0 0 6to7

16 REFpb I 0 0 4 7to0

17 REFpb 0 0 0 0 Otol n+2

18 REFpb 0 0 I | 1to2

19 REFpb 0 [ 0 2 2to3

20 REFab v v v Oto7 To 0 n+2

21 REFpb | | 0 6 Oto | n+3

22 REFpb | | | 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 acti-
vating 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). Howev- er,
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 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 PRE-
CHARGE ALL command prior to issuing an all-bank REFRESH command). The REFab
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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 RE- Fab:

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

Table 108: REFRESH Command Timing Constraints

Minimum
Symbol Delay From... To Notes
‘RFCab REFab REFab
ACTIVATE command to any bank
REFpb
‘RFCpb REFpb REFab
ACTIVATE command to same bank as REFpb
REFpb
‘RRD REFpb ACTIVATE command to a different bank than REFpb
ACTIVATE REFpb |
ACTIVATE command to a different bank than the prior ACTIVATE
command

Note: |. Abankmustbe 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.

Figure 73: All-Bank REFRESH Operation

T0
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CA Va;id Va"dX, E ‘i E : l.;',,_bXVa:IidXValidX / 'j / '.} '.’ :‘XVa“dXValidX{jﬂ / % 7/ " ..: 2‘ XVath\ZajEX::

RPab RFCab | .| ReCab

D Don't Care
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Figure 74: Per-Bank REFRESH Operation

T3 Ta0 Tal Ta2z Ta3 Ta4 TbO Thl Th2 Tb3 Th4 Tc0 Tcl T2 T3 T4 Tc5  Tcb
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RPab ‘RFCpb RFCpb

Per bank ‘ : I;er bank
Command (PRCCHARGH <05>( RerResn X DES X DEs/ )( e )( s X DES DES XACTIVATE IXACTIVATE 2XDS XDESX

D Don't Care

Notes: |. 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 absolute refresh interval is provided. A maximum of eight RE- FRESH
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 dependent on refresh rate. It is
described in the table below. In the case where eight REFRESH commands are postponed in
arow, the resulting maximum interval between the surrounding RE- FRESH 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 sur- rounding 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 post-
poned, additional REFRESH commands may be postponed to the extent that the total
number of postponed REFRESH commands (before and after self refresh) will never ex- ceed
eight. During self refresh mode, the number of postponed 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 tREFI.
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Table 109: 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
0l10b 2 x *REFI 8 9 x 2 x ‘REFI 16 1/8 of REFab
ollb I 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
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

Note:

I. Maximum number of REFab within MAX(2 x tREFI x refresh rate multiplier, 16 x tRFC).

Table 110: 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
00IB 4 x ‘REFI 2 3 x 4 x ‘REFI 4 1/8 of REFab
oioB 2 x *REFI 4 5 x 2 x tREFI 8 1/8 of REFab
olIB I x REFI 8 9 x tREFI 16 1/8 of REFab
100B 0.5 x *REFI 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 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:

I. For any thermal transition phase where refresh mode is transitioned to either 2 x tREFI or
4 x 'REFI, LPDDR4 devices will support the previous postponed refresh requirement
provided the number of postponed refreshes is monotonically 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 the number of pulled-in REFRESH commands as zero, regardless of the num-
ber of remaining pulled-in REFRESH commands in the previous thermal phase.

2. LPDDRA4 devices are refreshed properly if the memory controller issues REFRESH com-
mands with same or shorter refresh period than reported by MR4 OP[2:0]. If a shorter
refresh period is applied, the corresponding requirements from this table apply. For ex-
ample, when MR4 OP[2:0] = 001b, the controller can be in any refresh rate from 4 x
tREFI to 0.25 x ‘REFI. When MR4 OP[2:0] = 010b, the only prohibited refresh rate is 4 x

‘REFI.
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Figure 75: Postponing REFRESH Commands (Example)
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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: |. The per-bank REFRESH command can be issued after tRTP + tRPpb from READ command.
2. BL = 16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
3. Dourt n = data-out from column n.
4. In the case of BL = 32, delay time from read to per-bank precharge is 8nCK + ‘RTP.
5. DES commands are shown for ease of illustration; other commands may be valid at

these times.

127



P Y
XSeMiTrRON
Na?®

XS47A08GCDx Mobile-LPDDR4 / 4X

Figure 78: Burst READ With AUTO PRECHARGE Operation Followed by Per-Bank Refresh
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Notes: |. BL = 16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
2. Dourt 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 RE-

FRESH command at ‘REFI interval, the device requires a minimum of one extra RE-
FRESH command prior to the SELF REFRESH ENTRY command.

Table I 11: 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): ‘REFW 32 ms
(1 x Refresh)?
Required number of REFRESH R 8192 -
commands in ‘REFW window
Average refresh interval |REFab ‘REFI 3.904 Hs
(I x Refresh)® REFpb | ‘REFIpb 488 ns
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Table 111: Refresh Requirement Parameters (Continued)
Density (per channel)

Parameter Symbol | 2Gb | 3Gb | 4Gb | 6Gb | 8Gb | 12Gb | 16Gb | Unit
REFRESH cycle time (all banks) ‘RFCab 130 180 280 380 ns
REFRESH cycle time (per bank) ‘RFCpb 60 90 140 190 ns

Per bank refresh to per bank re- ‘PBR2PB 60 90 90 90 ns

fresh time (different bank) R

Notes: |. Refresh for each channel is independent of the other channel on the die, or other chan- nels

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 si-
multaneously.

2. Self refresh abort feature is available for higher density devices starting with 6Gb densi- ty
per channel device and *XSR_abort(MIN) is defined as tRFCpb + 17.5ns.

3. Refer to MR4 OP[2:0] for detailed refresh rate and its multipliers.

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, CA| LOW, CA2 LOW, CA3 HIGH, CA4 HIGH, and CAS5 valid
(valid meaning that it is at a logic level HIGH or LOW) for the first rising edge, and CS
LOW, CAO valid, CAI valid, CA2 valid, CA3 valid, CA4 valid, and CAS5 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.

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 set- ting.

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

For proper SELF REFRESH operation, power supply pins (Vobi, Vob2, and Vppg) must be at
valid levels. Vppg 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 En- try/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-I, and MRW-2 except
PASR bank/segment mask setting and SR abort setting are allowed until XXSR 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 | all-bank) is issued be- fore
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.
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Figure 79: Self Refresh Entry/Exit Timing
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ca {//XvatiavaiidX/ /0 ValidXValid){’//// 7 W !}’//-//XZalid)(ValidXVa;i‘//,////;"’ /)

" ]
“

tSR IXSR
Command @ ELF REFRESH @ DES X DES @ ZDB X DES XEELFREFRB**).( DBZ EFS X DES )énycommandx«nycommand)( DES X D >
Enter self refresh Exit self refresh

Don't Care

Notes: |. MRR-1, CAS-2, DES, SRX, MPC, MRW:-I, 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 parameters 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

TO T1I T2 T3 Ta0 Th0 Tbl TcO TdI Te0 Tf0 Tfl » TkO Tkl Tk2 Tk3
: CKCKEH | |
: : T IFN i) N 1 ” R ) i
KE 3 : (6 Ml {4 H I G (4
. : "CSCKE|'CKELCS i ‘CSCKEH |'CKEHCS |
- : EEE). D) 770 ] \ V74T 1 YRR} \
S : /\ (! {1 H I { Y L AL (L (]
: *esckel : | : |
: : ‘CMDCKE . : B | XP 1
7 = = V777 AV YT \T7 T 7777)'  } \ YZTINTT =\ /7777
cA (VflldXVa.lldXV?thVahd){-\L IR VAV VLI T /X valid){ valid ‘. )
: 3 : 'R . . :
. s Note 3 : : |
( X ){ DQ 777777 V7770 Y7 ) ) V777774 1] SELF RERBH
Command W AWCommand: ES ' V// 'IL‘, () {1 / ..‘ / ‘:‘:, "MQB':DFSX ‘ EXIT XDS)
Enter self refresh H i : i i i Exit se!f refresh

{ i
Don't Care

Notes: |. MRR-1, CAS-2, DES, SRX, MPC, MRW-I, 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 af- ter
tCKELCK 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 maxi- mum
specified frequency for the speed grade in use.

3. Two clock command for example.

Command Input Timing After Power-Down Exit

Command input timings after power-down exit during self refresh mode are shown be- low.
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Figure 81: Command Input Timings after Power-Down Exit During Self Refresh

TcO TkO Tkl Tk2 Tk3

| | ok |
: . % g i vy | vy Y ! |
: : T i) : ) AT 1))
HE : : Wi L \E Lo ? . L] A Pk
'CSCKE|‘CKELCS i 'CSCKEH|'CKEHCS |
s A | A T3y 7T Tl |
‘E E {1 & En[ { 1 / \ Y274 U | 4 { f'l
esce | i ‘
‘CMDCKE %P
cA <aldX lidX .Ianldyl A A \ AT I T | X valid) vaiid X . )
Valid A Valid A Valid X Vali ;! Al { ! { LA ! ... { ¢ Valid A Vali /
; : 'SR : : ;
Note 3 : _ . ‘ Note 3
EX \ 777 \ V77 7777 Woes ]
Command ( W X chommand)f ES .'u i f : f v/ { &, h D( DES | { DES X Any commandX DE} >
Enter self refresh E . ‘ |

D Don't Car;e

Notes: |. MRR-1, CAS-2, DES, SRX, MPC, MRW-I, 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
tCKELCK satisfied and during power-down, provided that upon exiting power-down, the
clock is stable and within specified limits for a minimum of tCKCKEH 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 tXXSR_abort instead of *XSR.

The value of XSR_abort(MIN) is defined as ‘RFCpb + 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 tXSR, ‘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.
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Figure 82: MRR, MRW, and MPC Commands Issuing Timing During tXSR

TO TI T2 T3 T4 T5 T6 T7 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Tab TbO Tbl Tb2 Tb3 Tb4 Tb5

e l
AL T DU A LA LA

CA <7 "/}{S/alid)@a

Wi N77 17 askaaiad 7777 X777 a7

Command (DES X  SRX

(Case 1)

Command <DESX SRX

(Case 2)

i Note 3
@( MRW-1 X MRW-2 X DES X DES @(Des Yooy command (7777777
‘MRD »| Note 3
Vot o N A2 ).@( MRW1 Y MR XDES‘W
SR Note 2 R
Don't Care

Notes: 1. MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is al-
lowed during tXSR period.
2. "Any command" includes MRR, MRW, and all MPC commands.

MRR, MRW, and MPC can be issued during ‘RFC period.
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Figure 83: MRR, MRW, and MPC Commands Issuing Timing During *RFC

10 Tl T2 T3 T4 T5 T6 T7 TaO Tal Ta2 Ta3 Ta4 Ta5 Ta6 TbO Tb] Tb2 Th3 Tb4 Tb5

s e
s NN LA T QU AN LA

MRE Note 3
Command (5B G560 s 3 S e
1
ase dars
Command @ REF all ba

»| Note3
Pt ke dod i X CAS-2 ).@X B ECE >....<Anycommand Y
ase

RFCab Note2

Don't Care
Notes: |I.

MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is al-
lowed during *RFCab or ‘RFCpb period.

REFRESH cycle time depends on REFRESH command. In the case of per bank REFRESH
command issued, REFRESH cycle time will be ‘tRFCpb.

"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

* Vrerca) range and value setting via MRW

* Vrer(pg) Fange 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 Ipp specification will not be ap- plied
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 RE- SET _n.
To ensure that there is enough time to account for internal delay on the CKE sig- nal path,
CS input is required stable LOW level and CA input level is "Don’t Care" after CKE is
driven LOW, this timing period is defined as *CKELCS. Clock input is required af- ter 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 tCKE(MIN) is satisfied.

Vbpe 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 RE-
FRESH 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 re-
fresh requirements outlined in the REFRESH command section.

The power-down state is asynchronously exited when CKE is driven HIGH. CKE HIGH
must be maintained 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 laten- cy
is defined in the AC timing parameter table.

Clock frequency change or clock stop is inhibited during ‘tCMDCKE, ‘CKELCK, ‘CKCKEH,
tXP, tMRWCKEL, 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 refer- red
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 con- tinuing
in the same way as self refresh mode.

When CA, CK, and/or CS ODT is enabled via MRI | 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 Vppq is stable and within its mini-
mum/maximum operating range.

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

T0 T1 Ta0 TbO Tbl Tc0 Tcl Td0O Te0 Tel TfO Tfl TgO ThO Thl Th2 Th3 Tk0 Tkl Tk2
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{CMDCKE | | 'CKELCK | CKCKEH | | | txp
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e is\Gass) (777 (77720 V77777

A\

Command ( Valid E @Q ::/ /, 27"//;/)7/////52//%\ \/-//,' /»// 2‘ ‘Z ///,/,? B@ — DES‘ E: EE ; Egzi //:
i | ‘ st | I TR ] ? i i 1 ? i [ i
@ Don't Care

Note: |. Input clock frequency can be changed or the input clock can be stopped or floated dur- ing
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.

T, V0 VP2, V20 Y aai 7, D)
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Figure 85: Read and Read with Auto Precharge to Power-Down Entry

TO T1 T2
CKC sl sl
CK_t

i )] )T B I — ')
'\ \ '\ '\ '\ '\ i .\ &
See Note 2 |

s NN\
o GERYGR)GERYERY/ VT 7//7////////// ) ///////////// T /////
Command ( READ-1 X CAS-2 X DES':’ fDEs X DES X DF_S DES X DES X DES XDES )/ :X DES )(7/ / /////‘ r/////

Ta0 Tal Ta2 Tb0 Thl Th2 Tb3 TcO Tcl T2 T3 Td Tdo Td]

' A
3 A
7 $and J

| RL n ? DQSCK ;
o ) A )
DQS_t { { ( ;I {{
DQ | I ! )
DM {4 { & A

" /| Don't care

Notes: |. 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 (MRI OP[7] =[0]),
(RL x *CK) + ‘DQSCK(MAX) + ((BL/2) x *CK) +
1*CK

When read postamble = 1.5nCK (MRI OP[7] =[1]),
(RL x tCK) + ‘DQSCK(MAX) + ((BL/2) % *CK) +
2tCK
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Figure 86: Write and Mask Write to Power-Down Entry

TO Ta2 Ta3 Ta4 TbO

CKc - . o . PRI I g

¥ /—} N 7 Gn £y -.»' \ /_:I ‘.'l e Fa
CK_t _} £ o L ; W7 A i ot i o I‘ :\__/ Sd

EXE ) ] 1] )] 1)
! ! I, I,
.\ . '\ '\ .\ \ .\ Ly

See Note 2
cs 1) B 1 )]
.' ! N ' ! { { {
L W ' N v 8\

e GGy Gas} 7/ /77777, T, T Ty,
N S CRE WY,

‘WPST

Command (M%?(%T‘HX CAS-2 XD

DQS2DQ  BL/2 WR

1o P . s
oI o] bi ] ) ) )
no/\nl/in 4\n15 (1 {{
| i i |
Don't Care

Notes: |. 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 tCK) + ‘DQSS(MAX) + ‘DQS2DQ(MAX) + ((BL/2) x *CK) + ‘WR
3. This timing is applied regardless of DQ ODT disable/enable setting: MR1 | OP[2:0].

4. This timing diagram only applies to the WRITE and MASK WRITE commands without au-
to 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 Ta4 Tb0 Tbl Th2 Tc0 Tcl T2 T3 Td  TdO

CKC =
5 | :1 : 1 ) :] g I :| ] i ) tl
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' See Note 2 | ' ' :

~
s

s /\
cA (aia)atia)aiaYeaia X7/ V77 /// 1 ///?,/// 7,
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g'//,:/ 1T,

WL | i

N % 5 ‘
! ) ) 1)
I' : v .' [
" B .
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\ N . | i % 1
) I i ) )
i { 7 {1
*+ k S 4 T

Don't Care

Notes: |. 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 tCK) + *DQSS(MAX) + *DQS2DQ(MAX) + ((BL/2) x *CK) + (nWR x tCK) + (2 x *CK)
3. This timing is applied regardless of DQ ODT disable/enable setting: MR1 1 OP[2:0].
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Figure 88: Refresh Entry to Power-Down Entry

T0 b9 Tbi10
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CK_t _/\‘-.....i i - X Yid X X o o Rt M b Mnd nd d ad %

CKE

es: I\ /] /!
o @B@B77) VNI, VT T

Command ( REFRESH XDES? 2DES )

A\ T

Don’t Care

Note: |. CKE must be held HIGH until tCMDCKE is satisfied.

Figure 89: ACTIVATE Command to Power-Down Entry
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CKe —J\l o ;
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Command (ACITIVATE-IXA(.‘TIVATEZX DES? ?DES %22222227//ﬁ2/{ y K/ : /// / / // / / ] ,/ i / ///]

Note: |. CKE must be held HIGH until tCMDCKE is satisfied.
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Figure 90: PRECHARGE Command to Power-Down Entry
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Figure 91: Mode Register Read to Power-Down Entry
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cA (V;IidXValidXValidXValid 7 // W .;'/ W, /’/f,‘ v,
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RL i lDQSCK
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DQS_t L4 { {{
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DQ 1) I RPRE  |£3\68\6d E )
DMI .: ! (! no/\a! 2 13 ub N

Don't Care

Notes: |. 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 sig-
nal is as follows:

When read postamble = 0.5nCK ( MRI OP[7] = [0]),
(RL x tCK) + ‘DQSCK(MAX) + ((BL/2) x *CK) +
I*CK

When read postamble = |.5nCK (MRI OP[7] =[I]),
(RL x *CK) + ‘DQSCK(MAX) + ((BL/2) x *CK) +
2tCK
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Figure 92: Mode Register Write to Power-Down Entry

Ta4 Tbl  Th2
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Command <MRWRITE-1XMRWRITE-2><DES{ ZDESXDESX(//// 7/ /7/ N///// ///// ’}/////// 1/ //// ,////
Don't Care

2
P

Notes: I. CKE mustbe held HIGH until tMRWCKEL is satisfied.

2. This timing 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 *MRWCKEL, that timing must be satis- fied 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.
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Figure 93: MULTI PURPOSE Command for ZQCAL Start to Power-Down Entry
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Command (gaochl sag)X DS, [0S W//////' / /////////////////////////////// T,
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B | ZQCAL
Don'tCare
Note: I. ZQ calibration continues if CKE goes LOW after tZQCKE 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 follow- ing
conditions:

tCK(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 fre-
quency

Related timing conditions, ‘RCD and ‘RP, have been met prior to changing the fre-

quency

The initial clock frequency must be maintained for a minimum of ‘CKELCK after CKE
goes LOW

The clock satisfies tCH(abs) and *CL(abs) for a minimum of ‘CKCKEH prior to CKE go- ing
HIGH

After the input clock frequency changes and CKE is held HIGH, additional MRW com- mands
may be required to set the WR, RL, and so forth. These settings may require ad- justment 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:

CK_t and 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

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 tCH(abs) and *CL(abs) for a minimum of ‘CKCKEH prior to CKE go- ing
HIGH

Clock Frequency Change — CKE HIGH

During CKE HIGH, the device supports input clock frequency change under the follow- ing
conditions:

tCK(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, tMRW, and *MRR) have been met prior to

changing the frequency
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* During clock frequency change, CS is held LOW
* The device is ready for normal operation after the clock satisfies ‘CH(abs) and
tCL(abs) for a minimum of 2 x *CK + tXP

After the input clock frequency is changed, additional MRW commands may be re- quired
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:

* CK_t is 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 CALIBRA-
TION), PRECHARGE, MODE REGISTERWRITE, or MODE REGISTER READ com-
mands 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, tMRW, *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, n\WR 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
tCH(abs) and tCL(abs) for a minimum of 2 x tCK + tXP
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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 con-
tents are available on the first four Ul data bits of DQ[7:0] after RL x *CK + *DQSCK +
*DQSQ following the MRR command. Subsequent data bits contain valid but undefined
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.

ul o | 1 [ 23| a5 | 6|78 9 0[] |[i4]Is
DQO OP0 \'%
DQI OPI A\
DQ2 OP2 \4
DQ3 OP3 A\
DQ4 OP4 \4
DQ5 OP5 A\
DQé6 OP6 \4
DQ7 OP7 A\
DQ8- v
DQI5
DMIO0- v
DMII
Notes: |. MRR data are extended to the first 4 Uls, allowing the LPDRAM controller to sample da- ta

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
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\ L |
DEEEREDE__
Don't Care

Notes: |. Only BL = 16 is supported.

2. Only DESELECT is allowed during *MRR period.

3. There are some exceptions about issuing commands after ‘tMRR. Refer to MRR/MRW
Timing Constraints Table for detail.

4. DBIis disable mode.

5. DES commands except ‘MRR period are shown for ease of illustration; other commands
may be valid at these times.

6. DQ/DQS: Vssq termination

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 a similar way WL + BL/2 + | + 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 inter- nal
data bus.
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Figure 95: READ-to-MRR Timing

T21
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I, RL=14 | pesck | BL/2=16 i
DQS_c Y
DQS_t ({
DQ7:0 /!
AN
DQ15:8 1)
DMI1:0 {
Notes: |. The minimum number of clock cycles from the burst READ command to the MRR com-

mand is BL/2.

2. Read BL =32, MRR BL = 16, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DBI = Disa-
ble, DQ/DQS: Vssq termination.

3. Dourt 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: I. Write BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Only DES is allowed during *MRR period.
3. Dourt n = data-out to column n.
4. The minimum number of clock cycles from the BURST WRITE command to MRR com-
mand is WL + BL/2 + | + RU(*WTR/*CK).
5. *'WTR starts at the rising edge of CK after the last latching edge of DQS.

6. DES commands except tMRR 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. DES commands except ‘MRR period are shown for ease of illustration; other commands may
be valid at these times.

MODE REGISTER WRITE

The MODE REGISTERWRITE (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 tMRW. Mode register WRITEs to read-only registers have no impact on the function-
ality of the device.

Figure 98: MODE REGISTER WRITE Timing
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Mode Register Write States

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 113: 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 | 14: MRR/MRW Timing Constraints: DQ ODT is Disable

Minimum Delay Between
From Command | To Command "From Command" and "To Command" Unit Notes
MRR MRR ‘MRR -
RD/RDA ‘tMRR -
WR/WRA/MWR/MWRA RL + RU(*DQSCK(MAX)/tCK) + BL/2 -WL + nCK
‘WPRE + RD(*RPST)
MRW RL + RU(*DQSCK(MAX)/tCK) + BL/2 + 3 nCK
RD/RDA MRR BL/2 nCK
WR/WRA/MWR/ WL + | + BL/2 + RU(*WTR/*CK) nCK
MWRA
MRW ‘MRD -
POWER-DOWN XP + *tMRRI -
EXIT
MRW RD/RDA tMRD -
WR/WRA/MWR/MWRA ‘MRD -
MRW ‘tMRW -
RD/ MRW RL + BL/2 + RU(*DQSCK(MAX)/*CK) + RD(*RPST) nCK
RD-FIFO/ + MAX(RU(7.5ns/*CK), 8nCK)
READ DQ
CAL
RD with RL + BL/2 + RU(*DQSCK(MAX)/*CK) + RD(*RPST) nCK
AUTO + MAX(RU(7.5ns/*CK), 8nCK) + nRTP - 8
PRECHARGE
WR/ WL + | + BL/2 + MAX(RU(7.5ns/*CK), 8nCK) nCK
MWR/
WR-
FIFO
WR/MWR with WL + | + BL/2 + MAX(RU(7.5ns/*CK), 8nCK) + nCK
AUTO PRE- nWR
CHARGE
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Table 1 15: MRR/MRW Timing Constraints: DQ ODT is Enable
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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)/*CK) + BL/2 - ODTLon - nCK
RD(*ODTon(MIN)/tCK) + RD(*RPST) + |
MRW RL + RU(*DQSCK(MAX)/*CK) + BL/2 + 3 nCK
RD/RDA MRR BL/2 nCK
WR/WRA/MWR/ WL + | + BL/2 + RU(*WTR/*CK) nCK
MWRA
MRW ‘MRD -
POWER-DOWN XP + *tMRRI -
EXIT
MRW RD/RDA ‘MRD -
WR/WRA/MWR/MWRA ‘MRD -
MRW ‘tMRW -
RD/ MRW RL + BL/2 + RU(*DQSCK(MAX)/CK) + RD(*RPST) | nCK
RD-FIFO/ + MAX(RU(7.5ns/*CK), 8nCK)
READ DQ
CAL
RD with RL + BL/2 + RU("DQSCK(MAX)/CK) + RD(*RPST) | nCK
AUTO + MAX(RU(7.5ns/*CK), 8nCK) + nRTP - 8
PRECHARGE
WR/ WL + | + BL/2 + MAX(RU(7.5ns/*CK), 8nCK) nCK
MWR/
WR-
FIFO
WR/MWR with WL + | + BL/2 + MAX(RU(7.5ns/*CK), 8nCK) + nCK
AUTO PRE- nWR
CHARGE

Vrer Current Generator (VRCG)

LPDDR4 SDRAM Vg current generators (VRCG) incorporate a high current mode to
reduce the settling time of the internal Vger(pg) and Vger(ca) levels during training and when
changing frequency set points during operation. The high current mode is ena- bled by
setting MRI3[OP3] = |. Only DESELECT 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 high current mode is disabled by setting MRI3[OP3] = 0. Only DESELECT com-

mands may be issued until fVRCG_DISABLE is satisfied. 'VRCG_DISABLE timing is shown
below.

Figure 100: VRCG Disable Timing
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Command ( Ds X vaid X'ng { DEs X VRCG disable 13 (0F3 0 X DES .‘ l’DEQ( valid X pes X oes )
- 'VRCG.DISABLE.

Note that LPDDR4 SDRAM devices support Veercay and Vgerpg) range and value
changes without enabling VRCG high current mode.

Table 116: VRCG Enable/Disable Timing

Parameter Symbol Min Max Unit
VRer high current mode enable time ‘VRCG_ENABLE - 200 ns
VRer high current mode disable time ‘YRCG_DISABLE - 100 ns
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Vrer Training

VREF(CA) Tr'aining

"

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

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

Figure 101: Vrer Operating Range (VRer,max, VREF,min)
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The Ve step size is defined as the step size between adjacent steps. However, for a giv- en
design, the device has one value for Vger step size that falls within the given range.

The Vger set tolerance is the variation in the Vger voltage from the ideal setting. This ac-
counts for accumulated error over multiple steps. There are two ranges for Vger set tol-
erance uncertainty. The range of Vrer set tolerance uncertainty is a function of the
number of steps n.

The Vger 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 Vge values for a specified range.
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Figure 102: Vger Set-Point Tolerance and Step Size
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The Vger increment/decrement step times are defined by *Vger TIME-SHORT,
*Vrer_ TIME-MIDDLE, and *Vger_ TIME-LONG. The parameters are defined from TS to
TE as shown below, where TE is referenced to when the Vger voltage is at the final DC
level within the Vgee valid tolerance (Vger val_tor)-

The Vger valid level is defined by Vgerva o 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 Vger increment/decrement adjustment. This parameter is only
applicable for LPDDR4 component level validation/characterization.

Vrer TIME-SHORT is for a single step size increment/decrement change in the Vger
voltage.

Vrer_TIME-MIDDLE is at least two stepsizes increment/decrement change within the
same Vger(ca) range in Vger voltage.

thEF_TIME-LONG is the time including up to VREF,min to VREF,max or VREF,max to VREF,min
change across the Vrerca) range in Vger voltage. TS

is referenced to MRW command clock.

TE is referenced to VRer val tol
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Figure 103: tV, for Short, Middle, and Long Timing Diagram
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The MRW command to the mode register bits are as follows;

MRI12 OP[5:0] : Vrerca) Setting

MRI12 OP[6] : Vger(ca) Range

The minimum time required between two Vger MRW commands is Verer TIME-SHORT
for a single step and *Vrer_ TIME-MIDDLE for a full voltage range step.

Figure 104: Vgrer(ca) Single-Step Increment
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Figure 105: Vgerca) Single-Step Decrement
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Figure 106: VREF(CA) Full step from VReg,min t0 VREF,max
VREF VREF‘maX ................................................... VREF(DC)
voltage
9 VREF_val_tol
Full range t1
step
VREF.min
Time
Figure 107: VREF(CA) Full Step from VREF,max to VREF,min
VREF VREF,max
voltage
Full range
step tl
VREF_vaI_toI
VREF, min VREFDO)
Time

The following table contains the CA internal Vger specification that will be character- ized
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at the component level for compliance. u
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Table 117: Internal Vgerca) Specifications
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Symbol Parameter Min Typ Max Unit Notes
VREF(CA),max_r0 VREF(cA) range-0 MAX - - 44.9% Vbbo I, 11
operat- ing point
vREF(CA),minJ'O vREF(CA) r'ange-o MIN 15.0% - - VDDQ I, 11
operat- ing point
VREF(CA),max_rl VREeF(ca) range-1 MAX - - 62.9% Vbbo I, 11
operat- ing point
vREF(CA),minJl vREF(CA) r'ange-l MIN 32.9% - - VDDQ I, 11
operat- ing point
VREF(CA),step VREF(CA) step size 0.50% 0.60% 0.70% Vbbo 2
VREE(CA),set_tol VREF(cA) set tolerance -1 0 11 mV 3,4,6
-1 0 1.1 mV 3,5,7
*Vrer_TIME- | VREF(cA) step time - - 100 ns 8
SHORT
“Vrer_TIME- - - 200 ns 12
MIDDLE
*Vrer_TIME-LONG - - 250 ns 9
VREF_time_weak - - I ms 13, 14
VREF(CA)_val._tol VReF(ca) valid tolerance -0.10% 0.00% 0.10% Vbbo 10

Notes: |I.

VRrerca) DC voltage referenced to Vobo(pc).

2. VREer(ca) step size increment/decrement range. Vrerca) at DC level.

3. VREF(CA),new = VREF(CA),old + N X VREF(CA),step; h = number of steps; ifincrement,

11.
12.

13.
14.

use "+"; fdecrement, use

. The minimum value of VREF(cA) setting tolerance = VREF(cA),new - | ImV. The maximum

val- ue of VREF(cA) setting tolerance = VRer(cA),new + | ImV. For n > 4.

The minimum value of Vrer(ca) setting tolerance = VRercA)new - |.ImV. The
maximum value of VRer(ca) setting tolerance = VRer(cA),new + |.ImV.Forn< 4.
Measured by recording the minimum and maximum values of the Vrer(ca) output over
the range, drawing a straight line between those points and comparing all other

VREF(CA) output settings to that line.

Measured by recording the minimum and maximum values of the VRrRer(ca) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar- ing

all other VReF(ca) output settings to that line.

Time from MRW command to increment or decrement one step size for VRer(ca) .

Time from MRW command to increment or decrement VREF,min t0 VREF,max OF
VREF,max to VREF,min change across the VRer(ca) range in VRer voltage.

. Only applicable for DRAM component level test/characterization purposes. Not applica- ble

for normal mode of operation. Vrer valid is to qualify the step times which will be

characterized at the component level.
DRAM range-0 or range-1 set by MR12 OP[6].

Time from MRW command to increment or decrement more than one step size up to a

full range of VRer voltage within the same VRrer(ca) range.

Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = Ob.
tVRer_time_weak covers all VRer(ca) range and value change conditions are applied to

*Vrer_TIME-SHORT/MIDDLE/LONG.

160



XS47A08GCDx

Mobile-LPDDR4 / 4X XSeMiTRON

VRrerpq) Training

"

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

The voltage operating range specifies the minimum required Vger setting range for
LPDDR4 devices. The minimum range is defined by Vrer,max and VRger,min.
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Figure 108: Vrer Operating Range (VReF,max, VREF,min) L /
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The Vger step size is defined as the step size between adjacent steps. However, for a giv- en
design, the device has one value for Vger step size that falls within the given range.

The Vger set tolerance is the variation in the Vger voltage from the ideal setting. This ac-
counts for accumulated error over multiple steps. There are two ranges for Vger set tol-

erance uncertainty. The range of Vrer set tolerance uncertainty is a function of the
number of steps n.

The Vger 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 Vg values for a specified range.
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Figure 109: Vrer Set Tolerance and Step Size \ o
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The Vger increment/decrement step times are defined by *Vger_ TIME-SHORT,

Ve TIME-MIDDLE and *Vger TIME-LONG. The *Vger TIME-SHORT, *Vger_TIME-
MIDDLE and *Vger_TIME-LONG times are defined from TS to TE in the following figure
where TE is referenced to when the Vger voltage is at the final DC level within the Vgrer
valid tolerance (VREF,VALfTOL)-

The Vger valid level is defined by Vrer vaL oL 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 Vger increment/decrement adjustment. This parameter is only
applicable for DRAM component level validation/characterization.

Vrer TIME-SHORT is for a single step size increment/decrement change in the Vgee
voltage.

Vrer. TIME-MIDDLE is at least two step sizes of increment/decrement change in the
Vrerpg) range in the Vgervoltage.

tVrer_TIME-LONG is the time including and up to the full range of Vrer (MIN to MAX or
MAX to MIN) across the Vgerpg) Fange in Vrer voltage.
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Figure 110: Vger(pg) Transition Time for Short, Middle, or Long Changes
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Notes: |. TS is referenced to MRW command clock.
2. TE is referenced to VRer,vAL TOL.

The MRW command to the mode register bits are defined as:
MR14 OP[5:0]: Vrerpg) setting
MRI14 0P[6]: VREF(DQ) range

The minimum time required between two Vgeg MRW commands is Verer TIME-SHORT
for a single step and *Vrer_ TIME-MIDDLE for a full voltage range step.

Figure 11 1: Vgrerpq) Single-Step Size Increment
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Figure 1 12: Vrer(pq) Single-Step Size Decrement
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Figure 113: Vgrerpg) Full Step from VRger,min t0 VReF,max
TR — — VRerDO
voltage
g VREF_val_tol
Full range tl
step
VREF,min
Time
Figure |14: Vgrerpo) Full Step from VRrer,max t0 VREF,min
voltage
Full range
step t
VREF_vaI_toI
Vit vt = — VReF(DO)
Time

The following table contains the DQ internal Vger specification that will be character- ized

at the component level for compliance.
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Symbol Parameter Min Typ Max Unit Notes
VREF(DQ),max_r0 VRrer MAX operating - - 44.9% Vbbo I, 11
point Range-0
vREF(DQ),minJO VRrer MIN Operating 15.0% - - VDDQ I, 11
point Range-0
VREF(DQ),max_rl VRrer MAX operating - - 62.9% Vbbo I, 11
point Range-|
vREF(DQ),miﬂJ‘l Vrer MIN operating 32.9% - - VDDQ I, 11
point Range-1
VREF(DQ),step vREF(DQ) step size 0.50% 0.60% 0.70% VDDQ 2
VREF(DQ),set_tol VREF(DQ) set tolerance -1 0 11 mV 3,4,6
-1 0 1.1 mV 3,57
*Vrer_TIME- | VREF(DQ) step time - - 100 ns 8
SHORT
*“Vrer_TIME- - - 200 ns 12
MIDDLE
*Vrer_TIME-LONG - - 250 ns 9
VREF_time_weak - - I ms 13, 14
VREF(DQ),val_tol VREr(DQ) valid tolerance -0.10% 0.00% 0.10% Vbbo 10

Notes: |. VrReripQ) DC voltage referenced to Vbbo(pc).

2. VRer(pQ) step size increment/decrement range. Vrer(pQ) at DC level.

3. VREF(DQ),new = VREF(DQ),old + N X VREF(DQ),step; N = number of steps; ifincrement,
use "+"; fdecrement, use "-".

4. The minimum value of VrRer(bQ) setting tolerance = VRer(bQ),new - | ImV. The
maximum value of VREF(DQ) setting tolerance = VREF(DQ),new + | ImV. For n > 4.

5. The minimum value of Vrer(pg)setting tolerance = VRer(DQ),new - |.ImV. The
maximum value of VRer(pQ) setting tolerance = VRer(DQ),new + |.ImV.Forn < 4.

6. Measured by recording the minimum and maximum values of the VRer(pQ) output over
the range, drawing a straight line between those points and comparing all other
VREF(DQ) output settings to that line.

7. Measured by recording the minimum and maximum values of the VRrer(pQ) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar- ing
all other VREF(DQ) output settings to that line.

8. Time from MRW command to increment or decrement one step size for VREF(DQ)

9. Time from MRW command to increment or decrement VREF,min t0 VREF,max OF
VREF,max to VREF,min change across the Vrer(b@) Range in VrRer(b@) Voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica- ble
for normal mode of operation. Vrer 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 VRer voltage within the same VRrer(pQ) range.

13. Applies when VRCG high current mode is not enabled, specified by MRI3 [OP3] = 0.

14. *VREF_time_weak covers all VRer(p@) Range and Value change conditions are applied to
*Vrer_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 op-
eration. The device provides an internal Vger(ca) that defaults to a level suitable for un-
terminated, low-frequency operation, but the Vrer(cay must be trained to achieve suita- ble
receiver voltage margin for terminated, high-frequency operation.

The training mode described here centers the internal Vger(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 com- mands to
enter, train, and exit the CA bus training mode.

The die has abond-pad (ODT_CA) but ODT_CA pin is ignored by LPDDR4X devices. CA
ODT is fully controlled through MR1 | and MR22. See On-Die Termination for more in-
formation.

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] = Ib (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 train- ing exit, the
device will automatically switch back to FSP-OP[0], returning to a "known- good" state for
unterminated, low-frequency operation.

To enter command bus training mode, issue a MRW-1 command followed by a MRW-2 command
to set MRI13 OP[0] = Ib (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 fol-
lowed 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 Vger(ca) level.

* DQ[6] becomes an input pin for setting Vgrer(ca) 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 us- ing
the CS signal.

* DQS_t[I], DQS_c[1], DMI[I], 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 Vrer(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
Vrerca) setting is required before proceeding to the next training step.
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Table 119: Mapping MRI2 Op Code and DQ Numbers

Mapping
MRI12 OP code OP6 OP5 OP4 OP3 OP2 OPI OPO
DQ number DQé6 DQ5 DQ4 DQ3 DQ2 DQI DQO

The new Vrer(ca) value must "settle" for time ‘VREFCA_Long before attempting to latch
CA information.

Note: If DQ ODT is enabled in MRI 1-OP[2:0], then the SDRAM will terminate the DQ
lanes during command bus training when entering Vger(ca) range and values on

DQI6:0].

To verify that the receiver has the correct Vrer(ca) 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 tMRW, 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 MRI3 OP[6] = Ib to enable writing to frequency set point | (FSP-WR[1]) (or
FSP-OP[0]).

2. Write FSP-WR[I] (or FSP-WR[0]) registers for all channels to set up high-frequency
operating parameters.

3. Issue MRW-1 and MRW-2 commands to enter command bus training mode.

4. Drive CKE LOW, and change CK frequency to the high-frequency
operating point.

5. Perform command bus training (Vrerca), CS, and CA).

6. 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-I and
MRW-2 commands to the SDRAM and setting all applicable mode register param-
eters.

8. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[I] (or
FSP-OP[0]), to turn on termination, and change CK frequency to the high-fre-
quency operating point. At this point the command bus is trained and you
may proceed to other training or normal operation.
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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.

2.

10.

11.

12.

13.

14.

15.

Set MRI3 OP[6] = Ib to enable writing to frequency set point | (FSP-WR[I]) (or
FSP-WR[0]).

Write FSP-WR[ 1] (or FSP-WR[0]) registers for all channels and ranks to set up
high-frequency operating parameters.

Read MRO OP[7] on all channels and ranks to determine which die are terminat- ing,
signified by MRO OP[7] = Ib.

Issue MRW-I| and MRW-2 commands to enter command bus training mode on

the terminating rank.

Drive CKE LOW on the terminating rank (or all ranks), and change CK frequency

to the high-frequency operating point.

Perform command bus training on the terminating rank (Vgerca), CS, and CA).
Exit training by driving CKE HIGH, change CK frequency to the low-frequency
operating point, and issue MRW-| and MRW-2 commands to write the trained
values to FSP-WR[ 1] (or FSP-WR[0]). When CKE is driven HIGH, the SDRAM will
automatically switch back to the FSP-OP registers that were in use prior to train- ing
(trained values are not retained by the device).

Issue MRW-1 and MRW-2 commands to enter training mode on the non-termi-
nating rank (but keep CKE HIGH).

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-fre-
quency operating point.

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]).

Perform command bus training on the non-terminating rank (Vgerca), CS,

and CA).

Issue MRW-1 and MRW-2 commands to switch the terminating rank to

FSP- OP[0] (or FSP-OP[I1]) to turn off termination.

Exit training by driving CKE HIGH on the non-terminating rank, change CK fre-
quency to the low-frequency operating point, and issue MRW-1 and MRW-2 com-
mands. 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).

Write the trained values to FSP-WR[ 1] (or FSP-WR[0]) by issuing MRW-I and
MRW-2 commands and setting all applicable mode register parameters.

Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[I1] (or
FSP-OP[0]), to turn on termination, and change CK frequency to the high-fre-
quency operating point. At this point the command bus is trained for both ranks
and the user may proceed to other training or normal operation.

169



‘ \ ™

XS47A08GCDx Mobile-LPDDR4 / 4X XEMimON
"

Relation Between CA Input Pin and DQ Output Pin

Table 120: Mapping CA Input Pin and DQ Output Pin

Mapping
CA number CAS CA4 CA3 CA2 CAl CA0
DQ number DQI3 DQI2 DQIll DQIO0 DQ9 DQs8

Figure 115: Command Bus Training Mode Entry — CA Training Pattern I/O with Vgerca) Value Update
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Notes: 1. After tCKELCK, 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 ‘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 un-
stable first rising edge. Therefore, 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 Vrer(ca) setting of MR12 after time
tVREFCA_Long.

5. 'YREFCA_Long may be reduced to *'VREFCA_Short if the following conditions are met: |)
The new VRer setting is a single step above or below the old Vrer setting; 2) The DQS
pulses a single time, or the new VRger setting value on DQ[6:0] 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 writ-
ten 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 opera-
tion to the alternate FSP, that is, the inverse of the FSP programmed in the FSP-OP mode
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Figure 116: Consecutive Vgercay Value Update
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I.
2. The input clock condition should be satisfied ‘CKPRECS and ‘CKPSTCS.

3. Continue to drive CK, and hold CA and CS LOW, until ‘CKELCK after CKE is LOW
(which disables command decoding).

¢ l‘ Mode register X (Y)

i {1 :
After tCKELCK, the clock can be stopped or the frequency changed any time.

The device may or may not capture the first rising edge of DQS_t/DQS_c due to an un-
stable first rising edge. Therefore, 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 VRer(ca) setting of MR12 after time
‘VREFCA_Long.

. 'VREFCA_Long may be reduced to ‘VREFCA_Short if the following conditions are met: )

The new VRer setting is a single step above or below the old Vrer setting; 2) The DQS
pulses a single time, or the new Vger setting value on DQ[6:0] is static and meets

DS, train/ ‘DH,train for every DQS pulse applied.

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 writ-
ten 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.

. When CKE is driven LOW in command bus training mode, the device will change opera-

tion 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: |. The clock can be stopped or the frequency changed any time before tCKCKEH. 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.

2. 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,
MRI13-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 regis-
ter set before returning to operation at the trained frequency. For example, Vrer(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.
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Figure 118: Command Bus Training Mode Exit with Power-Down Entry
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Notes: |. The clock can be stopped or the frequency changed any time before tCKCKEH. 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.

2. 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,
MRI13-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 regis-
ter set before returning to operation at the trained frequency. For example, Vrer(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.
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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,
tDSS, and ‘DSH. The memory controller uses the write leveling feature to receive feed-
back 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 re- lationship 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 entryl/exit is independent 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 specifications. 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 aftera
delay of ‘WLDQSEN.

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 unsta- ble
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 asynchro- nous
feedback on all DQ bits after time tWLO.

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.

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.

o
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Figure 119: Write Leveling Timing - ‘DQSL(MAX)
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Note: |. 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: |. 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 an-
other 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: |. CK_tis held LOW and CK_c is held HIGH during clock stop.
2. CS will be held LOW during clock stop.
Table 121: Write Leveling Timing Parameters
Parameter Symbol Min/Max Value Units
DQS_t/DQS_c delay after write leveling mode is ‘WLDQSEN MIN 20 tCK
programmed MAX _
Write preamble for write leveling ‘WLWPRE MIN 20 tCK
MAX -
First DQS_t/DQS_c edge after write leveling ‘WLMRD MIN 40 t‘CK
mode is programmed MAX _
Write leveling output delay WL MIN 0 ns
o 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 122: Write Leveling Setup and Hold Timing
Data Rate
Parameter Symbol Min/Max 1600 2400 3200 3733 4267 Unit
Write leveling hold time WL MIN 150 100 75 62.5 50 ps
H
Write leveling setup time tWL MIN 150 100 75 62.5 50 ps
S
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Table 122: Write Leveling Setup and Hold Timing (Continued)

Data Rate
Parameter Symbol Min/Max 1600 2400 3200 3733 4267 Unit
Write leveling input valid ‘WLIVW MIN 240 160 120 105 90 ps
window
Notes: |. In addition to the traditional setup and hold time specifications, there is value in an in- valid

window-based specification 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 inva-
lid window with respect to CK. This would need to account for all voltage and tempera-

ture (VT) drift terms between CK and DQS within the device that affect the write level-
ing 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.c

CK_t

DQ_diff =

DQS_t-DQS_c PR—
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MULTIPURPOSE Operation

The device uses the MULTIPURPOSE command to issue a NO OPERATION (NOP) com-
mand 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 Com- mand
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] = I, the device further decodes one of several training
commands.

When OP[6] = | and the training command includes a READ or WRITE operation, the
MPC command must be followed immediately by a CAS-2 command. For training com-
mands 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

o ZQCAL START (ZQ CALIBRATION START)

* ZQCAL LATCH (ZQ CALIBRATION LATCH)

Table 123: MPC Command Definition

SDR Command Pins SDR CA Pins
CKE
CK_t CK_t
SDR Command | (n-1) |CK_t(n) cs CA0 CAl CA2 CA3 CA4 CA5 Edge Notes

MPC H H H L L L L L OPé6 _ 1,2
(Train, L 3 PI P2 P P4 P
NOP) OPO o (o) OP3 (o) OP5 M

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.
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Table 124: MPC Commands

N

Function Operand

Data

Training Modes OP[6:0]

OXXXXXXb: NOP

1000001b: READ-FIFO: READ-FIFO supports only BL16 operation
100001 1b: READ DQ CALIBRATION (MR32/MR40)

1000101b: RFU

10001 I Ib: WRITE-FIFO: WRITE-FIFO supports only BL16 operation
1001001b: RFU

100101 1b: START DQS OSCILLATOR

1001101b: STOP DQS OSCILLATOR

1001111b: ZQCAL START

1010001b: ZQCAL LATCH

All Others: Reserved

Figure 123:

Notes: |. 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 com-
mand 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 MRI OP[1:0].

WRITE-FIFO - *WPRE = 2nCK, *WPST = 0.5nCK

D AL ey TarY TN 1 N i A e
"“L’__‘(i"_"_""'v(__u 14 J_/v-mx et )y Vero '-Ht_'__!k_xm-x»mhwy\\ml A { VLS Ay iy,
Command lf:h;r;l-::‘“:)(':—_ub_-'_ 5 [ pe ’l‘C_I_J ) [ﬁ.y‘:ﬁ ;.-_: ".-kiL "[‘““-"0 ( T ol ) 5 ves | Joes Yo Y os {fn Y s {n ¥ oo ) 08 '..'
L1 u—— e hA |
B e J of o st o went J ST
QS < N 238 3} 3} s X
DOS.t i d \ { i) C [/, L A 3’ \/
DS T T T 1 Y =) I A B e e P
DM 0] 1. X [ A4
l_.z Dan't Care
Notes: |. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during refresh or during self

refresh, with CKE HIGH.

Write-1 to MPC is shown as an example of command-to-command timing for MPC. Tim- ing from Write-1 to
MPC[WRITE-FIFO] is ‘WRWTR.

Seamless MPC[WRITE-FIFO] commands may be executed by repeating the command ev- ery tCCD time.

MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL, ‘DQSS, tDQS2DQ) as a
WRITE-I command.

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.

For the CAS-2 command following an MPC command, the CAS-2 operands must be driv- en LOW.

To avoid 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.
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Figure 124: READ-FIFO - *‘WPRE = 2nCK, *‘WPST = 0.5nCK, ‘RPRE = Toggling, *RPST = 1.5nCK
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Notes: |. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during

refresh or during self refresh with CKE HIGH.

Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev-

ery 'CCD time.

3. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) as a
READ-| 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
con- tinue 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.

5. 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 regis-
ters. See Write Training for more information on DMI behavior.

N
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Figure 125: READ-FIFO - ‘RPRE = Toggling, ‘(RPST = 1.5nCK
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Notes: |. 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-I operation is shown as an example of command-to-com-
mand 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 ev-
ery 'CCD time.

4. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) 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
con- tinue advancing. If fewer than five MPC[WRITE-FIFO] 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 regis-
ters. See Write Training for more information on DMI behavior.

Table 125: Timing Constraints for Training Commands

Previous Com-
mand Next Command Minimum Delay Unit Notes
WR/MWR MPC[WRITE-FIFO] ‘WRWTR nCK |
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ WL + RU('DQSS(MAX)/'CK) +| nCK
CALIBRATION] BL/2 + RU*WTR/*CK)
RD/MRR MPC[WRITE-FIFO] ‘RTRRD nCK 3
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ ‘RTRRD nCK 3
CALIBRATION]
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Table 125: Timing Constraints for Training Commands (Continued)

XS’-EMiTRON
N

Previous Com-
mand Next Command Minimum Delay Unit Notes
MPC[WRITE-FIFO] WR/MWR Not allowed - 2
MPC[WRITE-FIFO] tCCD nCK
RD/MRR Not allowed - 2
MPC[READ-FIFO] WL + RU(*DQSS(MAX)/*CK) +| nCK
BL/2 + RU(*WTR/*CK)
MPC[READ DQ Not allowed - 2
CALIBRATION]
MPC[READ-FIFO] WR/MWR ‘RTRRD nCK 3
MPC[WRITE-FIFO] ‘RTW nCK 4
RD/MRR ‘RTRRD nCK 3
MPC[READ-FIFO] tCCD nCK
MPC[READ DQ ‘RTRRD nCK 3
CALIBRATION]

MPC[READ DQ WR/MWR ‘RTRRD nCK 3
CALI- MPC[WRITE-FIFO] tRTRRD nCK 3
BRATION] RD/MRR ‘RTRRD nCK 3

MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ tCCD nCK
CALIBRATION]

Notes:

I. ‘WRWTR = WL + BL/2 + RU(*DQSS(MAX)/tCK) + MAX(RU(7.5ns/¢CK), 8nCK).
2.

No commands are allowed between MPC[WRITE-FIFO] and MPC[READ-FIFO] except
the MRW commands related to training parameters.

tRTRRD = RL + RU(*DQSCK(MAX)/tCK) + BL/2 + RD(*RPST) + MAX(RU(7.5ns/*CK), 8nCK).
4. In case of DQ ODT disable MRI | OP[2:0] = 000b,

RTW =RL + RU(‘DQSCK(MAX)/CK) + BL/2 - WL + *‘WPRE + RD(‘RPST).
In case of DQ ODT enable MRI11 OP[2:0] = 000b,
tRTW = RL + RU(*DQSCK(MAX)/*CK) + BL/2 + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/*CK)

+1.
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Read DQ Calibration Training

The READ DQ CALIBRATION TRAINING function outputs a |6-bit, user-defined pat-
tern on the DQ pins. Read DQ calibration is initiated by issuing a MPC[READ DQ CALI-
BRATION] 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), MRI5
(eight-bit invert mask for byte 0), and MR20 (eight-bit invert mask for byte I).
In the alternative, this step could be replaced with the default pattern:

¢ MR32 default = 5Ah
¢ MR40 default = 3Ch
* MRI5 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/O pins after the currently-set RL.

* The data pattern will be inverted for I/O pins with a | programmed in the corre-
sponding 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 DBI is enabled in the mode register.

* The MPC command can be issued every tCCD 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 126: Invert Mask Assignments

DQ pin 0 | 2 3 DMIO 4 5 6 1
MRI5 bit 0 | 2 3 N/A 4 5 6 7
DQ pin 8 9 10 11 DMiII 12 13 14 15
MR20 bit 0 | 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: |. Read-l to MPC operation is shown as an example of command-to-command timing. Tim- ing from Read-1 to
MPC command is *tRTRRD.

2. MPC uses the same command-to-data timing relationship (RL, ‘DQSCK, ‘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.
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Figure 127: Read DQ Calibration Training Timing: Read DQ Calibration to Read DQ Calibration/Read
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Notes: |. 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-I operation is shown as an example of
com- mand-to-command timing.
3. MPC[READ DQ CALIBRATION] uses the same command-to-data timing relationship (RL,
tDQSCK, ‘DQSQ) as a READ-| command.
4. Seamless MPC[READ DQ CALIBRATION] commands may be executed by repeating
the command every *CCD time.
5. Timing from MPC[READ DQ CALIBRATION] command to READ-I is ‘RTRRD.
6. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.
7. DES commands are shown for ease of illustration; other commands may be valid at

these times.
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Read DQ Calibration Training Example

An example of read DQ calibration training output is shown in table below. This shows the
1 6-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=ICH
* MR40 =59H
* MRI5=55H
* MR20 =55H

Table 127: Read DQ Calibration Bit Ordering and Inversion Example

Bit Sequence —
Pin Invert | 15 14 13 12 | 10 9 8 7 6 5 4 3 2 1 0
DQO Yes I 0 | 0 0 I I 0 I I | 0 0 0 I |
DQI No 0 I 0 | I 0 0 I 0 0 0 I | I 0 0
DQ2 Yes | 0 | 0 0 | I 0 | | | 0 0 0 | |
DQ3 No 0 I 0 | I 0 0 I 0 0 0 I | I 0 0
DMIO | Never 0 | 0 | I 0 0 | 0 0 0 | | | 0 0
DQ4 Yes I 0 I 0 0 | I 0 I I I 0 0 0 | I
DQ5 No 0 | 0 I I 0 0 | 0 0 0 | I | 0 0
DQé6 Yes I 0 I 0 0 | I 0 I I I 0 0 0 | I
DQ7 No 0 | 0 I I 0 0 | 0 0 0 | I | 0 0
DQs8 Yes I 0 I 0 0 | I 0 I I I 0 0 0 | I
DQ9 No 0 | 0 I I 0 0 | 0 0 0 | I | 0 0
DQIO | Yes | 0 I 0 0 | I 0 I I | 0 0 0 | I
DQII No 0 | 0 I I 0 0 | 0 0 0 | I I 0 0
DMII | Never | 0 I 0 | I 0 0 | 0 0 0 | | I 0 0
DQI2 Yes | 0 | 0 0 | I 0 | | | 0 0 0 | |
DQI3 No 0 I 0 | I 0 0 | 0 0 0 | | I 0 0
DQI4 Yes | 0 | 0 0 | I 0 | | | 0 0 0 | |
DQI5 No 0 I 0 | I 0 0 | 0 0 0 | | I 0 0
Notes: |. 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, organized little endian such that the low-
order bitin a byte is transmitted first. If the data pattern is 27H, then the first bit trans-
mitted with be a |, followed by I, 1, 0, 0, I, 0, and 0. The bit stream will be 00100111 —.

2. MRI5 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins. See
MRI15 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 DBI is
enabled in MR3-OP[6].
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Table 128: MR Setting vs. DMI Status

DM Function WRITE DBIdc Function READ DBIdc Function Status
MRI13 OP[5] MR3 OP[7] MR3 OP[6] DMI

|: Disable 0: Disable 0: Disable High-Z
|: Disable I: Enable 0: Disable The data pattern is transmitted
|: Disable 0: Disable I: Enable The data pattern is transmitted
|: Disable I: Enable I: Enable The data pattern is transmitted
0: Enable 0: Disable 0: Disable The data pattern is transmitted
0: Enable I: Enable 0: Disable The data pattern is transmitted
0: Enable 0: Disable I: Enable The data pattern is transmitted
0: Enable I: Enable I: Enable The data pattern is transmitted

MPC[READ DQ CALIBRATION] After Power-Down Exit

Following the power-down state, an additional time, ‘tMRRI, 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 allow- ing 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
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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
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DQ bus when DQS reaches the latch, and training is accomplished 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

* An internal DQS clock-tree oscillator, which determines the need for, and the magni-
tude of, required training

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 com-
mands 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 aWRITE-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" da- ta
to determine whether further training (DQ delay) is needed. MPC[READ-FIFO] is ini-
tiated by issuing an MPC command, as described in the MPC Operation section, fol- lowed
immediately by a CAS-2 command (CAS-2 operands must be driven LOW). Tim- ings 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 con-
tinuously 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[ I]....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 com-
mands 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[O0].

The READ-FIFO pointer and WRITE-FIFO pointer are reset under the following condi-
tions:

* Power-up initialization

¢ RESET _n asserted

* Power-down entry

* Self refresh power-down entry
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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. Issu- ing
(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 re-
striction 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

Figure 129: WRITE-to-MPC[WRITE-FIFO] Operation Timing
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Notes: |. 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. Tim- ing from Write-1 to
MPC[WRITE-FIFO] is ‘WRWTR.
3. Seamless MPC[WR-FIFO] commands may be executed by repeating the command every
tCCD time.
4. MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL, ‘DQSS, ‘DQS2DQ) as a
WRITE-|I 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 driv- en LOW.
7. To avoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow MPC[WRITE-
FIFO]/CAS-2 without any other commands disturbing FIFO pointers in be- tween. 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.
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Figure 130: MPC[WRITE-FIFO]-to-MPC[READ-FIFO] Timing
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. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re- fresh or during self

refresh with CKE HIGH.

. 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-FIFO] is specified in the command-to-command timing
table.

Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev- ery *CCD time.
MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, ‘DQSCK, tDQSQ ) as a
READ-| command.

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 con- tinue 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.

DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis- ters. See Write
Training section for more information on DMI behavior.

BL = 16, Write postamble = 0.5nCK, Read preamble: Toggle, Read postamble: 0.5nCK.

DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure 131: MPC[READ-FIFO] to Read Timing
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MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re- fresh or during self
refresh with CKE HIGH.

. MPC[READ-FIFO] to READ-I operation is shown as an example of command-to-com- mand timing for

MPC. Timing from MPC[READ-FIFO] command to READ is ‘RTRRD.

. Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev- ery *CCD time.
. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK, tDQSQ ) as a

READ-I command.

. 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 con- tinue 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.

DMI[ 1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis- ters. See Write
Training for more information on DMI behavior.

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

16, Read preamble: Toggle, Read postamble: 0.5nCK
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Figure 132: MPC[WRITE-FIFO] with DQ ODT Timing
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Notes: |. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re-

fresh or during self refresh with CKE HIGH.

2. MPC[WRITE-FIFO] uses the same command-to-data/ODT timing relationship (RL,
tDQSCK, tDQS2DQ, ODTLon, ODTLoff, *ODTon, tODToff) asa WRITE-1 command.

3. For the CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

= 16, Write postamble = 0.5nCK.

5. 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: |. 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 129: MPC[WRITE-FIFO] AC Timing

Parameter Symbol MIN/MAX Value Unit
Additional time after *XP has expired until tMPCWR MIN tRCD + 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 meas- ure
the amount of delay over a given time interval (determined by the controller), allow- ing
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 regard- ing 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] com-
mand 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 au- tomatically
stored in MR18 and MRI9.

The controller may adjust the accuracy of the result by running the DQS interval oscilla- tor
for shorter (less accurate) or longer (more accurate) duration. The accuracy of the
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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 (*DQS2DQ(MIN)/(MAX)):
2 x (DQS del
DQS oscillator granularity error = M
run time

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 = | - 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:

. . 2 x (0.8ns)
DQS oscillator granularityerror= __~ " = 1.6%

100ns

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:

Das fhat > 128+55
osciiator accuracy = —
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:

2 x {0.8ns)
DQS oscillator granularity error = _

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+55
DQS oscillator accuracy = 1 - = 00 0%

300

The result of the DQS interval oscillator is defined as the number of DQS clock tree de-
lays that can be counted within the run time, determined by the controller. The result is
stored in MR18-OP[7:0] and MRI19-OP[7:0].

MRI18 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 OSCILLATOR] command is received.

The SDRAM counter will count to its maximum value (= 2*16) and stop. If the maxi-
mum 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 = 2'6 x tDQS2DQ(MIN) = 2!¢ x 0.2ns = 13.1ps
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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 tem-
perature.

Parameters:

tDQS2DQ: Actual DQS clock tree delay

tDQSosc: Training ckt (interval oscillator) delay

OSCoec: Average delay difference over voltage and temperature (shown below)
OSCratcn: DQS oscillator matching error

Figure 134: Interval Oscillator Offset — OSC e
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Table 130: DQS Oscillator Matching Error Specification

Parameter Symbol MIN MAX Unit Notes
DQS oscillator matching error OSCuatch =20 20 ps 1,2,3,4,

56,7,8
DQS oscillator offset OSC et -100 100 ps 2,4.7

Notes:

The OSCwmatch is the matching error per between the actual DQS and DQS interval oscilla-
tor over voltage and temperature.

2. This parameter will be characterized or guaranteed by design.
3. The OSCwMatch is defined as the following:

OSCppaen= [ DQRS2DQy, 1) - DQSosc(v, T) - OSCofrset 1

Where ‘DQS2DQ(V,T) and ‘DQSosc(V,T) are determined over the same voltage and tem-
perature conditions.

The runtime of the oscillator must be at least 200ns for determining *DQSosc(V,T).

DQS  (V,.T) -[ Runtime
0%C 2 x Count
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The input stimulus for tDQS2DQ will be consistent over voltage and temperature conditions.
The OSCoriset is the average difference of the endpoints across voltage and temperature.

These parameters are defined per channel.

tDQS2DQ(V,T) delay will be the average of DQS-to-DQ delay over the runtime period.

O N oW

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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Notes: |. DQS interval timer run time setting: MR23 OP[7:0] = 00000000b.
2. Setting counts of MR23.

Figure 136: In Case of DQS Interval Oscillator is Stopped by DQS Interval Timer
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See Note 2
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Parameter Symbol MIN/MAX Value Unit
Delay time from OSC stop to mode regis- tOSCO MIN MAX(40ns, ns
ter readout 8nCK)

Note: |. START DQS OSCILLATOR command is prohibited until tOSCO(MIN) is satisfied.
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Thermal Offset

Temperature Sensor

\-/

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 re- fresh
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 en- sure
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 re- flected
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 memo- ry
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.

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-rat- ing is
required at an elevated temperature range, and to monitor the operating tempera- ture.
Either the temperature sensor or the device Toper can be used to determine if op- erating
temperature requirements are being met.

The device monitors device temperature and updates MR4 according to ‘TSI. Upon exit- ing
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 Torer specification that applies to standard or elevated temperature ranges. For
example, Tcase may be above 85°C when MR4[2:0] = b0 1 I. 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
MR4.

* 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 Temp- Gradient
and the maximum response time of the system in the following equation:

TempGradient x (ReadInterval + *TSI + SysRespDelay) < 2°C
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Table 132: Temperature Sensor >

Parameter Symbol Max/Min Value Unit
System temperature gradient TempGradient MAX System Dependent °Cls
MR4 read interval Readinterval MAX System Dependent ms
Temperature sensor interval TSI 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 Ims:
(10°CI/s) x (ReadInterval + 32ms + Ims) < 2°C

In this case, ReadlInterval shall be no greater than 167ms.

Figure 137: Temperature Sensor Timing

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 channels (that is, it allows for channel independ- ence). 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 (MRI 1-OP[6:4]) and DQ
ODT values (MRI 1-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.

A ZQCAL START command may be issued anytime the device is not in a power-down
state. AZQCAL LATCH command may be issued anytime outside of power-down after
tZQCAL has expired and all DQ bus operations have completed. The CA bus must main- tain
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 /O parameters cannot be
changed following a ZQCAL START command and before ZQCAL has ex- pired:

. PU-Cal (pull-up calibration Vo point)

. PDDS (pull-down drive strength and Rx termination)
. DQ ODT (DQ ODT value)

. CA ODT (CA ODT value)
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ZQCAL Reset

The ZQCAL RESET command resets the output impedance calibration to a default ac-
curacy of £30% across process, voltage, and temperature. This command is used to en- sure
output impedance accuracy to £30% when ZQCAL START and ZQCAL LATCH com- mands
are not used.

The ZQCAL RESET command is executed by writing MR10-OP[0] = IB.

Table 133: ZQ Calibration Parameters

Parameter Symbol Min/Max Value Unit

ZQCAL START to ZQCAL LATCH command interval tZQCAL MIN | Ms

ZQCAL LATCH to next valid command interval ZQLAT MIN MAX(30ns, 8nCK) ns

ZQCAL RESET to next valid command interval ZQRESE MIN MAX(50ns, 3nCK) ns
T

Figure 138: ZQCAL Timing
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s AHAEEOHFEXHY 1 PHCAR AR AR AR AR AR AR L AT AT AR AP AR T A OO OO OL
\ CA AT
A Qu-v:"«vmh_x 7\_}'“\’7‘ “—4" il X%,?-‘}:;
command (Tama)(™ Y= Y =0 *A—:y—, \-_\.;:.*J‘.T.“.(;T,;.;T: -
oas.c G T U0, a 4*:« A AL 4 J N2 T, T 7 T )
i SR =
o sl {Z7 i L Tl Sl 27 K2 e e T A(':@W’\g\‘ -w‘ l\(’}u&(’)@-"»}@@.\ T QB S o)

Transitioning Data Dan't Care

Notes: |. WRITE and PRECHARGE operations are shown for illustrative purposes. Any single or
multiple valid commands may be executed within the ZZQCAL 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.
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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 proto- col:

¢ The ZQCAL START command can be issued to either or both channels.

* The ZQCAL START command can be issued when either or both channels are execut- ing
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.

* If the 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.

* The ZQCAL LATCH command is required for each channel.

* The ZQCAL LATCH command can be issued to both channels simultaneously.

¢ The ZQCAL LATCH command will latch results of the most recent ZQCAL START
command provided ZQCAL has been met.

o ZQCAL LATCH commands that do not meet ZQCAL will latch the results of the most
recently completed ZQ calibration.

* 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 Vppg.

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 sys- tem
configuration shares a CA bus between n channels to form an n x16 wide bus, and no means
are available to control the ZQCAL separately for each channel (that s, sepa- rate 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

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 being in 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 operating 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 opera- tion).
Changing the FSP-WR bit enables MR parameters to be changed for an alternate frequency
set point without affecting the current operation.

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
tFC), 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 134: Mode Register Function With Two Physical Registers

MR Number Operand Function Notes
MRI 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) |
OP[ 1] WR-PST(Write postamble length)
OP[5:3] PDDS (Pull-down drive strength)
OP[6] DBI-RD (DBI-read enable)
OP[7] DBI-WR (DBI-write enable)
MRI11 OP[2:0] DQ ODT (DQ bus receiver on-die termination)
OP[6:4] CA ODT (CA bus receiver on-die termination)
MRI2 OP[5:0] Vrer(ca) (VRer(ca) setting)
OP[6] VRca (VRrer(ca) range)
MRI14 OP[5:0] Vrerpq) (VRer(pg) setting)
OP[6] VRbq (VREF(DQ) range)
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Table 134: Mode Register Function With Two Physical Registers (Continued)

MR Number Operand Function Notes
MR22 OP[2:0] SOC ODT (Controller ODT value for Vo 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)
Note: |. For dual-channel devices, PU-CAL setting is required as the same value for both Ch.A

and Ch.B before issuing ZQCAL 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 135: Relation Between MR Setting and DRAM Operation

MR# and Op-
Function erand Data Operation Notes
FSP-WR MRI13 OP[6] 0 (default) Data write to mode register N for FSP-OP[0] by MRW command. |
Data read from mode register N for FSP-OP[0] by MRR command.
| 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 MRI13 OP[7] 0 (default) |DRAM operates with mode register N for FSP-OP[0] setting. 2
| DRAM operates with mode register N for FSP-OP[1] setting.
Notes: |. 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 Vrce setting: MRI3 OP[3] have to be changed into Vger fast
response (high current) mode at the same time. After frequency change time (*FC) is
satisfied. Vrce can be changed into normal operation mode via MR13 OP[3].
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Figure 139: Frequency Set Point Switching Timing
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Note: 1. For frequency change during frequency set point switching, refer to Input Clock Stop
and Frequency Change section.

Table 136: Frequency Set Point AC Timing

Min/ Data Rate

Parameter Symbol Max 1600 | 3200 | 3733 | 4267 | Unit | Notes
Frequency set point switching time tFC_short MIN 200 ns |

tFC_middle MIN 200 ns

tFC_long MIN 250 ns
Valid clock requirement after enter- tCKFSPE MIN MAX(7.5ns, 4nCK) -
ing FSP change
Valid clock requirement before first tCKFSPX MIN MAX(7.5ns, 4nCK) -
valid command after FSP change
Note: 1. Frequency set point switching time depends on value of VRrer(ca) setting: MR12 OP[5:0]

and Vger(ca) range: MR12 OP[6] of FSP-OP 0 and |. The details are shown in table below.
Additionally change of frequency set point may affect Vrer(p) setting. Settling time of
VREF(DQ) level is the same as VRer(ca) level.

Table 137: *FC Value Mapping

Applica- Step Size Range
tion From FSP-OP0O To FSP-OPI From FSP -OP0 To FSP-OPI
tFC_short Base A single step size incre- Base No change
ment/decrement
tFC_middle Base Two or more step size in- Base No change
crement/decrement
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Table 137: *FC Value Mapping (Continued)

Applica- Step Size Range
tion From FSP-OP0 To FSP-OPI From FSP -OP0 To FSP-OPI
tFC_long - - Base Change
Note: |. As well as change from FSP-OPI to FSP-OPO.
Table 138: *FC Value Mapping: Example
FSP-OP: VREF(CA) Setting: VREF(CA) Range:
Case From/To MRI3 OP[7] MRI12: OP[5:0] MRI12 OP[6] Application Notes
| From 0 001100 0 tFC_short |
To I ool ol ]
2 From 0 001100 0 tFC_middle 2
Exit CA bus Swijtch to high-
To t:laininq ooitto speed mode
FS§-OP = 0 ' FSP-OP = 1 t
3 From FDWR = ] Don't Care LOP-WR = 1 FC_long 3
To Frqq. = Boot Don't Care freq. = High |
Notes: |. Asingle step size increment/decrement for Vrer(ca) setting value.

2. Two or more step size increment/decrement for VRer(ca) setting value.
3. VREF(cA) range is changed. In this case, changing VRer(ca) setting doesn’t affect *FC value.

The LPDDR4 SDRAM defaults to FSP-OP[0] at power-up. Both set points default to set-
tings needed to operate in un-terminated, low-frequency environments. To enable the
device to operate at higher frequencies, Command bus training mode should be utiliz- ed
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

Power-up/ Prepare for CA bus CA bus training,
Initialization training of FSP1 for FSP-OP1
FSP-OP = 0 high frequency - FSP-WR = 1
FSP-WR = 0 FSP-OP =0 CKE High to Low Freq. = High
Freq. = Boot FSP-WR =1
Freq. = Boot
l CKE LOW to HIGH
Prepare for CA bus
training of FSPO for
— » medium frequency
FSP-OP = |
FSP-WR=0
Freq. = High
CKE HIGH to LOW
CA bus training, Exit CA bus
FSP-OPO training
FSP-WR = 0 - FSP-OP = | - gpﬁrate aé
Freq. = Medium CKE LOW to HIGH FSP-WR =0 Igh spee
Freq. = High

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

Sstatg n-1:

FSP-OP = |

ﬁpﬁrate aé » MRW command »/ Operate atd
'gh spee State n: FSP-OP = 0 fFC medium spee

\i
S;atg n—](:)
FSP-OP =
MRW command > gpﬁrate adt
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 Vger(ca) calibration value) and
rewrites these to the alternate set point before switching FSP-OP.

206



P Y e

XS47A08GCDx Mobile-LPDDR4 / 4X

xs;emmcw
e

Pull-Up and Pull-Down Characteristics and Calibration

Figure 142: Example of Switching to a Third Trained Frequency Set Point

State n-1: MR\?(/command
FSP-WR =1 REF(CA
o speed > MRW command = CAODT, DQ ODT,
197 spee State n: FSP-WR = 0 Fc ARy
s WL, Vrerp)s
ODTD-CA...}
\i
State n-1:
FSP-OP = |
MRW command > tCr)]ptzlrate aé
State n: FSP-OP = 0 FC ird spee

Pull-Up and Pull-Down Characteristics and Calibration

Table 139: Pull-Down Driver Characteristics — ZQ Calibration

RoNPD,nom Register Min Nom Max Unit
40 ohms Ron4orD 0.90 1.0 1.10 Rzolb
48 ohms RonaspPD 0.90 1.0 1.10 Rzal5
60 ohms Roneéorp 0.90 1.0 1.10 Rzol4
80 ohms Ronsorp 0.90 1.0 1.10 Rz}
120 ohms Roni20pD 0.90 1.0 1.10 Rzol2
240 ohms Ronz240pPD 0.90 1.0 1.10 Rzall

Note:

Table 140: Pull-Up Characteristics — ZQ Calibration

I. All value are after ZQ calibration. Without ZQ calibration, Ronpp values are +30%.

2. VoH,nom (MV) values are based on a nominal Vppq = 0.6V.

Table 141: Valid Calibration Points

VoHPU,nom VoH,nom Min Nom Max Unit

Vbbq * 0.5 300 0.90 1.0 1.10 VoH,nom

Vbbb * 0.6 360 0.90 1.0 1.10 V0H,nom
Notes: 1. Allvalue are after ZQ calibration. Without ZQ calibration, Ronpp values are ¥30%.

vOH PU

ODT Value

240

120

80

60

48

40

Vbpbe * 0.5

Valid

Valid

Valid

Valid

Valid

Valid
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Table 141: Valid Calibration Points (Continued)

ODT Value
VoHrPu 240 120 80 60 48 40
Vbbq * 0.6 DNU Valid DNU Valid DNU DNU
Notes: |. After the outputis calibrated for a given VoH,nom calibration point, the ODT value may

be changed without recalibration.
2. Ifthe VoH,nom calibration point is changed, then recalibration is required.
3. DNU =Do not use.

On-Die Termination for the Command/Address Bus

The on-die termination (ODT) feature allows the device to turn on/off termination re-
sistance 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

* Vop
To other
circuitry oDT
like RCV, ...
° e CA
lout
Rt Vour
. o Vs

ODT Mode Register and ODT State Table

ODT termination values are set and enabled via MRI I. The CA bus (CK_t, CK_c, CS,
CA[5:0]) ODT resistance values are set by MRI | 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 sig-
nals. 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 MRI I, all ranks should have appropriate MR22 termi- nation
settings programmed. In a multi rank system, the terminating rank should be trained first,
followed by the non-terminating rank(s).
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Table 142: Command Bus ODT State \-/
CA ODT ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MRI 1[6:4] MR22 OP[5] MR22OP[3] | MR22OP[4] for CA for CK for CS
Disabled' Valid? Valid? Valid? Off Off Off
Valid 2 0 0 0 On On On
Valid 2 0 0 I On On Off
Valid 2 0 I 0 On Off On
Valid 2 0 I I On Off Off
Valid 2 | 0 0 Off On On
Valid 2 | 0 I Off On Off
Valid 2 | I 0 Off Off On
Valid 2 | I I Off Off Off
Notes: |. Default value
2. Valid=0or |
ODT Mode Register and ODT Characteristics
Table 143: ODT DC Electrical Characteristics for Command/Address Bus
Rzq Q 1% over entire operating range after calibration
MRI| OP[6:4] Rer Vour Min Nom Max Unit Notes
001b Q| Voupe)=0.2%Vppg 0.8 1.0 1.1 Rzall 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 1.1
Vonoey = 0.75 X Vppg 0.9 1.0 1.3
010b 2 Voupe)=0.2%Vppg 0.8 1.0 1.1 Rzl 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 11
Voroe) = 0.75 X Vppg 0.9 1.0 1.3
ollb Q Vorpc) = 0.2 % Vppg 0.8 1.0 1.1 RzaB 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 1.1
Voue) = 0.75 X Vppq 0.9 1.0 1.3
100b Q Voroc) = 0.2 % Vppg 0.8 1.0 1.1 Rzl 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 11
Voroey = 0.75 X Vppg 0.9 1.0 1.3
101b Q Vorpc) = 0.2 % Vppg 0.8 1.0 1.1 Rzl 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 1.1
Vore) = 0.75 X Vppq 0.9 1.0 1.3
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Table 143: ODT DC Electrical Characteristics for Command/Address Bus (Continued)

Rzq =240Q %1% over entire operating range after calibration

MRI1 OP[6:4] Rir Vout Min Nom Max Unit Notes
110b Q Vorpcy =0.2 X Vppq 0.8 1.0 1.1 Rzclb 1,2
Vompc) = 0.50 * Vppq 0.9 1.0 1.1
Voupc) =0.75 X Vppq 0.9 1.0 1.3
Mismatch CA-to-CA within clock 0.50 x Vbpq - - 2 % 1,2,3
group

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 cali-
bration points may be used to achieve the linearity specification shown above; for ex- ample,
calibration at 0.75 X Vpbpq and 0.20 X Vppq.

3. CA to CA mismatch within clock group variation for a given component including CK _t,

CK_c ,and CS (characterized).

Notes: .

CA-to-CA mismatch = Roor MAX) -R,,, (MIN)

Roor (AVG)

ODT for CA Update Time
Figure 144: ODT for CA Setting Update Timing in 4-Clock Cycle Command
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CA ODT Old setting value IJ I-' Updating setting New setting value

tODTUP

D Don’t Care
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-I command and other mode register control information. The value of
Rrris determined by the MR bits.
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Table 144: ODT DC Electrical Characteristics for DQ Bus
Rzq =240 Q %1% over entire operating range after calibration
MRI1 OP[2:0] Rrr Vour Min Nom Max Unit Notes
001b Q Vovpcy = 0.2 X Vppq 0.8 1.0 1.1 Rzl 1,2
Vompc) = 0.50 X Vppq 0.9 1.0 11
Voupc) =0.75 X Vppq 0.9 1.0 1.3
0lob Q Vovpc) = 0.2 X Vppq 0.8 1.0 1.1 Rzo2 1,2
Vompc) = 0.50 X Vppg 0.9 1.0 1.1
Voncy = 0.75 X Vppq 0.9 1.0 1.3
ollb Q Vovpcy = 0.2 X Vppq 0.8 1.0 1.1 Rzol3 1,2
Vompc) = 0.50 X Vppq 0.9 1.0 1.1
Voupc) = 0.75 ¥ Vppq 0.9 1.0 1.3
100b Q Vorpc) =0.2 X Vppq 0.8 1.0 1.1 Rzol4 1,2
Vompc) = 0.50 X Vppq 0.9 1.0 1.1
Vonpc) =0.75 X Vppg 0.9 1.0 1.3
101b Q Vovpc) = 0.2 X Vppq 0.8 1.0 1.1 Rzol5 1,2
Vompc) = 0.50 X Vppq 0.9 1.0 1.1
Voupc) = 0.75 ¥ Vppq 0.9 1.0 1.3
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Rzq =240 Q *1% over entire operating range after calibration
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MRI11 OP[2:0] Rrr Vour Min Nom Max Unit Notes
110b Q Vovpc) = 0.2 X Vppq 0.8 1.0 1.1 Rzalb 1,2
Vompc) = 0.50 X Vppq 0.9 1.0 1.1
Voupc) =0.75 X Vppq 0.9 1.0 1.3
Mismatch DQ-to-DQ within 0.50 x Vppo - - 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 tempera-
ture changes after calibration, see the following section on voltage and temperature
sensitivity.

. Pull-down ODT resistors are recommended to be calibrated at 0.50 X Vppg. Other cali-

bration points may be used to achieve the linearity specification shown above, for ex- ample,
calibration at 0.75 X Vppg and 0.20 X Vppq.

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

acterized).

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

Output Driver and Termination Register Temperature and Voltage Sensitivity

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

Table 145: Output Driver and Termination Register Sensitivity Definition

Definition
Resistor Point Min Max Unit | Notes
Ronpp 0.50 x Vppq 90 - (dRoNdT AT]) - (dRonNdv 110 + (dRonNdT AT|) + (dRonNdv % 1,2
AV)) AV))
VoHpPuU 0.50 X Vbpo 90 - (dVoHdaT AT]) - (dVoHdav 110+ (dVoHdr AT]|) + (dVoHav 1,2
AV)) AV))
Rrraio) 0.50 X Vbpq 90 - (dRonNdT AT]) - (dRoNdav 110 + (dRonNdT AT]) + (dRondv 1,2,3
AV)) AV))
Rrrany 0.50 x Vpp2 90 - (dRoNdT AT]) - (dRonNdv 110 + (dRonNdT AT|) + (dRonNdv 1,2,4
AV)) AV))
Notes: |. AT =T - T(@calibration), AV =V - V(@calibration)
2. dRondT, dRoNdv, dVoHdT, dVoHdv, dRTTdv, and dRTT4T 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 Vonpu.

Table 146: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRongT Ron temperature sensitivity 0 0.75 %I°C
dRonav Ron voltage sensitivity 0 0.20 %lmV
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Table 146: Output Driver and Termination Register Temperature and Voltage Sensitivity (Contin-

ued)
Symbol Parameter Min Max Unit
dVouar VoH temperature sensitivity 0 0.75 %I°C
dVonav VoH voltage sensitivity 0 0.35 %ImV
dRyr41 RTT temperature sensitivity 0 0.75 %I°C
dRy1av RrT voltage sensitivity 0 0.20 %ImV
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ODT Mode Register

The ODT mode is enabled if MRI | 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 MRI | OP[2:0] = 0.

Asynchronous ODT

When ODT mode is enabled in MRI | OP[2:0], DRAM ODT is always High-Z. The
DRAM ODT feature is automatically turned ON asynchronously after a WRITE-1,
MASK

WRITE-I, 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:

. ODTLon, tODTon(MIN), tODTon(MAX)
. ODTLoff, tODToff(MIN), tODToff(MAX)

ODTLonw is a synchronous parameter and is the latency from a CAS-2 command to the
tODTon reference. ODTLon latency is a fixed latency value for each speed bin. Each
speed bin has a different ODTLon latency.

Minimum Ry turn-on time (*tODTon(MIN)) is the point in time when the device termi-
nation circuit leaves High-Z and ODT resistance begins to turn on.

Maximum Ryt turn on time (*ODTon(MAX)) is the point in time when the ODT resist-
ance is fully on.

tODTon(MIN) and *tODTon(MAX) are measured after ODTLon latency is satisfied from
CAS-2 command.

ODTLoks is a synchronous parameter and it is the latency from CAS-2 command to

tODToff reference. ODTLok latency is a fixed latency value for each speed bin. Each speed
bin has a different ODTLok¢ latency.

Minimum Rrr turn-off time (*ODToff(MIN)) is the point in time when the device termi-
nation circuit starts to turn off the ODT resistance.

Maximum ODT turn off time (*tODToff(MAX)) is the point in time when the on-die ter-
mination has reached High-Z.

tODToff(MIN) and tODToff(MAX) are measured after ODTLo¢+ latency is satisfied from
CAS-2 command.
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Table 147: ODTLon and ODTLorr Latency Values

"

ODTLon Latency!
5 Lower Upper
‘WPRE = 2‘CK ODTLorr Latency Frequency Limit | Frequency Limit
WL Set A (nCK) WL Set B (nCK) WL Set A (nCK) WL Set B (nCK) (>) (MHz) (<) (MHz)
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. ODTLonis referenced from CAS-2 command.
2. ODTLorr as shown in table assumes BL = 16. For BL32, 8 tCK should be added.
Figure 146: Asynchronous ODTon/ODToff Timing
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l le i LA -
VOToMIN) |- - VOToffIMIN) =
DRAM Ry 0DT High-Z l-' ! f i 0DTL On
"
L ODTLO ’
e

Notes: |. BL= 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Din 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 ena- bled in
the mode register.

ODT During Write Leveling Mode

If ODT is enabled in MRI 1 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 148: Termination State in Write Leveling Mode

DQ[15:0]/DMI[1:0]
ODT State in MRI 1 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 acti-
vate 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 adja- cent to
the TRn that encountered ‘tMAC 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] = I: 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 unlimited 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 ex-
ceed MAC value.

MR24 fields are required to support the new TRR settings. Setting MR24 OP[7] = | ena-
bles TRR mode and setting MR24 OP[7] = 0 disables TRR mode. MR24 OP[6:4] defines
which bank (BAn) the target row is located in (refer to MR24 table for details).

The TRR mode must be disabled during initialization as well as any other device cali-
bration 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 interrupt and reissue the TRR mode is al- lowed.

When enabled, TRR mode is self-clearing. The mode will be disabled automatically af- ter
the completion 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."
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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 (ACTI, ACT2, and
ACT?3) and three corresponding PRE commands (PREI, PRE2, and PRE3) to com-
plete TRR mode. PRECHARGE All (PREA) commands issued while the device is in
TRR mode will also perform precharge to BAn and counts towards PREn com-
mand.

2. 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] = | and MR24
OP[6:4] defining the bank in which the targeted row is located. All other MR24 bits
should remain unchanged.

3. No activity is to occur with the device until ‘tMRD has been satisfied. When ‘MRD
has been satisfied, the only commands allowed BAn, until TRR mode has comple- ted,
are ACT and PRE.

4. Thefirst ACT to the BAn with the TRn address can now be applied; no other com-
mand is allowed at this point. All other banks must remain inactive from when the first
BAn ACT command is issued until [(1.5 x tRAS) + ‘RP] is satisfied.

5. 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.

6. 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.

7. After the third ACT to the BAn with the TRn address is issued, PRE to BAn would be
issued tRAS later. TRR mode is completed once ‘RP plus *MRD is satisfied.

8. TRR mode must be completed as specified to guarantee that adjacent rows are re-
freshed. 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 be- tween
each PRE command. The complete TRR sequence (steps 2-7) must be then reissued
and completed to guarantee that the adjacent rows are refreshed.

9. A REFRESH command to the device, or entering self refresh mode, is not allowed
while the device is in TRR mode.
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Figure 147: Target Row Refresh Mode
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Notes: |. TRnis the targeted row.
2. Bank BAn represents the bank in which the targeted row is located.

3. TRR mode self-clears after ‘MRD + *RP measured from the third BAn precharge PRE3 at
clock edge Th4.

4. TRR mode or any other activity can be re-engaged after ‘RP + *tMRD 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.

5. ACTIVATE commands to BAn during TRR mode do not provide refresh support (the re-
fresh counter is unaffected).

6. The device must restore the degraded row(s) caused by excessive activation of the targe-
ted row (TRn) necessary to meet refresh requirements.

7. A new TRR mode must wait tMRD + *RP time after the third precharge.
8. BAn may not be used with any other command.

9. ACT and PRE are the only allowed commands to BAn during TRR mode.
0. REFRESH commands are not allowed during TRR mode.

1

. All timings are to be met by DRAM during TRR mode, such as ‘FAW. Issuing ACTI, 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 readable 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 cor- rect
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

Before entering PPR mode, all banks must be precharged.
Enable PPR using MR4 OP[4] = | and wait ‘tMRD.
Issue ACT command with fail row address.

Wait ‘PGM to allow the device repair target row address internally then issue PRE-
CHARGE

5. 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.

The device is ready for any valid command after ‘PGMPST.

8. In more than one fail address repair case, repeat step 2 to 7.

Sl e

~
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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.

Figure 148: Post-Package Repair Timing
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'PGM_Exit 'PGMPST

UonxCare

I. During tPGM, 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.

Notes:

Table 149: Post-Package Repair Timing Parameters

Parameter Symbol Min Max Units
PPR programming time ‘PGM 1000 - ms
PPR exit time ‘PGM_EXIT 15 - ns
New address setting time ‘PGMPST 50 - Hs
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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] = I, the device will drive DQS_t LOW and DQS _c
HIGH within t'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
notdrive DQ[15:0] in this mode.

While in read preamble training mode, only READ DQ CALIBRATION commands may be
issued.

¢ 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 re-
ceived 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/O pins.

* The data pattern will be inverted for /O pins with a | programmed in the corre-
sponding invert mask mode register bit.

* Note that the pattern is driven on the DMI pins, but no DATA BUS INVERSION func-
tion is enabled, even if read DBI is enabled in the DRAM mode register.

* This command can be issued every tCCD seamlessly.
* The operands received with the CAS-2 command must be driven LOW.

Read preamble training is exited within 'SDO after setting MRI3 OP[1] = 0.

Figure 149: Read Preamble Training
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Note: |. Read DQ calibration supports only BL16 operation.
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Electrical Specifications

Absolute Maximum Ratings

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 conditions 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 150: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Vb supply voltage relative to Vss \ Y -0.4 2.1 \' |
Vb2 supply voltage relative to Vss Vbbp2 -0.4 1.5 v |
Vbbpq supply voltage relative to Vss Vbbo -0.4 1.5 \" |
Voltage on any ball relative to Vss Vine -0.4 1.5 \4
Vour
Storage temperature Tste =55 125 °’C 2
Notes: |. 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 de- vice.
For measurement conditions, 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 de- vice
must be initialized properly.

Table 151: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vb1 1.7 1.8 1.95 Core | power \4 1,2
Vbb2 1.06 1.1 1.17 Core 2 power/Input buffer power \ 1,2,3
Vbbo 0.57 0.60 0.65 1/0 buffer power \4 2,3

Notes: 1. Vbbi uses significantly less power than Vppa.

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 152: Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes

Input leakage current IL -4 4 pA 1,2

Notes: |. For CK_t,CK_c, CKE, CS, CA, ODT_CA and RESET_n. Any input 0V < Vin < Vpp2. All
other pins not under test = 0V.

2. CA ODT is disabled for CK_t, CK_c, CS, and CA.
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Table 153: Input/Output Leakage Current

Parameter/Condition

Symbol Min Max Unit Notes

Input/Output leakage current

loz -5 5 pA 1,2

Notes:

I. For DQ, DQS_t, DQS_c and DMI. Any I/O 0V < VourT < VbbDQ.
2. 1/Os status are disabled: High impedance and ODT off.

Table 154: Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
Standard Torer Note 4 85 °’C
Elevated 85 95 °’C
Automotive 95 105 °’C
Ultra 105 125 °C

Notes:

I. Operating temperature is the case surface temperature at the center of the top side of
the device. For measurement conditions, refer to the JESD51-2 standard.

2. When using the device in the elevated temperature range, some derating may be re-
quired. See Mode Registers for vendor-specific derating.

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 sen- sor,
the actual device case temperature may be higher than the Torer 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.
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AC and DC Input Measurement Levels

Input Levels for CKE

Table 155: Input Levels

Parameter Symbol Min Max Unit Notes
Input HIGH level (AC) ViHac) 0.75 x Vpp2 Vpp2 + 0.2 A\ |
Input LOW level (AC) ViLac) -0.2 0.25 x Vpp2 A\ |
Input HIGH level (DC) ViHpo) 0.65 x Vpp2 Vpp2 + 0.2 v
Input LOW level (DC) ViLpe) -0.2 0.35 % Vpp2 v

Note: 1. See the AC Overshoot and Undershoot section.

Figure 150: Input Timing Definition for CKE

VlH(AC) VlH(DC)
ot K )
level \ \

VlL(AC) V|L(DC)

”7,{/_; Don’t Care

Input Levels for RESET_n

Table 156: Input Levels

Parameter Symbol Min Max Unit Notes

Input HIGH level Vi1 0.80 x Vbp2 Vpp2 + 0.2 \' |

Input LOW level VL -0.2 0.20 x Vpp2 \ |
Note: |. See the AC Overshoot and Undershoot section.

Figure 151: Input Timing Definition for RESET_n

gk, S 1)
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Differential Input Voltage for CK

The minimum input voltage needs to satisfy both Vi.gir ck and Vinairr ck/2 specification at
input receiver and their measurement period is 1*CK. Vingir ck is the peak-to-peak
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voltage centered on 0 volts differential and Vingirr ck/2 is maximum and minimum peak voltage

from 0 volts.

Figure 152: CK Differential Input Voltage

Peak
< voltage
4
O
' o~
a-al \x
5 S
(@] k=
T 3
4 >'E
o
£ 3
o o
Z10.0 =

©
a g
c >
- o~
= 3
- [}
5 o
v =
< 3
K2 £
ey >
a
Peak
voltage
Time

Table 157: 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 Vindiff cK 420 - 380 - 360 - mV |
Note: 1. The peak voltage of differential CK signals is calculated in a following equation.

+ Vindiff ck = (Maximum peak voltage) - (Minimum peak voltage)
- Maximum peak voltage = MAX(f(t))

- Minimum peak voltage = MIN(f(t))

- f(t)=Veck ¢-Vek c

Peak Voltage Calculation Method

The peak voltage of differential clock signals are calculated in a following equation.
* VinHpirrpeak VOltage = MAX(f(t))

* ViLbiFr.peak VOItage = MIN(f(t))
* f(t)=Veke-Vex e
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Figure 153: Definition of Differential Clock Peak Voltage
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Note: |. VRer(ca) is device internal setting value by VRer training.

Single-Ended Input Voltage for Clock

The minimum input voltage need to satisfy Vi,.SE;K, vinse7c|(7|-||GH, and vinse7c|(7|_ow
specification at input receiver.

Figure 154: Clock Single-Ended Input Voltage
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Note: |. VRer(ca) is device internal setting value by VRer training.
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Table 158: Clock Single-Ended Input Voltage
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1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Clock single-ended Vinse_CK 210 - 190 - 180 - mV
input voltage
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 VREer(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

Differential Input Voltage : f(t)
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Delta TFdiff
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Delta TRdiff
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: vIHdii‘LCK

VILdifLCK

Peak
Voltage

Notes: |. Differential signal rising edge from ViLdift_ck to ViHdiff_ck must be monotonic slope.
2. Differential signal falling edge from ViHdifi_ck to ViLdiff ck must be monotonic slope.

Table 159: Differential Input Slew Rate Definition for CK_t, CK_c

Description From To Defined by

Differential input slew rate for rising v"_difLCK VlHdiﬂLCK |V||_dm-7c|( - VlHdiﬂLCK ATRdiff
edge (CK_t - CK _c)

Differential input slew rate for falling ViHdiff cK V\Ldiff ck IViLdifr ck = ViHdiff ck ATFdiff
edge (CK_t - CK_c)
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Table 160: 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 V\Hdiff cK 175 - 155 - 145 - mV
Differential Input LOW V\Ldiff ck - -175 - -155 - -145 mV
Table 161: 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 Vins
slew rate for clock

Differential Input Cross-Point Voltage
The cross-point voltage of differential input signals (CK_t, CK_c) must meet the require-
ments in table below. The differential input cross-point voltage Vx is measured from the

actual cross-point of true and complement signals to the mid level that is Vrer(ca).

Figure 156: Vi Definition (Clock)

Voo
-~ N AN - N
~ / / - /
ar ~N\ TN~ N~ ) - ‘\ [N
\ I \ / \ | \ 'n
(N | | | | |
¥} | f | V|
P | | ! I
& \ . L
£ 1 ' Max(f@) | | ! (
z 1| | Vixek R “ |' | ! .'\ [ Vix_CK_RF
g_ V, 1| | ‘ ! (1l
c REF(CA) | | \ |' |/ f‘ \
° | \I V. LRV
s I Minte) YCKRE p e
e [ i
P I
2 I | |
=) I | \
£ I I | |
a ! I' | |‘ ( \
1 \ I. ‘I ' 'I 'I |
\ |\ 1 |
CK_c / \ ~y / s \ ~—— / Vo
“\ , \/ L/ \ o~ e L ) J \/ \ s
Vss
Time
Note: |. The base levels of Vix_ck_rr and Vix_ck_rr are VRrer(ca) that is device internal setting

value by VRrer training.
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Table 162: Cross-Point Voltage for Differential Input Signals (Clock)

Notes | and 2 apply to entire table

P ) ru

XS=EMITRON

\-/

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: |. Vix_ck_ratio is defined by this equation: Vix_ck_ratio = Vix_ck_rr/|MIN(f(t))|
2. Vix_cK_ratio is defined by this equation: Vix_ck_ratio = Vix_ck_RFFMAX(f(t))

Differential Input Voltage for DQS

The minimum input voltage needs to satisfy both Vi.aifr pes and Vindirr pas/2 specifica- tion at
input receiver and their measurement period is Ul (“CK/2). Viudirt pos is the peak to peak
voltage centered on 0 volts differential and Viugir pos/2 is maximum and minimum peak
voltage from 0 volts.

Figure 157: DQS Differential Input Voltage

Peak

Bl voltage
& Q
g
2 >l g
& g
£100 ¢
Z z
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E Peak
' voltage
Time
Table 163: DQS Differential Input Voltage
1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit Note
DQS differential input voltage Vindiff DQS 360 - 360 - 340 - mV |

Note:

Peak Voltage Calculation Method

The peak voltage of differential DQS signals is calculated in a following equation.

+ Vindiff DQs = (Maximum peak voltage) - (Minimum peak voltage)
- Maximum peak voltage = MAX(f(t))
- Minimum peak voltage = MIN(f(t))

- f(t) = Vbgs ¢ - Vbaos «

The peak voltage of differential DQS signals are calculated in a following equation.
* VIH.DIFF.peak voltage = MAX(f(t))
* ViLbiFr.peak VOltage = MIN(f(t))

o f(t) =Vpos ¢-Vbas ¢
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Figure 158: Definition of Differential DQS Peak Voltage

N

Note: |. VRer(bQ) is device internal setting value by VRer training.

Single-Ended Input Voltage for DQS

The minimum input voltage need to satisfy Vinse pqs, Vinse_pas_HigH, aNd Vinse pas Low

specification at input receiver.

Figure 159: DQS Single-Ended Input Voltage

Single Ended Input Voltage
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Note: |. VRrer(DQ) is device internal setting value by VRer training.

Time
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Table 164: 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
DQS single-ended input Vinse_ DQS_HIGH 90 - 90 - 85 - mV
voltage HIGH from
VREF(DQ)
DQS single-ended input Vinse_ DQS_LOW 90 - 90 - 85 - mV
voltage LOW from VREF(DQ)

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

Peak

_ Voltage

e vIHdii‘LCK

CK_t - CK_c

Differential Input Voltage : f(t)

ViLdife ck
\/\f\/ Peak
Voltage
Delta TFdiff Delta TRdiff

Time

Notes: |. Differential signal rising edge from ViLdiff DQs to ViHdiff bQs must be monotonic slope.
2. Differential signal falling edge from Vindiff DQs to ViLdiff bes must be monotonic slope.

Table 165: Differential Input Slew Rate Definition for DQS_t, DQS_c

Description From To Defined by

Differential input slew rate for rising V\Ldif DQs V\Hdiff DQS [ViLditt Qs = ViHdiff DQs ATRdiff
edge (DQS_t-DQS_c)

Differential input slew rate for falling lediff_DQS V.Ldiﬁ_DQs |V|Ldiff7DQS - ledifffDQS ATFdiff
edge (DQS_t-DQS_c)
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Table 166: Differential Input Level for DQS_t, DQS_c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential Input HIGH V\udiff DQs 140 - 140 - 120 - mV
Differential Input LOW V\Ldiff DQs - -140 - -140 - -120 mV

Table 167: Differential Input Slew Rate for DQS_t, DQS_c

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 Vins

Differential Input Cross-Point Voltage

The cross-point voltage of differential input signals (DQS_t, DQS_c) must meet the re-
quirements in table below. The differential input cross-point voltage V\x is measured from

the actual cross-point of true and complement signals to the mid level that is YREF(DQ)-

Figure 161: Vi, Definition (DQS)
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DQSc ~ ! \ o \ SN/ o
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Note: |. The base levels of Vix bQs_rr and Vix_ bQs_RF are VRer(DQ) that is device internal setting

val- ue by VRer training.
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Table 168: Cross-Point Voltage for Differential Input Signals (DQS)

Notes | and 2 apply to entire table
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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: |. Vix_DQs_ratio is defined by this equation: Vix_bQs_ratio = Vix_ps_rr/|MIN(f(t))|
2. Vix_DQs_ratio is defined by this equation: Vix pQs_ratio = Vix_b@s_RF/MAX(f(t))
Input Levels for ODT_CA
Table 169: Input Levels for ODT_CA
Parameter Symbol Min Max Unit
ODT input HIGH level ViHoDT 0.75 x Vpp2 Vpp2 + 0.2 v
ODT input LOW level V\LobT -0.2 0.25 x Vpp2 v
Output Slew Rate and Overshoot/Undershoot specifications
Single-Ended Output Slew Rate
Table 170: Single-Ended Output Slew Rate
Note |I-5 applies to entire table
Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Von = Vbpq x 0.5) SRQse 3.0 9.0 Vins
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -

Notes: |. 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 repre-
sents 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 YoL(ac)
=0.2% VOH(DC) and VOH(AC) =0.8 x VOH(DC)'
5. Slew rates are measured under average SSO conditions with 50% of the DQ signals per

data byte switching.
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Output Slew Rate and Overshoot/Undershoot specifications

Figure 162: Single-Ended Output Slew Rate Definition
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Table 171: Differential Output Slew Rate
Note |-4 applies to entire table

Value
Parameter Symbol Min Max Units
Differential output slew rate (VoH = Vbpq x 0.5) SRQdiff 6 18 Vins
Notes: |. SR = Slew rate; Q = Query output; se = Differential signal.

2. Measured with output reference load.

3. The output slew rate for falling and rising edges is defined and measured between
Vorac) = =0.8 X Vo pcyand Vopac) = 0.8 X Voupey

4. Slew rates are measured under average SSO conditions with 50% of the DQ signals per
data byte switching.

Figure 163: Differential Output Slew Rate Definition
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Table 172: AC Overshoot/Undershoot Specifications

Parameter 1600 1866 3200 3733 4267 Unit
Maximum peak amplitude provided for over- MAX 0.3 0.3 0.3 0.3 0.3 A\’
shoot area

Maximum peak amplitude provided for un- MAX 0.3 0.3 0.3 0.3 0.3 \'4
dershoot area

Maximum area above Vbbbl Vbbo MAX 0.1 0.1 0.1 0.1 0.1 V-ns
Maximum area below Vss/ Vssq MAX 0.1 0.1 0.1 0.1 0.1 V-ns

Notes: |. Vbp stands for Vpp2 for CA[5:0], CK_t, CS_n, CKE, and ODT. Vpp stands for Vppq for
DQ, DMI, DQS_t,and DQS_c.
2. Vssstands for Vss for CA[5:0], CK_t, CK_c, CS_n, CKE, and ODT. Vss stands for Vssq
for DQ, DMI, DQS_t,and DQS_c.
3. Maximum peak amplitude values are referenced from actual Vpp and Vss values.
4. Maximum area values are referenced from maximum Vpp and Vss values.

Table 173: Overshoot/Undershoot Specification for CKE and RESET

Parameter Specification
Maximum peak amplitude provided for overshoot area 0.35v
Maximum peak amplitude provided for undershoot area 0.35v
Maximum area above Vpp 0.8 V-ns
Maximum area below Vss 0.8 V-ns

Figure 164: Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

/

2
a Time (ns)
O
>

N\

Undershoot area
Maximum amplitude

Driver Output Timing Reference Load

Timing reference loads are not intended as a precise representation of any particular
system environment or depiction of an actual load presented by a production tester.
System designers should use IBIS or other simulation tools to correlate the timing refer-
ence load to a system environment. Manufacturers correlate to their production test
conditions, generally one or more coaxial transmission lines terminated at the tester
electronics.
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Figure 165: Driver Output Timing Reference Load

DRAM

50 ohms %

N

Note: |. All output timing parameter values are reported with respect to this reference load; this
reference load is also used to report slew rate.

LVSTL I/O System

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

Figure 166: LVSTL 1/O Cell

VbbQ
{ Pull-Up ‘[ i
DQ
i . |[ opT
i Pull-Down ! ! Enabled when receiving !
Vssq Vssq

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

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

* Set strength control to minimum setting
* Increase drive strength until comparator detects data bit is less than Vppe/2
* NMOS pull-down device is calibrated to 240 ohms

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

* SetVon target and NMOS controller ODT replica via MRS (Von can be automatically
controlled by ODT MRS)
* Set strength control to minimum setting

* Increase drive strength until comparator detects data bit is greater than Vo4 target
* NMOS pull-up device is calibrated to Vou target
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Figure 167: Pull-Up Calibration
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Input/Output Capacitance
Table 174: Input/Output Capacitance
Notes | and 2 apply to entire table
Parameter Symbol Min Max Unit Notes
Input capacitance, CK_t and CK ¢ Cck 0.5 0.9
Input capacitance delta, CK_t and CK ¢ Cpbck 0 0.09 3
Input capacitance, all other input-only pins Ci 0.5 0.9 4
Input capacitance delta, all other input-only pins Cpi -0.1 0.1 r 5
p
Input/output capacitance, DQ, DMI, DQS_t, DQS_c Cio 0.7 1.3 6
Input/output capacitance delta, DQS_t, DQS_c Cbpas 1} 0.1 7
Input/output capacitance delta, DQ, DMI Coio -0.1 0.1 8
Input/output capacitance, ZQ pin Czo 0 5.0
Notes: |. This parameter applies to LPDDR4 die only (does not include package capacitance).

2. This parameter is not subject to production testing; It is verified by design and character-
ization. The capacitance is measured according to JEP147 (procedure for measuring in-
put capacitance using a vector network analyzer), with Vobi, Vbb2, Vbbq, and Vss ap-
plied; All other pins are left floating.

Absolute value of Cck_t = Cck_ec.

Ci applies to CS, CKE, and CA[5:0].

Cpi = Ci = 0.5 x (Cck_t + Cck_c); It does not apply to CKE.
DMI loading matches DQ and DQS.

Absolute value of Cpgs_t and Cpags_c.

© NSO U AW

Cbio = Cio — Average(Cpan, Cpomi, Cpaes_t, Cbas ) in byte-lane.
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Iop Specification Parameters and Test Conditions

Table 175: Ipp Measurement Conditions

Switching for CA
CK_t edge RI R2 R3 R4 R5 Ré6 R7 R8
CKE HIGH HIGH HIGH HIGH HIGH HIGH HIGH HIGH
Cs LOW LOW Low LOW LOW LOW LOW LOW
CA0 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAl HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAS HIGH HIGH HIGH LOW LOW LOW LOW HIGH
Notes: |I. LOW =VIn < Viipc) MAX.

HIGH = VIn = ViHic) MIN.
STABLE = Inputs are stable at a HIGH or LOW level.

2. CS must always be driven LOW.
3. 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

4. The pattern is used continuously during Ipbo measurement for Ipp values that require
switching on the CA bus.

Table 176: CA Pattern for lppsr for BL = 16

Clock Cycle
Number CKE CS Command CA0 CAl CA2 CA3 CA4 CAS

N HIGH HIGH READ-I L H L L L L
N+l HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH HIGH READ-I L H L L L L
N+9 HIGH LOW L H L L H L
N+10 HIGH HIGH CAS-2 L H L L H H
N+I1 HIGH LOW H H H H H H
N+12 HIGH LOW DES L L L L L L
N+I3 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
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Table 176: CA Pattern for lppsr for BL = 16 (Continued)

Clock Cycle
Number CKE CS Command CA0 CAl CA2 CA3 CA4 CA5
N+I15 HIGH LOW DES L L L L L L

Notes: 1. BA[2:0] = 010; C[9:4] = 000000 or I11111; Burst order C[3:2] = 00 or || (same as LPDDR3
Iobrar  specification).

2. CA pins are kept LOW with DES command to reduce ODT current (different from
LPDDR3 Ippr4r specification).

Table 177: CA Pattern for lppsw for BL = 16

Clock Cycle
Number CKE Cs Command CA0 CAI CA2 CA3 CA4 CAS5

N HIGH HIGH WRITE-1 L L H L L L
N+I1 HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH HIGH WRITE-1 L L H L L L
N+9 HIGH LOW L H L L H L
N+10 HIGH HIGH CAS-2 L H L L H H
N+11 HIGH LOW L L H H H H
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+15 HIGH LOW DES L L L L L L

Notes: 1. BA[2:0] =010; C[9:4] = 000000 or 111111 (same as LPDDR3 Ippraw specification).

2. No burst ordering (different from LPDDR3 Ibpbraw specification).

3. CA pins are kept LOW with DES command to reduce ODT current (different from
LPDDR3 Ibpraw specification).

Table 178: Data Pattern for lppsw (DBI Off) for BL = 16

DBI Off Case
DQ[7] | DQ[é] DQ[5] | DQ[4] | DQ[3] DQ[2] | DQ[I] DQ[O0] DBI #of Is
BLO | 1 1 I I 1 1 1 0 8
BLI | | | | 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 I | 1 | 0 4
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DBI Off Case
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQ[O] DBI #of Is

BL4 0 0 0 0 0 0 | | 0 2

BL5 0 0 0 0 I | | | 0 4

BL6 | | | I I | 0 0 0 6

BL7 I I | I 0 0 ] 0 0 4

BL8 | | | I I | | | 0 8

BL9 I I | I 0 0 ] 0 0 4
BLIO 0 0 0 0 0 0 0 0 0 0
BLII 0 0 0 0 I | | | 0 4
BLI2 0 0 0 0 0 0 | | 0 2
BLI3 0 0 0 0 I | | | 0 4
BLI4 | | | I I | 0 0 0 6
BLI5 | | | | 0 0 0 0 0 4
BLI6 | | | | | | 0 0 0 6
BLI7 | | | | 0 0 0 0 0 4
BLI8 0 0 0 0 0 0 I | ] 2
BLI19 0 0 0 0 I | | | 0 4
BL20 0 0 0 0 0 0 0 0 ] 0
BL2I 0 0 0 0 I | | | 0 4
BL22 | | | | | | I | ] 8
BL23 | | | I 0 0 0 0 0 4
BL24 0 0 0 0 0 0 I | ] 2
BL25 0 0 0 0 I | | | 0 4
BL26 | | | I I | 0 0 0 6
BL27 | | | | 0 0 0 0 0 4
BL28 | | | I I | | | 0 8
BL29 | 1 1 | 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0
BL3I 0 0 0 0 | 1 | 1 0 4
#of s 16 16 16 16 16 16 16 16

Note: |. Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQ[7] to

reduce complexity for Ibbaw pattern programming.

Table 179: Data Pattern for Ippsr (DBI Off) for BL = 16

DBI Off Case

DQ[7]

DQ[¢]

DQ[5]

DQ[4]

DQ[3]

DQ[2]

DQ[I]

DQ[0]

DBI

#of Is

BLO
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Table 179: Data Pattern for Ippsr (DBI Off) for BL = 16 (Continued)

P Y e
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"

reduce complexity for Ibp4r pattern programming.

DBI Off Case
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQIO] DBI #of Is

BLI | | | I 0 0 0 0 0 4

BL2 0 0 0 0 0 0 0 0 0 0

BL3 0 0 0 0 I | I | 0 4

BL4 0 0 0 0 0 0 I I 0 2

BL5 0 0 0 0 I | I | 0 4

BL6 I | I I I I 0 0 0 6

BL7 | | | I 0 0 0 0 0 4

BL8 I | I I I I I I 0 8

BL9 | | | I 0 0 0 0 0 4
BLIO 0 0 0 0 0 0 0 0 0 0
BLII 0 0 0 0 I | I | 0 4
BLI2 0 0 0 0 0 0 I | 0 2
BLI3 0 0 0 0 I | I | 0 4
BL14 | | | I I | 0 0 0 6
BLI5 | | | I 0 0 0 0 0 4
BL16 | | | I I | I | 0 8
BLI7 | | | I 0 0 0 0 0 4
BLI18 0 0 0 0 0 0 0 0 0 0
BLI19 0 0 0 0 I | I | 0 4
BL20 | | | I I | 0 0 0 6
BL2I | | | I 0 0 0 0 0 4
BL22 0 0 0 0 0 0 I | 0 2
BL23 0 0 0 0 I | I | 0 4
BL24 0 0 0 0 0 0 0 0 0 0
BL25 0 0 0 0 I | I | 0 4
BL26 | | | I I | I | 0 8
BL27 | | | I 0 0 0 0 0 4
BL28 0 0 0 0 0 0 I | 0 2
BL29 0 0 0 0 I | I | 0 4
BL30 | | | I I | 0 0 0 6
BL3I | | | I 0 0 0 0 0 4
#of Is 16 16 16 16 16 16 16 16

Note: 1. Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQ[7] to
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DBI On Case

DQ[5] | DQI4]

DQ[3]

DQ[2]

DQ[!]

DQ[0]

DBI

#of Is

BLO

BLI

BL2

0
0
0

0
0
0

BL3

BL4

BL5

oo o|lolo

BLé6

BL7

HlwWwlHh|NN O

BLS8

BL9

BLIO

BLII

BLI2

BLI3

BLI4

BLIS

HlWl LN DO

BLI16

BLI17

BLI8

BLI19

BL20

BL21

o|lo|o|o| o

HlO(H|I N H| W

BL22

o|loo|loco|o| o

o|lo|lo|o| o

o|loo|loco|o| o
o|loco|lo|o| o

BL23

BL24

o|lo| o

o|lo| o

BL25

o|lo| o

BL26

o|lo| o

o|lo| o

o|lo| o
o|lo| o

BL27

Sl WA NS

BL28

BL29

BL30

o|lo|lo|o| o

o|loo|loco|o| o

BL3I

S|l o N

#of ls

ol oo

o oo

o oo
o oo

o o|lo| o

Note:

|. DBI enabled burst: BLO, BLé, BL8, BL14,BL16, BL22, BL26, and BL28.
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Table 181: Data Pattern for lppsr (DBl On) for BL = 16

P Y e

XS=EMITRON

"

DBI On Case

DQ[7]

DQ[é]

DQ[5]

DQ[4]

DQ[3]

DQ[2]

DQ[!]

DQ[0]

DBI

#of Is

BLO

BLI

BL2

0
0
0

0
0
0

BL3

BL4

BL5

o|lo|lo|o| o

BL6

BL7

Sl W AN~ O N

BLS8

BL9

BLI0

BLII

BLI12

BLI3

BLI14

BLI5

HlWAEA NSO N

BLIé6

BLI7

BLI8

o|lo| o o | o

o|lo| o o| o

BLI19

o|lo| o

BL20

o|lo| o

o|lo| o

o|lo| o

o|lo| o

BL21

BL22

o|lo| o

o|lo| o

BL23

BL24

BL25

o|lo|lo|o| o

SO KNIl W SO

BL26

ool o|o| o

o|lo|o|o| o

oo o|o| o

o|lo|o|o| o

BL27

BL28

o|lo| o

o|lo| o

BL29

o|lo| o

BL30

o|lo| o

o|lo| o

o|lo| o

o|lo| o

BL3I

0

AW BN N

#of ls

ool oo

®| oo

16

Note:

DBI enabled burst: BLO, BL6, BL8, BL14, BL20, BL26, and BL30.
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1
e
Clock Cycle
Number CKE (o] Command CA0 CAI CA2 CA3 CA4 CAS5

N HIGH HIGH READ-I L H L L L L
N+I HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+9 HIGH LOW DES L L L L L L
N+10 HIGH LOW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+I15 HIGH LOW DES L L L L L L
N+16 HIGH HIGH READ-I L H L L L L
N+17 HIGH LOW L H L L H L
N+18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOW H H L H H H
N+20 HIGH LOW DES L L L L L L
N+21 HIGH LOW DES L L L L L L
N+22 HIGH LOW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOW DES L L L L L L
N+25 HIGH LOW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOW DES L L L L L L
N+28 HIGH LOW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N+30 HIGH LOW DES L L L L L L
N+31 HIGH LOW DES L L L L L L

Note: 1. BA[2:0] =010, C[9:5] = 00000 or 11111, Burst order C[4:2] = 000 or I11.
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"

Clock Cycle
Number CKE CS Command CA0 CAl CA2 CA3 CA4 CAS5

N HIGH HIGH WRITE-1 L L H L L L
N+I HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+9 HIGH LOW DES L L L L L L
N+I10 HIGH LOW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+I15 HIGH LOW DES L L L L L L
N+16 HIGH HIGH WRITE-I L L H L L L
N+17 HIGH LOW L H L L H L
N+I18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOW L L L H H H
N+20 HIGH LOW DES L L L L L L
N+21 HIGH LOW DES L L L L L L
N+22 HIGH LOW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOW DES L L L L L L
N+25 HIGH LOW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOW DES L L L L L L
N+28 HIGH LOW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N+30 HIGH LOW DES L L L L L L
N+31 HIGH LOW DES L L L L L L

Note: |. BA[2:0] =010, C[9:5] = 00000 or I1111.
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P Y e

XS=EMITRON

"

DBI Off Case

DQ[7]

DQ[é]

DQ[5]

DQ[4]

DQ[3]

DQ[2]

DQ[!]

DQ[0]

O
o

#of Is

BLO

BLI

BL2

0
0

0
0

o o

o o

BL3

BL4

BL5

o|lo|o| o

BL6

BL7

o| o

o| o

BL8

BL9

BLI0O

o| o

o| o

BLII

BLI12

BLI3

BLI14

BLI5

BLIé6

BLI7

BLI8

BLI19

BL20

BL21

BL22

BL23

BL24

BL25

BL26

BL27

o| o

o| o

BL28

BL29

BL30

o | o

o| o

BL3I

BL32

BL33

BL34

BL35

BL36

o|lo|lo|o| o o|lo|lo|lo|ololololo|o|lo| ool olo|o ool o olololo|lo|o|lo o oolo|lo| o

N & O o HloOo( (|| DN DO N Sl A (NSO DN A (NSO N
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1
N
DBI Off Case
DQ[7] | DQ[é] DQ[5] | DQ[4] | DQ[3] DQ[2] | DQI[I] DQ[0] DBI #of Is
BL37 0 0 0 0 I | I | 0 4
BL38 | | | I I | 0 0 0 6
BL39 | | | I 0 0 0 0 0 4
BL40 | | | I I | I | 0 8
BL41 | | | I 0 0 0 0 0 4
BL42 0 0 0 0 0 0 0 0 0 0
BL43 0 0 0 0 I | I | 0 4
BL44 0 0 0 0 0 0 I | 0 2
BL45 0 0 0 0 I | I | 0 4
BL46 | | | I I | 0 0 0 6
BLA47 | | | I 0 0 0 0 0 4
BL48 | | | I I | 0 0 0 6
BL49 | | | I 0 0 0 0 0 4
BL50 0 0 0 0 0 0 I | 0 2
BL5I 0 0 0 0 I | | | 0 4
BL52 0 0 0 0 0 0 0 0 0 0
BL53 0 0 0 0 I | | | 0 4
BL54 | | | I I | I | 0 8
BL55 | | | I 0 0 0 0 0 4
BL56 0 0 0 0 0 0 I | 0 2
BL57 0 0 0 0 I | | | 0 4
BL58 | | | I I | 0 0 0 6
BL59 | | | I 0 0 0 0 0 4
BL60 | | | I I | I | 0 8
BL61 | | | I 0 0 0 0 0 4
BL62 0 0 0 0 0 0 0 0 0 0
BL63 0 0 0 0 I | | | 0 4
#of ls 32 32 32 32 32 32 32 32
Note: |. Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQ[7] to

reduce complexity for Ibbaw pattern programming.

Table 185: Data Pattern for Ippsr (DBI Off) for BL = 32

DBI Off Case

DQ[7] | DQ[é6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQ[O] DBI #of Is
BLO [ | | | | | | | 0 8
BLI [ [ | [ 0 0 0 0 0 4
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1
N
DBI Off Case
DQ[7] | DQ[é] DQ[5] | DQ[4] | DQ[3] DQ[2] | DQI[I] DQ[O0] DBI #of Is
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 I | 1 | 0 4
BL4 0 0 0 0 0 0 1 | 0 2
BL5 0 0 0 0 I | 1 | 0 4
BL6 | 1 | I I | 0 0 0 6
BL7 I 1 1 I 0 0 0 0 0 4
BL8 | 1 | I I | 1 | 0 8
BL9 I 1 1 I 0 0 0 0 0 4
BLIO 0 0 0 0 0 0 0 0 0 0
BLII 0 0 0 0 I | 1 | 0 4
BLI2 0 0 0 0 0 0 | | 0 2
BLI3 0 0 0 0 I 1 1 1 0 4
BL14 | | | | | | 0 0 0 6
BLI5 | 1 1 I 0 0 0 0 0 4
BLI16 | 1 1 I I | 0 0 0 6
BLI7 [ [ | | 0 0 0 0 0 y
BLI8 0 0 0 0 0 0 I I 0 2
BLI19 0 0 0 0 I 1 1 | 0 4
BL20 0 0 0 0 0 0 0 0 0 0
BL21 0 0 0 0 I | I | 0 4
BL22 | 1 1 I I 1 1 1 0 8
BL23 1 1 | I 0 0 0 0 0 4
BL24 0 0 0 0 0 0 1 | 0 2
BL25 0 0 0 0 I | | 1 0 4
BL26 | 1 1 I I | 0 0 0 6
BL27 | | | | 0 0 0 0 0 4
BL28 | 1 1 I I | 1 | 0 8
BL29 1 1 | I 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0
BL3I 0 0 0 0 I | | 1 0 4
BL32 0 0 0 0 0 0 | 1 0 2
BL33 0 0 0 0 I | 1 | 0 4
BL34 | | | | | | 0 0 0 6
BL35 | 1 1 I 0 0 0 0 0 4
BL36 | | | | | | | | 0 8
BL37 | 1 1 I 0 0 0 0 0 4
BL38 0 0 0 0 0 0 0 0 0 0
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1
N
DBI Off Case
DQ[7] | DQ[é] DQ[5] | DQ[4] | DQ[3] DQ[2] | DQI[I] DQ[O0] DBI #of Is
BL39 0 0 0 0 I | I | 0 4
BL40 0 0 0 0 0 0 I | 0 2
BL41 0 0 0 0 I | I | 0 4
BL42 | | | I I | 0 0 0 6
BL43 | | | I 0 0 0 0 0 4
BL44 | | | I I | I | 0 8
BL45 | | | I 0 0 0 0 0 4
BL46 0 0 0 0 0 0 0 0 0 0
BL47 0 0 0 0 I | I | 0 4
BL48 | | | I I | I | 0 8
BL49 | | | I 0 0 0 0 0 4
BL50 0 0 0 0 0 0 0 0 0 0
BL5I 0 0 0 0 I | I | 0 4
BL52 | | | I I | 0 0 0 6
BL53 | | | I 0 0 0 0 0 4
BL54 0 0 0 0 0 0 I | 0 2
BL55 0 0 0 0 I | I | 0 4
BL56 0 0 0 0 0 0 0 0 0 0
BL57 0 0 0 0 I | I | 0 4
BL58 | | | I I | | | 0 8
BL59 | | | I 0 0 0 0 0 4
BL60 0 0 0 0 0 0 I | 0 2
BL61 0 0 0 0 I | I | 0 4
BL62 | | | I I | 0 0 0 6
BL63 | | | I 0 0 0 0 0 4
#ofls 32 32 32 32 32 32 32 32
Note: |. Simplified pattern; same data pattern was applied to DQ[4], DQ[5], DQ[6], and DQ[7] to

reduce complexity for Ipp4r pattern programming.

Table 186: Data Pattern for Ippsw (DBl On) for BL = 32

DBI On Case
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQ[0] | DBI | #ofls
BLO 0 0 0 0 0 0 0 0 I |
BLI | | | I 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 I | I | 0 4
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P Y e

XS=EMITRON

"

DBI On Case

DQ[7]

DQ[é]

DQ[5]

DQ[4]

DQ[3]

DQ[2]

DQ[!]

DQ[0]

DBI

BL4

BL5

BL6

o|lo| o

o|lo| o

o|lo| o

0
0
0

BL7

BL8

BL9

BLIO

BLII

BLI12

BLI3

BLI14

BLI5

HlW AN~ O N

BLIé6

BLI7

BLI8

BLI19

BL20

BL21

o|loo|lo|o| o

HlO| | N| W

BL22

oo oco|o| o

o|lo|o|o| o

oo o|o| o

o|lo|o|o| o

BL23

BL24

o|lo| o

o|lo| o

BL25

o|lo| o

BL26

o|lo| o

o|lo| o

o|lo| o

o|lo| o

BL27

AW BN

BL28

BL29

BL30

o|lo|lo|o| o

oo o|o| o

o|lo|o| o

o|lo|o| o

BL3I

o|lo| o

o N

BL32

o (oo

[— 2 I — B

o (oo

o (oo

BL33

BL34

o|lo| o

o|lo| o

o|lo| o

o|lo| o

BL35

BL36

BL37

o|lo|lo|o| o

BL38

o|lo|loco|o| o

o|lo|lo|o| o

o|lo|loco|o| o

o|lo|lo|o| o

BL39

Sl W AN S| O N

BL40

o|o| o

o|lo| o
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DBI On Case
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQIO] DBI #of Is
BL41 | | | | 0 0 0 0 0 4
BL42 0 0 0 0 0 0 0 0 0 0
BL43 0 0 0 0 | | | | 0 4
BL44 0 0 0 0 0 0 | | 0 2
BL45 0 0 0 0 | | | | 0 4
BL46 0 0 0 0 0 0 | | | 3
BL47 | | | | 0 0 0 0 0 4
BL48 0 0 0 0 0 0 | | | 3
BL49 | | | | 0 0 0 0 0 4
BL50 0 0 0 0 0 0 | | 0 2
BL5I 0 0 0 0 | | | | 0 4
BL52 0 0 0 0 0 0 0 0 0 0
BL53 0 0 0 0 | | | | 0 4
BL54 0 0 0 0 0 0 0 0 | |
BL55 | | | | 0 0 0 0 0 4
BL56 0 0 0 0 0 0 | | 0 2
BL57 0 0 0 0 | | | | 0 4
BL58 0 0 0 0 0 0 | | | 3
BL59 | | | | 0 0 0 0 0 4
BL60 0 0 0 0 0 0 0 0 | |
BL61 | | | | 0 0 0 0 0 4
BL62 0 0 0 0 0 0 0 0 0 0
BL63 0 0 0 0 | | | | 0 4
#of ls 16 16 16 16 16 16 32 32 16
Note: |. DBI enabled burst: BLO, BL6, BL8, BL14,BL16,BL22, BL26, BL28, BL32, BL38, BL40, BL46,

BL48, BL54, BL58, and BL60.

Table 187: Data Pattern for lppsr (DBl On) for BL = 32

DBI On Case
DQ[7] | DQ[é] DQ[5] | DQ[4] | DQ[3] DQ[2] | DQ[I] DQ[O0] DBI #of Is
BLO 0 0 0 0 0 0 0 0 1 |
BLI | | | | 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 I | 1 | 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 I | 1 | 0 4
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DBI On Case

DQ[7]

DQ[é]

DQ[5]

DQ[4]

DQ[3]

DQ[2]

DQ[!]

DQ[0]

DBI

BL6

0

BL7

BL8

BL9

BLIO

oo ool o

oo o|lolo

o|lo|loflo

o|lo|loflo

BLII

BLI12

BLI3

BLI14

BLI5

Sl W AN~ O N

BLIé6

BLI7

BLI8

BLI19

BL20

BL21

o|loo|lo|o| o

HlO| | N| W

BL22

oo oco|o| o

o|lo|o|o| o

oo o|o| o

o|lo|o|o| o

BL23

BL24

o|lo| o

o|lo| o

BL25

o|lo| o

BL26

o|lo| o

o|lo| o

o|lo| o

o|lo| o

BL27

HlW| BN

BL28

BL29

BL30

o|lo|lo|o| o

ool o|o| o

BL3I

o N

BL32

BL33

BL34

BL35

W AN

BL36

BL37

BL38

BL39

BL40

BL41

BL42

o|loo|loco|o| o

o|lo|lo|o| o

o|lo|lo|o| o

o|lo|lo|o| o

[ I I N I S 2 B N I — 8 N
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DBI On Case
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[I] | DQJ0] DBI #of Is
BL43 I I I | 0 0 0 0 0 4
BL44 0 0 0 0 0 0 0 0 I I
BL45 I I I | 0 0 0 0 0 4
BL46 0 0 0 0 0 0 0 0 0 0
BL47 0 0 0 0 | I I I 0 4
BL48 0 0 0 0 0 0 0 0 I I
BL49 I I I | 0 0 0 0 0 4
BL50 0 0 0 0 0 0 0 0 0 0
BL5I 0 0 0 0 | I I I 0 4
BL52 0 0 0 0 0 0 I I I 3
BL53 I I I | 0 0 0 0 0 4
BL54 0 0 0 0 0 0 I I 0 2
BL55 0 0 0 0 | I I I 0 4
BL56 0 0 0 0 0 0 0 0 0 0
BL57 0 0 0 0 | I I I 0 4
BL58 0 0 0 0 0 0 0 0 I I
BL59 I I I | 0 0 0 0 0 4
BL60 0 0 0 0 0 0 I I 0 2
BL6I 0 0 0 0 | I I I 0 4
BL62 0 0 0 0 0 0 I I I 3
BL63 I I I | 0 0 0 0 0 4
#ofls 16 16 16 16 16 16 32 32 16
Note: I. DBI enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL34, BL36, BL42, BL44,

BL48, BL52, BL58, and BL62.
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Iop values are for the entire operating voltage range, and all of them are for the entire
standard temperature range.

Iop Specifications

Table 188: Ipp Specification Parameters and Operating Conditions

LPDDR4: Vbbp2, VbbQ = 1.06-1.17V; Vppi = 1.70-1.95V
LPDDR4X: Vpp2= 1.06-1.17V; Vppq = 0.57-0.65V; Vppi = 1.70-1.95V

Power

Parameter/Condition Symbol Supply Notes
Operating one bank active-precharge current: *CK = *CK Ibpoi Vppi
(MIN); RC = *RC (MIN); CKE is HIGH; CS is LOW between valid Ioboz Vb2
com- mands; CA bus inputs are switching; Data bus inputs are 0 v 2
stable; ODT is disabled DD0Q pbQ
Idle power-down standby current: *CK = *CK (MIN); CKE is lop2pi Vppi
LOW; CS is LOW; All banks are idle; CA bus inputs are switching; Iop2p2 Voo2
Data bus inputs are stable; ODT is disabled

Ibp2pq Vbpe 2
Idle power-down standby current with clock stop: CK _t = Ipp2psi Vbbi
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; All banks are idle; Iopaps2 Vo2
CA bus inputs are stable; Data bus inputs are stable; ODT is disabled

Ibp2psq Vbbo 2
Idle non-power-down standby current: *CK = tCK (MIN); CKE is Ipp2ni Vppi
HIGH; CS is LOW; All banks are idle; CA bus inputs are switching; [T Voo2
Data bus inputs are stable; ODT is disabled

Ibb2ng Vbpe 2
Idle non-power-down standby current with clock stopped: Ibp2nsi Vbbi
CK_t=LOW,; CK_c = HIGH; CKE is HIGH; CS is LOW:; All banks Iopans2 Vb2
are idle; CA bus inputs are stable; Data bus inputs are stable; ODT is " v 2
disabled DD2NSQ pbe
Active power-down standby current: *CK = tCK (MIN); CKE is Iopspi Vppi
LOW; CS is LOW; One bank is active; CA bus inputs are switching; lop3p2 Voo2
Data bus inputs are stable; ODT is disabled

Ibp3pq Vobe 2
Active power-down standby current with clock stop: CK_t = Ipp3psi Vbbi
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; One bank is active; Iop3ps2 Vo2
CA bus inputs are stable; Data bus inputs are stable; ODT is disabled

Ibp3psq Vbbe 3
Active non-power-down standby current: *CK = tCK (MIN); Ippani VbbI
CKE is HIGH; CS is LOW; One bank is active; CA bus inputs are [T Voo2
switching; Data bus inputs are stable; ODT is disabled

Ibbing Vbpe 3
Active non-power-down standby current with clock stop- Ibpansi VbbI
ped: CK_t=LOW, CK_c =HIGH; CKE is HIGH; CS is LOW; One Ipp3Ns2 Voo2
bank is active; CA bus inputs are stable; Data bus inputs are stable; I v 3
ODT is disabled DD3NSQ bDbQ
Operating burst READ current: *CK = tCK (MIN); CS is LOW be- Iob4ri Vppi
tween valid commands; One bank is active; BL = 16 or 32; RL = RL lopara Vi3
(MIN); CA bus inputs are switching; 50% data change each burst " v 4
transfer; ODT is disabled DD4RQ bbQ
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Table 188: Ipop Specification Parameters and Operating Conditions (Continued)

LPDDR4: Vbb2, VbbQ = 1.06-1.17V; Vpp1 = 1.70-1.95V
LPDDR4X: Vpp2= 1.06—-1.17V; Vppq = 0.57-0.65V; Vopi = 1.70-1.95V

Power
Parameter/Condition Symbol Supply Notes
Operating burst WRITE current: t‘CK = *CK (MIN); CS is LOW be- lppawi Vpp!i
tween valid commands; One bank is active; BL =16 or 32; WL = lopawa Vi3
WL (MIN); CA bus inputs are switching; 50% data change each " v 3
burst transfer; ODT is disabled DD4WQ bbQ
All-bank REFRESH burst current: *CK = t*CK (MIN); CKE is HIGH lpps: Vopi
between valid commands; ‘RC = tRFCab (MIN); Burst refresh; CA Ipos2 Voo2
bus inputs are switching; Data bus inputs are stable; ODT is disa- bled
Ibpsq Vbbe 3
All-bank REFRESH average current: *CK = t‘CK (MIN); CKE is lppsag! Vppi
HIGH between valid commands; ‘RC = ‘REFI; CA bus inputs are lpbsAB2 Voo2
switching; Data bus inputs are stable; ODT is disabled
IbpsaBQ Vbbe 3
Per-bank REFRESH average current: tCK = tCK (MIN); CKE is Ippspei Vobi
HIGH between valid commands; ‘RC = tREFI/8; CA bus inputs are loospea Vo2
switching; Data bus inputs are stable; ODT is disabled
lbpspeq Vbba 3
Power-down self refresh current: CK_t = LOW, CK_c = HIGH; Ippsi Vobi 5,6
CKE is LOW; CA bus inputs are stable; Data bus inputs are stable; Iobs2 Voo2 5,6
Maximum I x self refresh rate; ODT is disabled
Ibpsq Vobo 3,5,6
Notes: |. ODT disabled: MRI1[2:0] = 000b.
2. Ibp current specifications are tested after the device is properly initialized.
3. Measured currents are the summation of Vopq and Vppa.
4. Guaranteed by design with output load = 5pF and Ron = 40 ohm.
5. The Ix self refresh rate is the rate at which the device is refreshed internally during self
refresh before going into the elevated temperature range.
6. This is the general definition that applies to full-array self refresh.

7. For all Ipp measurements, ViHcke = 0.8 X Vpp2; ViLcke = 0.2 X Vppa.
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AC Timing

Table 189: Clock Timing

Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 4267 Unit
Average clock period tCK(AVG) Min 1250 625 535 468 ps
Max 100 100 100 100 ns
Min 0.46
Average HIGH pulse width tCH(AVG) tCK(AVG)
Max 0.54
Min 0.46
Average LOW pulse width tCL(AVG) tCK(AVG)
Max 0.54
Absolute clock period tCK(ABS) Min tCK(AVG)min + YIT(per)min ps
Min 0.43
Absolute clock HIGH pulse width tCH(ABS) tCK(AVG)
Max 0.57
Min 0.43
Absolute clock LOW pulse width tCL(ABS) tCK(AVG)
Max 0.57
t - Min =70 -40 -34 -30
Clock period jitter JIT(per)al ps
lowed Max 70 40 34 30
Maximum clock jitter between two
consecutive clock cycles (includes YIT(cc)allowed| Max 140 80 68 60 ps
clock period jitter)

Table 190: Read Output Timing

Min/ Data Rate

Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes

i Min 1500
DQS output access time DQSCK ps |
from CK_t/CK _c Max 3500
DQS output access time |,

DQSCK_

from CK_t/CK_c - voltage VOLT Max 7 ps/imV 2

variation

DQS output access time |,
DQSCK
fi - - — 0
rom CK_TJC.K_C temper TEMP Max 4 ps/°C 3
ature variation

CK toDQSranktorank |*DQSCK_
variation r
ank2rank

DQS_t, DQS_c to DQ skew
total, per group, per ac- tDQSQ | Max 0.18 Ul 6
cess (DBI Disabled)

DQ output hold time to-
tal from DQS_t, DQS_c ‘QH Min MIN(*QSH, tQSL) ps 6
(DBI Disabled)
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Table 190: Read Output Timing (Continued)

Min/ Data Rate

Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
Data output valid win- ¢
dow time total, per pin QVt\;I_to- Min 0.75 0.73 0.70 Ul 6,11
(DBI-Disabled)
DQS_t, DQS_c to DQ skew| .
total, per group, per ac- DQDSQ_ Max 0.18 Ul 6
cess (DBI-Enabled) BI
DQ output hold time to-
tal from DQS_t, DQS_c¢ |*QH_DBI | Min MIN(*QSH_DBI, *QSL_DBI) ps 6
(DBI-Enabled)
Data output valid win- ¢
dow time total, per pin ?rl,:)_;(l)- Min 0.75 0.73 0.70 Ul 6,11
(DBI-Enabled) A
DQS_t, DQS_c differential
output LOW time (DBI- tQSL Min tCL(ABS) - 0.05 tCK(AVG| 9,11
Disabled) )
DQS_t, DQS_c differential
output HIGH time (DBI- ‘QSH Min tCH(ABS) - 0.05 tCK(AVG| 10,11
Disabled) )
DQS_t, DQS_c differential
output LOW time (DBI- [*QSL-DBI | Min tCL(ABS) - 0.045 tCK(AVG| 9,11
Enabled) )
DQS_t, DQS_c differential
output HIGH time (DBI- |*QSH-DBI| Min tCH(ABS) - 0.045 tCK(AVG| 10,11
Enabled) )
Read preamble fRPRE | Min 1.8 tCK(AVG

)
Read postamble ‘RPST | Min 0.4 (or 1.4 if extra postamble is programmed in MR) tCK(AVG

)
DQS Low-Z from clock ‘L Z(DQS | Min | (RL x tCK) +*DQSCK(MIN) - (‘RPRE(MAX) x tCK) - ps

) 200ps
DQ Low-Z from clock *LZ(DQ) | Min (RL x tCK) + tDQSCK(MIN) - 200ps ps
. (RL x tCK) + *DQSCK(MAX)+(BL/2 x tCK) +
- t
DQS High-Z from clock HZ(DQS) Max (RPST(MAX) x ps
tCK) - 100ps
x ¢ +¢ +¢t + x
DQ High-Z from clock tHZ(DQ) | Max (RL > CK) DQSCK(MA%(I)() DQSQ(MAX) + (BL2 ps
- 100ps
Notes: |. This parameter includes DRAM process, voltage, and temperature variation. It also in-

cludes the AC noise impact for frequencies >20 MHz and a max voltage of 45mV peak- to-
peak from DC-20 MHz at a fixed temperature on the package. The voltage supply noise
must comply with the component MIN/MAX DC operating conditions.

2. ‘DQSCK _volt max delay variation as a function of DC voltage variation for Vppq and
Vbba2. The voltage supply noise must comply with the component MIN/MAX DC operat-
ing conditions. The voltage variation is defined as the MAX[ABS(*DQSCK(MIN)@V I -
tDQSCK(MAX)@V2), ABS(*DQSCK(MAX)@VI - tDQSCK(MIN)@V2)J/ABS(VI - V2).

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

4. The same voltage and temperature are applied to ‘DQSCK_rank2rank.

256



P ) ru

XS47A08GCDx Mobile-LPDDR4 / 4X XSeEMITRON

5. tDQSCK_rank2rank parameter is applied to multi-ranks per byte lane within a package
consisting of the same design die.

6. DQ-to-DQS differential jitter where the total includes the sum of deterministic and ran-
dom timing terms for a specified BER.

7. The deterministic component of the total timing.

8. This parameter will be characterized and guaranteed by design.

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

10. *QSH describes the instantaneous differential output high pulse width on DQS_t -
DQS_c, as measured from one falling edge to the next consecutive rising edge.

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

Table 191: Write Timing

Note Ul = tCK(AVG)(MIN)/2

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
Rx timing window total TdIVW_t Max 0.22 0.25 ul 12,3
at Vaivw voltage levels otal
DQ and DMl input pulse .
width (at VCenT pa) TdIPW Min 0.45 Ul 7
DQ-to-DQS offset ‘DQS2D Min 200 6
-to- offse S
Q Max 800 P
DQ-to-DQ offset ‘DQDQ | Max 30 ps 7
DQ-to-D ff: ‘DQS2D
Q-to-DQS o set. . QS Max 0.6 psl°C 8
temper- ature variation Q
_temp
-to- t
DQ. t(? DQS offset voltage | ‘DQS2D Max 13 ps/50mV 9
variation Q
_volt
‘DQS2D
DQ-to-D.Q§ offset rank to Q Max 200 ps 10, 11
rank variation
_rank2ra
nk
WRITE command to Min 0.75
t t
first DQS transition DQss Max 1.25 )CK(AVG
DQS input HIGH- tDQSH | Min 0.4 tCK(AVG
level width )
DQS input LOW- tDQSL | Min 0.4 tCK(AVG
level width )
DQS falling edge to CK DSS | Min 02 ‘CK(AVG
setup time )
DQS f-alllng edge from CK ‘DSH Min 02 ‘CK(AVG
hold time )
Write postamble ‘WPST Min 0.4 (or 1.4 if extra postamble is programmed in MR) tCK(AVG
)
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Table 191: Write Timing (Continued)
Note Ul = tCK(AVG)(MIN)/2

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
Write preamble ‘WPRE | Min 1.8 tCK(AVG
)
Notes: |. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM

DQ-to-DQS voltage AC noise impact for frequencies >20 MHz with a maximum voltage
of 45mV peak-to-peak at a fixed temperature on the package. The voltage supply noise
must comply to the component MIN/MAX DC operating conditions.

2. Rx differential DQ-to-DQS jitter total timing window at the Vaivw voltage levels.

3. Defined over the DQ internal VRer range. The Rx mask at the pin must be within the in-
ternal VRer(DQ) range irrespective of the input signal common mode.

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

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

. DQ-to-DQS offset is within byte from DRAM pin to DRAM internal latch. Includes all

DRAM process, voltage, and temperature variations.

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

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

9. *DQS2DQ(MAX) delay variation as a function of the DC voltage variation for Vppq and
Vpb2. Itincludes the Vppe and Vpp2 AC noise impact for frequencies >20 MHz and
MAX voltage of 45mV peak-to-peak from DC-20 MHz at a fixed temperature on the
package.

[o2B%, ]

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

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

Table 192: CKE Input Timing

Min/ Data Rate
Parameter Symbol | Max | 1600 | 3200 | 3733 | 4267 Unit Notes
CKE minimum pulse width (HIGH ¢ .
and LOW pulse width) CKE Min MAX(7.5ns, 4nCK) ns |
Delay from valid command to CKE tCMDCKE Min MAX(I.75ns, 3nCK) ns |
input LOW ’
Valid clock requirement after CKE ¢ .
input LOW CKELCK Min MAX(5ns, 5nCK) ns |
Valid CS requirement before CKE ¢ .
input LOW CSCKE Min 1.75 ns
Valid CS requirement after CKE in-| | .
put LOW CKELCS Min MAX(5ns, 5nCK) ns |
Valid Clock requirement before ¢ .
CKE Input HIGH CKCKEH Min MAX(1.75ns, 3nCK) ns 1
Exit power-down to next valid ¢ .
command delay XP Min MAX(7.5ns, 5nCK) ns |
Valid CS requirement before CKE ¢ .
input HIGH CSCKEH Min 1.75 ns
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Table 192: CKE Input Timing (Continued)

Min/ Data Rate
Parameter Symbol Max 1600 ‘ 3200 ‘ 3733 | 4267 Unit Notes
Valid CS requirement after CKE in- {CKEHCS Min MAX(7.5ns, 5nCK) ns |
put HIGH
Valid clock and CS requirement
after CKE input LOW after MRW | tMRWCKE Min MAX(14ns, 10nCK) ns |
command L
Valid clock and CS requirement
after CKE input LOW after ZQCKE Min MAX(1.75ns, 3nCK) ns |
ZQCAL START command

Note: 1. Delay time has to satisfy both analog time(ns) and clock count (nCK). For example,
tCMDCKE will not expire until CK has toggled through at least 3 full cycles (3tCK) and
3.75ns has transpired. The case that 3nCK is applied to is shown below.

Figure 168: ‘CMDCKE Timing

T-]
CK_C -~/
cKt
CKE

CcsS /\
CA (validXvalid)(///// /) /1,

. '." //l, I F/ fJ /‘/’r’
Command( Valid XDES X/ 1117111171/
’/)| Don't Care
Table 193: Command Address Input Timing
Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
Command/address valid
window (referenced from | tcIlVW Min 0.3 tCK(AVG| 1,2,3
CA ViL/Viu to CK Vix) )
Address and control input
pulse width (referenced tclPW Min | 0.55 | 0.55 | 0.55 | 0.6 0.6 0.6 0.6 0.6 |tCK(AVG 4
to VREF) )
Notes: |. CA Rx mask timing parameters at the pin including voltage and temperature drift.

2. Rxdifferential CA to CK jitter total timing window at the VcIVW voltage levels.

3. Defined over the CA internal Vrer range. The Rx mask at the pin must be within the in- ternal
VREF(CA) range irrespective of the input signal common mode.

4. CA only minimum input pulse width defined at the Vcent_ca(pin mid).
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Table 194: Boot Timing Parameters (10-55 MHz)

Min/

Parameter Symbol | Max Value Unit
Min 18

Clock cycle time tCKb ns
Max 100

DQS output data acess time | | Min 1.0

from CK DQSCKb Max 0.0 ns

eDdzz edge to output data DQSQb | Max 12 ns

Table 195: Mode Register Timing Parameters

Min/ Data Rate
Parameter Symbol Max 1600 | 3200 | 3733 | 4267 Unit
MODE REGISTER WRITE (MRW) MRW Min MAX(10ns, 10nCK) N
com- ’

mand period
MODE REGISTER SET command delay *MRD Min MAX(14ns, 10nCK) ns

MODE REGISTER READ (MRR) com-

t H t,
mand period MRR Min 8 CK(AVG)
Additional time after XP has expired
until the MRR command may be is- *MRRI Min tRCD(MIN) + 3nCK ns
sued
Delay from MRW command to SDO Max MAX(12nCK, 20ns) ns

DQS driven out

Table 196: Core Timing Parameters

Refresh rate is determined by the value in MR4 OP[2:0]

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
READ latency (DBI RL-A | Min | 6 10 | 14 | 20 | 24 | 28 | 32 | 36 |tCK(AVG
disa- bled) )
READ latency (DB ena- RL-B | Min | 6 12 | 16 | 22 | 28 | 32 | 36 | 40 |tCK(AVG
bled) )
WRITE latency (Set A) WL-A | Min | 4 6 8 o | 12| 14| 16 | 18 |«cK(AVG
)
WRITE latency (Set B) WL-B | Min | 4 8 12 | 18 | 22 | 26 | 30 | 34 [tcK(AvG
)
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Table 196: Core Timing Parameters (Continued)

Refresh rate is determined by the value in MR4 OP[2:0]

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | Unit | Notes
t + t
ACTIVATE-to-ACTIVATE . RAS + RPab
command period (same ‘RC Min (with all-bank precharge) ns
bank) pertod I ‘RAS + ‘RPpb
(with per-bank precharge)
Minimum self refresh tSR | Min MAX(15ns, 3nCK) ns
time (entry to exit)
Self refresh exit t t
e refresh exit to nex SR | Min MAX(RFCab + 7.5ns, 2nCK) ns
valid command delay
CAS-to-CAS delay tCCD Min 8 tCK(AVG
)
CA'S-to-CAS delay masked tcCcDMW/| Min 0 ‘CK(AVG
write )
Internal READ-to-PRE- ¢ A
CHARGE command delay RTP Min MAX(7.5ns, 8nCK) ns
RAS-to-CAS delay tRCD Min MAX(18ns, 4nCK) ns
Row precharge time (sin- ¢ .
gle bank) RPpb Min MAX(18ns, 3nCK) ns
Row precharge time (all tRPab | Min MAX(21ns, 3nCK) ns
banks)
Min MAX(42ns, 3nCK) ns
Row active time ‘RAS
Max MIN(9 x *REFI x Refresh Rate, 70.2) Hs
Write recovery time ‘WR Min MAX(18ns, 4nCK) ns
Write-to-read delay ‘WTR Min MAX(10ns, 8nCK) ns
. . MAX
Active bank A to active ‘RRD | Min MAX(10ns, 4nCK) ( ns !
bank B
1.5ns,
4nCK
)
Precharge-to-precharge PPD Min 4 ‘CK(AVG 2
delay )
Four-bank activate win- FAW Min 40 30 ns |
dow
Delay from SRE command ¢ )
to CKE input LOW ESCKE | Min MAX(1.75ns, 3nCK) - 3
Notes: |. 4267 Mb/s timing value is supported at lower data rates if the device is supporting 4266 Mb/s

speed grade.

2. Precharge to precharge timing restriction does not apply to AUTO PRECHARGE com-
mands.

3. Delay time has to satisfy both analog time (ns) and clock count (nCK). It means that
tESCKE will not expire until CK has toggled through at least three full cycles (3 ‘CK) and
1.75ns has transpired. The case which 3nCK is applied to is shown below.
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Figure 169: tESCKE Timing

L_
CA <Vé"d><va"d><?////’/’f ) // // W,
cOmmandGrFrm DES>< / ///f/ ///1/

///| Don’t Care

Table 197: CA Bus ODT Timing

Min/ Data Rate
Parameter Symbol Max 533-4267
CA ODT value update time tODTUP Min RU(20ns/*CK(AVG)
Table 198: CA Bus Training Parameters
Min/ Data Rate
Parameter Symbol Max | 1600 | 3200 | 3733 | 4267 | Unit | Notes
Valid clock requirement after CKE in- ¢ ) ¢
put LOW CKELCK Min MAX(5ns, 5nCK) CK
Data setup for VRer training mode tDStrain Min 2 ns
Data hold for Vgrer training mode tDHtrain Min 2 ns
Asynchronous data read tADR Max 20 ns
CA BUS TRAINING command-to-com-
t i t t
mand delay CACD Min RU(*ADR/CK) CK |
Valid strobe requirement before CKE ¢ .
LOW DQSCKE Min 10 ns
First CA BUS TRAINING command
¢ .
fol- lowing CKE LOW CAENT Min 250 ns
VREF step time — multiple steps ‘VREFca_LONG| Max 250 ns
VREer step time - one step ‘VREFca_SHOR| Max 80 ns
T
Valid clock requirement before CS ¢ ) ¢
+ -
HIGH CKPRECS Min 2tCK + XP
Valid clock requirement after CS ¢ .
HIGH CKPSTCS Min MAX(7.5ns, 5nCK) -
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Table 198: CA Bus Training Parameters (Continued)

Min/ Data Rate
Parameter Symbol Max | 1600 | 3200 | 3733 | 4267 | Unit | Notes
Mln'lmum delay from CS.tc.> DQS tog- ¢CS_VREF Min 2 tcK
gle in command bus training
Minimum delay from CKE HIGH to ¢ .
strobe High-Z CKEHDQS Min 10 ns
CA bus training CKE HIGH to DQ tri- tMRZ Min 15 ns
state
ODT turn-on latency from CKE tCKELODTon Min 20 ns
ODT turn-off latency from CKE tCKEHODToff Min 20 ns
tXCBT_Short Min MAX(200ns, 5nCK) - 2
Exit d bus traini de t
xIt command bus traiing mode to I excBT_Middle | Min MAX(200ns, 5nCK) - 2
next valid command delay
tXCBT_Long Min MAX(250ns, 5nCK) - 2
Notes: |. If tCACD is violated, the data for samples which violate tCACD will not be available, ex-

cept for the last sample (where *CACD after this sample is met). Valid data for the last
sample will be available after ‘ADR.

2. Exit command bus training mode to next valid command delay time depends on value of
VREF(caA) setting: MR12 OP[5:0] and Vrer(ca) range: MR12 OP[6] of FSP-OP O and I.
The details are shown in *FC value mapping table. Additionally exit command bus
training mode to next valid command delay time may affect VrRer(pQ) setting. Settling
time of VRer(pQ) level is same as VRer(ca) level.

Table 199: Asynchronous ODT Turn On and Turn Off Timing

Symbol 800-2133 Unit
MHz
tODTon(MIN) 1.5 ns
tODTon(MAX) 35 ns
tODToff(MIN) 1.5 ns
tODToff(MAX) 35 ns

Table 200: Temperature Derating Parameters

Min/ Data Rate

Parameter Symbol Max 1600 3200 3733 4267 Unit
DQS output access time from CK_t/CK _c DQSCK Max 3600 ps
(derated) d
RAS-to-CAS delay (derated) tRCDd Min tRCD + 1.875 ns
ACTIVATE-to-ACTIVATE

CTIVATE-to-ACTIVATE command ‘RCd Min ‘RC +3.75 ns
period (same bank, derated)
Row active time (derated) ‘RASd Min ‘RAS + 1.875 ns
Row precharge time (derated) ‘RPd Min tRP + 1.875 ns
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Table 200: Temperature Derating Parameters (Continued)

Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 | 4267 Unit
Active bank A to active bank B (derated) ‘RRDd Min ‘RRD + 1.875 ns
Note: . At higher temperatures (>85°C), AC timing derating may be required. If derating is re-

quired the device will set MR4 OP[2:0] = 1 10b.

CA Rx Voltage and Timing

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

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

Figure 170: CA Receiver (Rx) Mask

tcIVW._total

Figure 171: Across Pin Vger (ca) Voltage Variation

CAx

Vges variation
(component)

VcenT_ca(pin mig) is defined as the midpoint between the largest Vcent ca voltage level and
the smallest Vcent ca voltage level across all CA and CS pins for a given DRAM
component. Each CA Vcenr level is defined by the center, which is, the widest opening of
the cumulative data input eye, as depicted in the figure above. This clarifies that any DRAM
component level variation must be accounted for within the CA Rx mask. The component-
level Vger will be set by the system to account for Ron and ODT settings.
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Figure 172: CA Timings at the DRAM Pins
CK, CK Data-in at DRAM Pin

Minimum CA eye center aligned

CK_c
CK_t
ALV /A §
Rx mask
CA =
orsmin WA 5
AV VWA
[ >
tclVW

TclVW for all CA signals is defined as centered on the
CK_t/CK _c crossing at the DRAM pin.

Note: 1. All of the timing terms in above figure are measured from the CK_t/CK_c to the center
(midpoint) of the TcIVW window taken at the VcIVW_total voltage levels centered
around VcenT_cA(pin mid):

Figure 173: CA *cIPW and SRIN_clVW Definition (for Each Input Pulse)

tr f

-
-

[}
\J

-
-

Rx Mask

Vv "
Veant_calpin mid) \ 3 VW

TeIPW

[
Y

Note: 1. SRIN_clVW =Vaivw_c¢otalltr or tf); signal must be monotonic within tr and tf range.

Figure 174: CA V,uL ac Definition (for Each Input Pulse)

ViHLAOmin/2

Rx Mask A

\ ViHLAOmin/2

\
Rx Mask ‘ Rx Mask
Veenten__f | \

-\~
<
&
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Table 201: DRAM CMD/ADR, CS

Ul = tCK(AVG)MIN

DQ - DQ -
DQ - 13337 1600/1867 3200/3733 DQ - 4267

Symbol Parameter Min Max | Min Max Min Max Min Max | Unit | Notes
Vavw Rx mask voltage peak-to- - 175 - 175 - 155 - 145 mV 1,2,3

peak
ViHL(AC) CA AC input pulse ampli- 210 - 210 - 190 - 180 - mV 4,6

tude peak-to-peak
SRIN_clV |Input slew rate over Vavw | 7 I 7 | 7 | 7 Vins 5
w

Notes: |. CA Rx mask voltage and timing parameters at the pin, including voltage and tempera-

ture drift.

2. Rx mask voltage Vavw total(MAX) must be centered around VceNT cA(pin mid).

3. Defined over the CA internal VRrer range. The Rx mask at the pin must be within the in-
ternal VRer(ca) range irrespective of the input sighal common mode.

4. CA-only input pulse signal amplitude into the receiver must meet or exceed ViHL(Ac) at
any point over the total Ul. No timing requirement above level. ViHL(ac) is the peak-to-
peak voltage centered around V cenT_cA(pin mid), such that ViHL(ac)/l (MIN) must be
met both above and below VcenT ca.

5. Inputslew rate over Vavw mask is centered at VceNT_cA(pin mid).

6. ViHL(Ac) does not have to be met when no transitions are occurring.

7. The Rx voltage and absolute timing requirements apply for DQ operating frequencies at or
below 1333 for all speed bins. For example the tclVW (ps) = 450ps at or below 1333
operating frequencies.
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DQ Tx Voltage and Timing

DRAM Data Timing

Figure 175: Read Data Timing Definitions — *QH and *‘DQSQ Across DQ Signals per DQS Group

'QSH(DQS_t) 'QSL(DQS_t)

Rl
DQS_c
DQS_t
'QH
[ —————
'DQSQ
— ld—
Associated : \
DQ pins
DQS_c
iR
DQS_t
DQx oy
tQW
DQy
W
DQz i
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DQ Rx Voltage and Timing

The DQ input receiver mask for voltage and timing is applied per pin, as shown in the DQ
Receiver (Rx) Mask figure below. The total mask (Vavw_tota, TAIVW_total) defines the
area that the input signal must not encroach in order for the DQ input receiver to
successfully capture an input signal. The mask is a receiver property, and it is not the valid
data eye.

Figure 176: DQ Receiver (Rx) Mask

TdIVW_total

Figure 177: Across Pin Vger DQ Voltage Variation

DQx

DQz

Vggg variation
(component)

V cenT_DQ(pin_miq) iS defined as the midpoint between the largest Vcent po voltage level and
the smallest Vcent pg Voltage level across all DQ pins for a given DRAM compo- nent.
Each Vcent po is defined by the center, which is the widest opening of the cumu- lative data
input eye as shown in the figure above. This clarifies that any DRAM compo- nent level
variation must be accounted for within the DRAM Rx mask. The component- level Vger will
be set by the system to account for Ron and ODT settings.
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Figure 178: DQ-to-DQS ‘DQS2DQ and ‘DQDQ

DQ, DQS Data-in at DRAM Latch DQS, DQs Data-in Skews at DRAM

Internal componsite data-eye center aligned to DQS Nonminimum data-eye/maximum Rx mask

DQS_c DQS_c I
DQs_t DQS_t
DQS2DQ?
_ 8
Rx mask 2
D D .
R o DRAM pin 3
| =
I
: 'DQS2DQy?
All DQ signals center aligned to the 5200y
strobe at the device internal latch :
=
Rx mask ¥ s
>‘U
'DQS2DQz?
2 T
DQz Rx mask et
DRAM pin 3
L
I >
'DQDQ

Notes: These timings at the DRAM pins are referenced from the internal latch

l.

2. ‘DQS2DQ is measured at the center (midpoint) of the TdIVW window.
3. DQz represents the MAX *DQS2DQ in this example.

4. DQy represents the MIN ‘DQS2DQ in this example.

All of the timing terms in DQ to DQS_t are measured from the DQS_t/DQS_c to the cen- ter
(midpoint) of the TdIVW window taken at the Vavw (.t VOItage levels centered around
VcenT_paein_mig)- In figure above, the timings at the pins are referenced with re- spect toall
DQ signals center-aligned to the DRAM internal latch. The data-to-data off- setis defined
as the difference between the MIN and MAX *DQS2DQ for a given compo- nent.
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Figure 179: DQ ‘DIPW and SRIN_dIVW Definition for Each Input Pulse

Ul = *CK(AVG) MIN/2

tr tf
s
-

A
Y

Rx Mask

A

VCENT_DQ(pln mid) ¥ QTR i VDIVW_totaI

A
A

'DIPW

Note: |. SRIN_dIVW =Vdivw _totalltr or tf) signal must be monotonic within tr and tf range.

Figure 180: DQ Vi (ac) Definition (for Each Input Pulse)

leL(AC)min/2

v \ [ \ Fown |
R Rx Mask Rx Mask Rx Mask dIVW-total
\ / \ v }

\ leL(AC)min/2

Table 202: DQs In Receive Mode

Note Ul = tCK(AVG)(MIN)/2

1600/1867 | 2133/2400 | 3200/3733 4267
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Vdaivw _total Rx mask voltage - peak-to- - 140 - 140 - 140 - 120 mV 1,2,3
peak
ViHL(AC) DQ AC input pulse ampli- 180 - 180 - 180 - 170 - mV 57
tude peak-to-peak
SRIN_dIVW Input slew rate over | 7 | 7 | 7 | 7 Vins 6
Vdivw total
Notes: |. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM

DQ-to-DQS voltage AC noise impact for frequencies >20 MHz with a maximum voltage
of 45mV peak-to-peak at a fixed temperature on the package. The voltage supply noise
must comply to the component MIN/MAX DC operating conditions.

2. Rx mask voltage Vavw_totaf(MAX) must be centered around VcENT DQ(pin_mid).

3. Defined over the DQ internal Vrer range. The Rx mask at the pin must be within the in-
ternal Vrer DQ range irrespective of the input signal common mode.

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

5. DQ-only input pulse amplitude into the receiver must meet or exceed ViHL(ac) at any
point over the total Ul. No timing requirement above level. ViHL(ac) is the peak-to-peak
voltage centered around VcenT_bQ(pin_mid), such that VinLac)l (MIN) must be met
both above and below VcenT DQ.

6. Input slew rate over Vaivw mask centered at VceNT DQ(pin_mid).

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

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks vio- lating
minimum or maximum values may result in device malfunction.

Table 203: Definitions and Calculations

Symbol Description Calculation Notes
tCK(avg) and The average clock period across any consecutive N
nCK 200-cycle window. Each clock period is calculated tCK(avg) ={Z tCK} IN

from rising clock edge to rising clock edge. =1

. Where N =200
Unit *CK(avg) represents the actual clock average

tCK(avg) of the input clock under operation. Unit
nCK represents one clock cycle of the input clock,
counting from actual clock edge to actual clock
edge.

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

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

tCH(avg) The average HIGH pulse width, as calculated across N
any 200 consecutive HIGH pulses. tCH(avg) = X tCcH; /(N x
tCK(avg))

i=1
Where N =200

tCL(avg) The average LOW pulse width, as calculated N
across any 200 consecutive LOW pulses. tCL(avg) = X tcL; (N x
tcK(avg))

j=1

Where N =200

YIT (per) The single-period jitter defined as the largest de- |
t =mi tck. -t

viation of any signal ‘*CK from *CK(avg). JIT(per) = min/max of “CK; -CK(ave)

Where i =1 to 200
YIT(per),act The actual clock jitter for a given system.
YIT(per), The specified clock period jitter allowance.
allowed
YIT (cc) The absolute difference in clock periods between |

t = tck. ., -tcK.
two consecutive clock cycles. fJIT(cc) defines the JIT(cc) = max of *CK;, - *CK;

cycle-to-cycle jitter.

tERR(nper) The cumulative error across n multiple consecu- i+n-1| |
tive cycles from ‘CK(avg). tERR(nper) = X tcK; - (n x tCK(avg))

tERR(nper),act |The actual clock jitter over n cycles for a given
system.
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Table 203: Definitions and Calculations (Continued)

Symbol Description Calculation Notes
tERR(nper), The specified clock jitter allowance over n cycles.
allowed
‘ERR(nper),min | The minimum ‘ERR(nper). tERR(nper),min = (I + 0.68LN(n)) x YJIT(per),min 2
‘ERR(nper),max | The maximum ‘ERR(nper). tERR(nper),max = (I + 0.68LN(n)) x §IT(per),max 2
YIT(duty) Defined with absolute and average specifications for YIT(duty),min =
‘CH and CL, respectively. MIN((tCH(abs),min - tCH(avg),min),
(tCL(abs),min - tCL(avg),min)) x tCK(avg)
YIT(duty),max =
MAX((*CH(abs),max - tCH(avg),max),
(tCL(abs),max - tCL(avg),max)) * tCK(avg)

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

tCK(abs), ‘CH(abs), and *CL(abs)

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

Table 204: tCK(abs), ‘CH(abs), and *CL(abs) Definitions

Parameter Symbol |Minimum Unit

Absolute clock period tCK(abs) |tCK(avg),min + YIT(per),min ps'

Absolute clock HIGH pulse width tCH(abs) |tCH(avg),min + fJIT(duty),min%/tCK(avg),min tCK(avg)

Absolute clock LOW pulse width tCL(abs) |tCL(avg),min + YIT(duty),min%*CK(avg),min tCK(avg)
Notes: 1. tCK(avg),min is expressed in ps for this table.

2. YIT(duty),min is a negative value.

Clock Period Jitter

LPDDR4 devices can tolerate some clock period jitter without core timing parameter
derating. This section describes device timing requirements with clock period jitter
(Y1T(per)) in excess of the values found in the AC Timing table. Calculating cycle time
derating and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (‘RCD, ‘RP, ‘RTP, ‘WR, ‘WRA, ‘WTR, ‘RC, ‘RAS, ‘RRD, ‘FAW) ex-
tend across multiple clock cycles. Clock period jitter impacts these parameters when
measured in numbers of clock cycles. Within the specification limits, the device is char-
acterized and verified to support ‘©nPARAM = RU[*PARAM/'CK(avg)]. During device op-
eration where clock jitter is outside specification limits, the number of clocks, or
tCK(avg), may need to be increased based on the values for each core timing parameter.
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For a given number of clocks (\nPARAM), when *CK(avg) and tERR(*nPARAM),act exceed
tERR(*nPARAM),allowed, cycle time derating may be required for core timing parame-
ters.

tepp(t e ,
CycleTimeDerating = m ax{[‘PARAM +'ERR(tnPARAM),act - 'ERR('nPARAM) ,allowed _ LCK(avg)], 0}

thPARAM

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

Clock Cycle Derating for Core Timing Parameters

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

For a given number of clocks (\nPARAM), when *CK(avg) plus (*ERR(nPARAM),act) ex-
ceed the supported cumulative tERR(nPARAM),allowed, derating is required. If the
equation below results in a positive value for a core timing parameter (*\CORE), the re-
quired clock cycle derating will be that positive value (in clocks).

t t =J1! tepp(t y
ClockCycleDerating = RU { PARAM +'ERR] nPARAI\iI),act— ERR| nPARAM),aJlowed} _tapaoare
CK(avg)

Cycle-time derating analysis should be conducted for each core timing parameter.

Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters (1S, tIH, tISb, tIHb) are measured from a com-
mand/address signal (CS or CA[5:0]) transition edge to its respective clock signal (CK_t/
CK_c) crossing. The specification values are not affected by the JIT(per) applied, be-
cause the setup and hold times are relative to the clock signal crossing that latches the
command/address. Regardless of clock jitter values, these values must be met.

Clock Jitter Effects on READ Timing Parameters

‘RPRE

When the device is operated with input clock jitter, ‘RPRE must be derated by the

YIT(per),act,max of the input clock that exceeds %JIT(per),allowed,max. Output derat-
ings are relative to the input clock:

tRPRE(min,derated) = 0.9 - tJIT(per),act,magé - (tJITiper),anowed,max
avg

For example, if the measured jitter into a LPDDR4 device has *CK(avg) = 625ps, {JIT(per),act,min
= —xx, and YJIT(per),actmax = +xx ps, then ‘RPRE,min,derated = 0.9 - (}}IT(per),act,max -
YIT (per),allowed,max)/*CK(avg) = 0.9 - (xx - xx)/xx = yy tCK(avg).
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These parameters are measured from a specific clock edge to a data signal transition (DMn

or DQm, where: n = 0,1; and m = 0-15, and specified timings must be met with respect to
that clock edge. Therefore, they are not affected by JIT(per).

tQSH, tQSL

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

tRPST

tRPST is affected by duty cycle jitter, represented by tCL(abs). Therefore, tRPST(abs)min can
be specified by tCL(abs)min. tRPST(abs)min = t*CL(abs)min - 0.05 = *QSL(abs)min.

Clock Jitter Effects on WRITE Timing Parameters

DS, tDH

These parameters are measured from a data signal (DMIn or DQm, where n =0, | and m

= 0-15) transition edge to its respective data strobe signal (DQSn_t, DQSn_c: n=0,1)
crossing. The specification values are not affected by the amount of tJIT(per) applied,
because the setup and hold times are relative to the data strobe signal crossing that latches
the command/address. Regardless of clock jitter values, these values must be met.

DSS, ‘DSH

These parameters are measured from a data signal (DQS_t, DQSn_c) crossing to its re-
spective clock signal (CK_t, CK_c) crossing. When the device is operated with input clock
jitter, this parameter needs to be derated by the actual tjir(peract Of the input clock in excess
of the allowed period jitter tyrperjaiowed.

‘DQSS

tDQSS is measured from a data strobe signal (DQSn_t, DQSn_c) crossing to its respec- tive
clock signal (CK_t, CK_c) crossing. When the device is operated with input clock jit- ter, this
parameter must be derated by the actual YJIT(per),act of the input clock in ex- cess of
YIT(per)allowed.

t in _ t ;
tDQSS(min,derated) = 0.75 - [ JIT(per),act,min - WJIT(per),allowed, min }

tCK(avg)

tDQSS(max,derated) = 1.25 - [tJIT(per),act,ma)‘icé;J(IT(p)er),allowed, max J
avg]

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

tDQSS,(min,derated) = 0.75 - (-xx + yy)/625 = xxxx *CK(avg)
tDQSS,(max,derated) = 1.25 - (xx - yy)/625 = xxxx ‘*CK(avg)
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LPDDR4 1.10V Vppg

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

Power-Up and Initialization - LPDDR4

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

Table 205: Mode Register Default Settings

Item Mode Register Setting Default Setting Description
FSP-OP/WR MRI13 OP[7:6] 00b FSP-OP/WR[0] are enabled
WLS MR2 OP[6] 0Ob 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 MRI1 OP[6:4] 000b nWR = 6
DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disa-
bled
CA ODT MRI1 OP[6:4] 000b CA ODT is disabled
DQ MRI1 OP[2:0] 000b DQ ODT is disabled
oDT
VREF(CA) setting MRI12 OP[6] Ib VRer(ca) range[ 1] is enabled
VRer(ca) value MRI12 OP[5:0] oolloib Rangel: 27.2% of Vbp2
VREF(DQ) setting MRI14 OP[6] Ib VRer(DQ) range[ 1] enabled
VRrer(pq) Value MR14 OP[5:0] oolloib Rangel: 27.2% of Vbbq
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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 206: Mode Register Assignments

Notes 1-5 apply to entire table

MR# | MA[5:0] Function Access | OP7 OP6 OP5 OP4 ‘ OP3 OP2 OPI OPO
0 00h |Device info R CATR RFU RFU RZQ RFU Latency REF
1 mode
| O0lh |Device feature | w RD-PST nWR (for AP) ‘ RD-PRE |WR-PRE BL
2 02h Device feature 2 w WR Lev| WLS WL RL
3 03h |1/O config-1 W | DBI-WR| DBI-RD PDDS PPRP ‘WR-PST‘ PU-CAL
4 04h Refresh and R/W TUF Thermal offset PPRE | SR abort Refresh rate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision ID|
7 07h Basic config-3 R Revision ID2
8 08h Basic config-4 R 1/0 width Density ‘ Type
9 09h |Test mode \a 4 Vendor-specific test mode
10 0Ah |1/O calibration w RF ZQRST
9)
T 0Bh |ODT w RFU CA ODT | RFU | DQ ODT
12 O0Ch | Vger(ca) RW RFU VRca VRer(ca
13 ODh |Register control | W | FSP-OP |[FSP-WR| DMD | RRO | VRCG T VRO | RPT | cBT
14 OEh  |Vgerpo) RW RFU VRbq VRer(DQ
15 OFh |DQI-LB w Lower-byte invert register for DQ) calibration
16 10h | PASR_Bank w PASR bank mask
17 IlTh | 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 I5h  |Vendor use \a 4 RFU
22 16h | ODT feature 2 w ODTD for x8_2ch | ODTD- | ODTE- | ODTE- SoC
CA cs CK oDT
23 17h | DQS oscillator w DQS oscillator run-time setting
stop
24 18h TRR control RW TRR TRR mode BAn Unlitd MAC value
mode MAC
25 I9h |PPR resources R B7 B6 BS | B4 B3 B2 | Bl | Bo
26-29 | IAh~ID - - Reserved for future use
h
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Notes I-5 apply to entire table
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MR# |MA[5:0]] Function [Access| OP7 | oPé | ops | op4 | op3 | or2 | oPI | OPO
30 IEh Reserved for \a 4 SDRAM will ignore
test
k]| IFh - - Reserved for future use
32 20h DQ calibration w See DQ calibration section
pattern A
33-38 | 21h=26h | Do not use - Do not use
39 27h Reserved for \a 4 SDRAM will ignore
test
40 28h DQ calibration \'2'4 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: |. 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.

Table 207: MRO Device Feature 0 (MA[5:0] = 00h)

oP7 ops | oOPs or4 | ors or2 oPI OP0
CATR RFU RZQI RFU Latency mode REF
Table 208: MR0O Op-Code Bit Definitions
Register Information Type OP Definition Notes
Refresh mode Read OP[0] |Ob: Both legacy and modified refresh mode supported Ib:
only Only modified refresh mode supported
Latency mode Read OP[I] |Ob: Device supports normal latency 56
only Ib: Device supports byte mode latency
Built-in self-test for RZQ in- Read OP[4:3] |00b: RZQ self-test not supported 01b: 1-4
formation only ZQ may connect to Vssq or float 10b:
ZQ may short to Vbpe
I 1b: ZQ pin self-test completed, no error condition de-
tected (ZQ may not connect to Vssq, float, or short to
Voba)
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Table 208: MRO Op-Code Bit Definitions (Continued)

Register Information Type OP Definition Notes
CA terminating rank Read OP[7] |0b: CA for this rank is not terminated 7
only Ib: CA for this rank is terminated

Notes:

I. RZQI MR value, if supported, will be valid after the following sequence:

- Completion of MPC[ZQCAL START] command to either channel

- Completion of MPC[ZQCAL LATCH] command to either channel then ‘ZQLAT is
satis- fied
RZQI value will be lost after reset.

. IfZQ is connected to Vssq to set default calibration, OP[4:3] must be setto 01b. IfZQ is

not connected to Vssq, either OP[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin as-
sembly error. It is recommended that the assembly error be corrected.

. In the case of possible assembly error, the device will default to factory trim settings for

Ron, and will ignore ZQ CALIBRATION commands. In either case, the device may not
function as intended.

. If the ZQ pin self-test returns OP[4:3] = | | b, 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

. 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 pack- age

with byte mode device.

. CATR indicates whether CA for the rank will be terminated or not as a result of ODTCA

pad connection and MR22 OP[5] settings for x16 devices, MR22 OP[7:5] settings for byte
mode devices.

Table 209: MR3 I/O Configuration | (MA[5:0] = 03h)

OP7

OPé

OP5 \ OP4 \ OP3 OoP2 OPI OP0

DBI-WR

DBI-RD

PDDS PPRP WR-PST PU-CAL
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Table 210: MR3 Op-Code Bit Definitions
Feature Type OP Definition Notes
PU-CAL OP[0] 0b: Vbpq/2.5 1-4
(Pull-up calibration point) Ib: Vbpbal (default)
WR-PST (WR postamble length) OP[1] Ob: WR postamble = 0.5 x tCK (default) 2,3,5
Ib: WR postamble = 1.5 x tCK
PPRP (Post-package repair protec- OP[2] Ob: PPR protection disabled (default) 6
tion) Ib: PPR protection enabled
PDDS 000b: RFU 1,2,3
(Pull-down drive strength) 001b: Rzoll
Write- 010b: Rz@/2
only OP[5:3] 011b: Rzl
100b: Rz/4
101b: Rzo/5
110b:Rz /6 (default)
I 11b: Reserved
DBI-RD OP[6] Ob: Disabled (default) 2,3
(DBI-read enable) Ib: Enabled
DBI-WR OP[7] Ob: Disabled (default) 2,3
(DBI-write enable) Ib: Enabled

Notes: |. Allvalues are typical. The actual value after calibration will be within the specified toler- ance

for a given voltage and temperature. Recalibration may be required as voltage and
temperature vary.

. There are two physical registers assigned to each bit of this MR parameter, designated set

point 0 and set point |. 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 |.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 (MRI13 OP[7]). The values in the registers for
the inactive set point will be ignored by the device, and may be changed without
affecting device operation.

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

1.5 x tCK apply > 1.6 GHz clock.

. IfMR3 OP[2]is set to Ib, 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 Ib to MR4
OP[4].
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Table 21 1: MRI12 Register Information (MA[5:0] = 0Ch)

OP7 OP6 OP5 | oP4 | oP3 | oP2 OPI | OPO

RFU VRca VRer(ca
)

Table 212: MR12 Op-Code Bit Definitions

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

e
VRca Read/ OP[6] |Ob: Vrer(ca) range[0] enabled 1,2,4,5,
VRer(ca) range Writ Ib: Vrer(ca) range[ 1] enabled (default) 6

e

Notes: |. This register controls the Vrer(ca) 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. A read to MRI2 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. A write to MR12 OP[5:0] sets the internal Vrer(ca) level for FSP[0] when MRI13 OP[6] =
Ob or sets the internal VRrer(ca) level for FSP[ 1] when MRI13 OP[6] = Ib. The time required
for VRer(ca) to reach the set level depends on the step size from the current level to the
new level. See the VRer(ca) training section.

4. A write to MRI12 OP[6] switches the device between two internal VrRer(ca) ranges. The
range (range[0] or range[1]) must be selected when setting the VRrer(ca) register. The val-
ue, 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 |. Only the registers for the set point determined by the state of the
FSP-WR bit (MRI13 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 |. 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 (MRI13 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 oper- ation.

Table 213: Mode Register 14 (MA[5:0] = 0Eh)

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] OP[2] OPI[I] OP[0]

RFU VRDQ VREF(DQ
)
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Table 214: MR14 Op-Code Bit Definition

Feature Type OP Definition Notes
VREF(DQ) Read/ OP[5:0] |[000000b-110010b: See Vrer Settings table 1-3,5,6
VREF(DQ) setting Writ All others: Reserved

VRbqQ € OP[6] |Ob: VRer(DQ) range[0] enabled 1,2,4-6
VRer(pQ) range Ib: Vrer(p@) range[ 1] enabled (default)

Notes:

. This register controls the Vrer(pq) levels for frequency set point[ 1:0]. Values from either

VRbpq [vendor defined] or VRbq [vendor defined] may be selected by setting OP[6] ap-
propriately.

. A read (MRR) to this register 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.

. A write to OP[5:0] sets the internal VrRer(pQ) level for FSP[0] when MRI13 OP[6] = 0b,

or sets FSP[1] when MRI3 OP[6] = Ib. The time required for VRer(pQ) to reach the set
level depends on the step size from the current level to the new level. See the VRer(DQ)
train- ing section.

A write to OP[6] switches the device between two internal VrRer(pQ) ranges. The

range (range[0] or range[ |]) must be selected when setting the VRrRer(DQ) 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 |. Only the registers for the set point determined by the state of the
FSP-WR bit (MRI13 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 |. 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 (MRI13 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 oper- ation.
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Range[0] Values Range[l] Values
VRrerca) (% of Vppy ) VRrerca) (% of Vppz )
Function OoP VrerpQ) (% of Vppg ) VRrerpq) (% of Vppg )

VREF OP[5:0] |000000b: 10.0% 011010b: 20.4% 000000b: 22.0% 011010b: 32.4%
setting for 000001b: 10.4% 011011b: 20.8% 000001b: 22.4% ol1011b: 32.8%
MI:II:Ia‘;nd 000010b: 10.8% 011100b: 21.2% 000010b: 22.8% 011100b: 33.2%

00001 1b: 11.2% 011101b: 21.6% 00001 1b: 23.2% ol1101b: 33.6%
000100b: 11.6% 0l11110b: 22.0% 000100b: 23.6% 0l1110b: 34.0%
000101b: 12.0% Ollll1b: 22.4% 000101b: 24.0% Olll11b: 34.4%
000110b: 12.4% 100000b: 22.8% 0001 10b: 24.4% 100000b: 34.8%
000111b: 12.8% 100001b: 23.2% 0001 11b: 24.8% 100001b: 35.2%
001000b: 13.2% 100010b: 23.6% 001000b: 25.2% 100010b: 35.6%
001001b: 13.6% 10001 1b: 24.0% 001001b: 25.6% 100011b: 36.0%
001010b: 14.0% 100100b: 24.4% 001010b: 26.0% 100100b: 36.4%
001011b: 14.4% 100101b: 24.8% 001011b: 26.4% 100101b: 36.8%
001100b: 14.8% 100110b: 25.2% 001100b: 26.8% 100110b: 37.2%
001101b: 15.2% 100111b: 25.6% 001101b: 27.2% de- 100111b: 37.6%
fault
001110b: 15.6% 101000b: 26.0% 001110b: 27.6% 101000b: 38.0%
001111b: 16.0% 101001b: 26.4% 001111b: 28.0% 101001b: 38.4%
010000b: 16.4% 101010b: 26.8% 010000b: 28.4% 101010b: 38.8%
010001b: 16.8% 101011b: 27.2% 010001b: 28.8% 101011b: 39.2%
010010b: 17.2% 101100b: 27.6% 010010b: 29.2% 101100b: 39.6%
010011b: 17.6% 101101b: 28.0% 010011b: 29.6% 101101b: 40.0%
010100b: 18.0% 101110b: 28.4% 010100b: 30.0% 101110b: 40.4%
010101b: 18.4% 101111b: 28.8% 010101b: 30.4% 101111b: 40.8%
0l10110b: 18.8% 110000b: 29.2% 010110b: 30.8% 110000b: 41.2%
010111b: 19.2% 110001b: 29.6% 0l0111b: 31.2% 110001b: 41.6%
011000b: 19.6% 110010b: 30.0% 011000b: 31.6% 110010b: 42.0%
011001b: 20.0% All others: Reserved 011001b: 32.0% All others: Reserved

Notes: |. These values may be used for MR14 OP[5:0] and MRI12 OP[5:0] to set the VRer(ca) or

VREr(DQ) levels in the device.

2. The range may be selected in each of the MR14 or MRI2 registers by setting OP[6] ap-

propriately.

3. Each of the MR14 or MRI2 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 termina-
ted and unterminated operation or between different high-frequency settings, which

may use different terminations values.
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Table 216: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OP4 OP3 OP2 OPI ‘ OPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT

Table 217: MR22 Register Information

Function Type OP |Data Notes
SOC ODT (controller ODT val-| Write- |OP[2:0]|000b: Disable (default) 001b: 1,2,3
ue for VoH calibration) only Rzoll

010b: Rz@/2

0l1b: Rzl

100b: Rz/4

101b: RzQ/5

110b: Rzqlb

111b: RFU
ODTE-CK (CK ODT enabled Write- OP[3] |0b: ODT-CK override disabled (default) 2,3,4,6,8
for non-terminating rank) only Ib: ODT-CK override enabled
ODTE-CS (CS ODT enabled Write- OP[4] |0b: ODT-CS override disabled (default) 2,3,5,6,8
for non-terminating rank) only Ib: ODT-CS override enabled
ODTD-CA (CA ODT termina- Write- OP[5] |0b: CA ODT obeys ODT_CA bond pad (default) 2,3,6,7,8
tion disable) only Ib: CA ODT disabled
ODTD for x8_2ch (Byte) mode Write- |OP[7:6]|See Byte Mode section

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

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

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

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

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

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

8. To ensure proper operation in a multi-rank configuration, when CA, CK or CS ODT is en-
abled via MRI | OP[6:4] and also via MR22 or ODT_CA pad setting, the rank providing
ODT will continue to terminate the command bus in all DRAM states including Active,
Self-refresh, Self-refresh Power-down, Active Power-down and Precharge Power-down.
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Burst READ Operation - LPDDR4 ATE Condition

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

tHZ 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 out- put
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 lon- ger driving
tHZ(DQS) and *HZ(DQ), or begins driving ‘LZ(DQS) and ‘*LZ(DQ), by meas- uring the
signal at two different voltages. The actual voltage measurement points are not critical as
long as the calculation is consistent. The parameters *LZ(DQS), ‘LZ(DQ), tHZ(DQS), and
tHZ(DQ) are defined as single ended.

tLZ(DQS) and *tHZ(DQS) Calculation for ATE (Automatic Test Equipment)
Figure 181: *LZ(DQS) Method for Calculating Transitions and Endpoint

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

CKt — —\))
\n ’l" I\\ || [
CK_c | S— i l
1LZ(DQS)
- 1w
Vi Sy ;=== DQSC
0.5x VOH ...........................
,/ . End point: Extrapolated point
OVaiaas i - SPPRREE PROERAN L -
Notes:

I. Conditions for calibration: Pull down driver Ron =40 ohms, VoH = Vbbpa/3.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq.

3.  The Von level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vo value for tHZ and ‘LZ measurements.
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Figure 182: *tHZ(DQS) Method for Calculating Transitions and Endpoint

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

CK_t
CK_c /
tHZ(DQS)
é Z End point: Extrapolated point
Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, Vo = Vbpq/3.

2. Termination condition for DQS_t and DQS_C =50 ohms to Vssq.

3. The VoH level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vo value for *tHZ and 'LZ measurements.

Table 218: Reference Voltage for tLZ(DQS), *tHZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswl Vsw2 Unit
DQS_c Low-Z time tLZ(DQS) 0.4 x Vou 0.6 x Vou v
from CK_t, CK_c
DQS_c High-Z time tHZ(DQS) 0.4 x Von 0.6 X VoH
from CK_t, CK_c
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fLZ(DQ) and *HZ(DQ) Calculation for ATE (Automatic Test Equipment)
Figure 183: *LZ(DQ) Method for Calculating Transitions and Endpoint

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

CK_t
GK €
tLzZ(DQ) 2 2_»
e — R TEEEIN »/e
/
Vv
0 SXVOH_ ______________________ e
sz1
/ g :
/ End point: Extrapolated point
7o T i
Notes:
I. Conditions for calibration: Pull down driver Ron =40 ohms, VoH = Vbbpa/3.
2. Termination condition for DQ and DMI = 50 ohms to Vssq.
3. The Von level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-

ances. Use the actual Von value for *tHZ and 'LZ measurements.

Figure 184: ‘HZ(DQ) Method for Calculating Transitions and Endpoint

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

HZ(DQ)
i ( End point: Extrapolated point

Ry, ey

OH

Notes: 1. Conditions for calibration: Pull down driver Ron =40 ohms, VoH = Vbpq/3.

2. Termination condition for DQ and DMI = 50 ohms to Vssq.

3. The Von level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vou value for *tHZ and ‘'LZ measurements.
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Table 219: Reference Voltage for 'LZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswi Vsw2 Unit
DQ Low-Z time ‘L Z(DQ) 0.4 x Vou 0.6 X Von v
from CK_t, CK _c
DQ High-Z time tHZ(DQ) 0.4 x Vou 0.6 x VoH
from CK_t, CK ¢
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The device's internal Vger(ca) specification parameters are operating voltage range, step

size, Vrer step time, Veer full-range step time, and Vger valid level.

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

Table 220: Internal Vrerca) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(CA),max_r0 VREF(cA) range-0 MAX - - 30% Vbp2 I, 11
operat- ing point
vREF(CA),minJO VREF(CA) range-o MIN 10% - - VDDZ I, 11
operat- ing point
vREF(CA),max_I"I VREF(CA) range-l MAX - - 42% VDDZ I, 11
operat- ing point
vREF(CA),minJ'l VREF(CA) range-l MIN 22% - - VDD2 |, 11
operat- ing point
VREF(CA),step VREF(CA) Step size 0.30% 0.40% 0.50% Vbb2 2
VREF(CA),set_tol VREF(cA) set tolerance -1.00% 0.00% 1.00% Vbb2 3,4,6
-0.10% 0.00% 0.10% Vbb2 3,57
*Vrer_TIME- | VREF(cA) step time - - 100 ns 8
SHORT
*“Vrer_TIME- - - 200 ns 12
MIDDLE
“Vrer_TIME-LONG - - 250 ns 9
thEF_time_weak - - | ms |3| 14
vREF(CA)?VaLtOl VREF(CA) valid tolerance -0.10% 0.00% 0.10% VDDZ 10
Notes: |. Vrerca) DC voltage referenced to Vppz(pc).

2. VREer(ca) step size increment/decrement range. Vrerca) at DC level.

3. VREF(CA),new = VREF(CA),old * N X VREF(CA),step; N = number of steps; if increment,
use "+"; fdecrement, use "-".

4. The minimum value of VRer(ca) setting tolerance = VRer(cA),new - 1.0% X Vpp2. The
maxi- mum value of VReF(cA) setting tolerance = VRer(cA),new + 1.0% % Vpp2. For
n>4.

5. The minimum value of VRer(ca) setting tolerance = VREF(cA),new - 0.10% X Vpp2. The
maxi- mum value of VRer(ca) setting tolerance = VRer(cA),new + 0.10% X Vpp2. For
n<4.

6. Measured by recording the minimum and maximum values of the VRrer(ca) output over
the range, drawing a straight line between those points and comparing all other
VREF(CA) output settings to that line.

7. Measured by recording the minimum and maximum values of the VRrer(ca) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar- ing
all other VRer(ca) output settings to that line.

8. Time from MRW command to increment or decrement one step size for VRer(ca).

9. Time from MRW command to increment or decrement VREF,min t0 VREF,max OF
VREF,max to VREF,min change across the VRer(ca) range in VRer voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica- ble
for normal mode of operation. Vrer valid is to qualify the step times which will be
characterized at the component level.
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11. DRAM range-0 or range-1 set by MR12 OP[6].

12. Time from MRW command to increment or decrement more than one step size up to a
full range of VRrer voltage within the same VRer(ca) range.

13. Applies when VRCG high current mode is not enabled, specified by MRI13 [OP3] = Ob.

14. *Vger_time_weak covers all VRer(ca) range and value change conditions are applied to
*Vrer_TIME-SHORT/MIDDLE/LONG.

Internal Vgerpq) Specifications

The device's internal Verer(pg) specification parameters are operating voltage range, step size,
Vrer step tolerance, Vger step time and Vger valid level.

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

Table 221: Internal Vrerpq) Specifications

Symbol Parameter Min Typ Max Unit Notes
vREF(DQ),max,rO VRrRer MAX operating - - 30% VDDQ |, I
point Range-0
VREF(DQ),min_r0 VRrer MIN operating 10% - - Vbbo 1,11
point Range-0
vREF(DQ),max,rI VrRer MAX operating - - 42% VDDQ |, 11
point Range-I|
VREF(DQ),min_rl VRrer MIN operating 22% - - Vbbo 1,11
point Range-|
vREF(DQ),step VREF(DQ) step size 0.30% 0.40% 0.50% VDDQ 2
VREF(DQ)set_tol VREF(DQ) set tolerance -1.00% 0.00% 1.00% Vbbo 3,4,6
-0.10% 0.00% 0.10% Vbbo 3,5,7
*Vrer_TIME- | VREF(DQ) step time - - 100 ns 8
SHORT
“Vrer_TIME- - - 200 ns 12
MIDDLE
“Vrer_TIME-LONG - - 250 ns 9
thEFftimefweak - - | ms |3) 14
VREF(DQ),val_tol VREF(DQ) valid tolerance -=0.10% 0.00% 0.10% Vbbo 10
Notes: |. VRrRer(pQ) DC voltage referenced to Vbpo(pc).

2. VRer(pQ) step size increment/decrement range. Vrer(pQ) at DC level.

3. VREF(DQ),new = VREF(DQ),old + N X VREF(DQ),step; N = number of steps; ifincrement,
use "+"; f[decrement, use "-".

4. The minimum value of Vrer(pQ) setting tolerance = VRer(pQ),new - 1.0% X Vbpq. The
maxi- mum value of VRer(pQ) setting tolerance = VREr(DQ),new + 1.0% % Vppq. For
n>4.

5. The minimum value of Vrer(pg)setting tolerance = VRer(DQ),new - 0.10% % Vpbq. The
maxi- mum value of VRer(pQ) setting tolerance = VRer(pQ),new + 0.10% % Vbpq. For
n<4.

6. Measured by recording the minimum and maximum values of the VRer(pQ) output over
the range, drawing a straight line between those points and comparing all other
VREF(DQ) output settings to that line.

7. Measured by recording the minimum and maximum values of the VRer(pQ) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar- ing
all other VRer(DQ) output settings to that line.

8. Time from MRW command to increment or decrement one step size for VREF(DQ) -
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. Time from MRW command to increment or decrement VREF,min t0 VREF,max OF

VREF,max to VREF,min change across the VRer(b@) Range in VRer(b@) Voltage.

. Only applicable for DRAM component level test/characterization purposes. Not applica- ble

for normal mode of operation. Vrer valid is to qualify the step times which will be
characterized at the component level.

DRAM range-0 or range-1 set by MR14 OP[6].

Time from MRW command to increment or decrement more than one step size up to a
full range of VRer voltage within the same VRrer(pQ) range.

Applies when VRCG high current mode is not enabled, specified by MRI13 [OP3] = 0.
tVREF_time_weak covers all VRer(pQ) Range and Value change conditions are applied to
tVrer_TIME-SHOR/MIDDLE/LONG.
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Command Definitions and Timing Diagrams - LPDDR4

Pull Up/Pull Down Driver Characteristics and Calibration

Table 222: Pull-Down Driver Characteristics — ZQ Calibration

/\.\ o
XSEMITRON
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Table 223: Pull-Up Characteristics — ZQ Calibration

Ronpp,nom Register Min Nom Max Unit
40 ohms Ron4orp 0.90 1.0 1.10 Rzolb
48 ohms Ron4gPD 0.90 1.0 1.10 Rzal5
60 ohms Roneéorp 0.90 1.0 1.10 Rzol4
80 ohms RonsorD 0.90 1.0 1.10 Rz}
120 ohms Roni20pD 0.90 1.0 1.10 Rzol2
240 ohms Ronz240PD 0.90 1.0 1.10 Rzall

Note: |. Allvalue are after ZQ calibration. Without ZQ calibration, Ronrpp values are #30%.

Table 224: Terminated Valid Calibration Points

2. VoHn,nom (mV) values are based on a nominal Vppq = I.1V.

VoHpu,nom VoH,nom Min Nom Max Unit
VbbpQ/2.5 440 0.90 1.0 1.10 VoH,nom
Vbbbl 367 0.90 1.0 1.10 VoH,nom
Notes: |. Allvalue are after ZQ calibration. Without ZQ calibration, Ronpp values are £30%.

be changed without recalibration.

ODT Value
Vonpru 240 120 80 60 48 40
Vbbo/2.5 Valid Valid Valid DNU DNU DNU
Voboll Valid Valid Valid Valid Valid Valid
Notes: |. Once the outputis calibrated for a given VoHnom) calibration point, the ODT value may

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

A simple functional representation of the DRAM ODT feature is shown below.
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Figure 185: ODT for CA
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ODT Mode Register and ODT State Table

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

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

The die has a bond pad (ODT_CA) for multirank operations. When the ODT_CA pad is
LOW, the die will not terminate the CA bus regardless of the state of the mode register
CA ODT bits (MRI11 OP[6:4]). If, however, the ODT_CA bond pad is HIGH and the mode
register CA ODT bits are enabled, the die will terminate the CA bus with the ODT values
found in MRI1 | OP[6:4]. In a multirank system, the terminating rank should be trained first,
followed by the non-terminating rank(s).

Table 225: Command Bus ODT State

CA ODT ODT_CA ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MRII[6:4] | Bond Pad | MR22OP[5] | MR22 OP[3] | MR22OP[4] | for CA for CK for CS

Disabled' Valid? Valid3 Valid3 Valid3 Off Off Off
Valid 3 0 Valid? 0 0 Off Off Off
Valid 3 0 Valid3 0 | Off Off On
Valid 3 0 Valid? | 0 Off On Off
Valid 3 0 Valid3 | | Off On On
Valid 3 | 0 Valid3 Valid? On On On
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Table 225: Command Bus ODT State (Continued)

CA ODT ODT_CA ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MRI 1[6:4] Bond Pad MR22 OP[5] | MR22 OP[3] | MR22 OP[4] for CA for CK for CS
Valid 3 | | Valid? Valid? Off On On
Notes: Default value.

Valid = H or L (a defined logic level)
Valid=0or I.

The state of ODT_CA is not changed when the device enters power-down mode. This
maintains termination for alternate ranks in multirank systems.

HwnN -

ODT Mode Register and ODT Characteristics

Table 226: ODT DC Electrical Characteristics for Command/Address Bus — up to 3200 Mb/s

Rzq Q %1% over entire operating range after calibration
MRI| OP[6:4] Rrr Vour Min Nom Max Unit Notes

001b Q| Voupe =0.1% Vpp, 0.8 1.0 LI Rzoll 1,2
Vompc) = 0.33 X Vppy 0.9 1.0 11
Voupcey = 0.5 * Vpp, 0.9 1.0 1.2

010b 2 Voipe) =0.1 % Vpp, 0.8 1.0 1 Rzol? 1,2
Vom(pc) = 0.33 X Vpp, 0.9 1.0 11
Vonpc) = 0.5 X Vpp, 0.9 1.0 1.2

ol lb Q Voupe) = 0.1 % Vpp, 0.8 1.0 LI Rzof3 1,2
Vompc) = 0.33 X Vppy 0.9 1.0 11
Voupce) = 0.5 * Vpp, 0.9 1.0 1.2

100b Q Vouocy = 0.1 X Vpp, 0.8 1.0 LI Rzold 1,2
V om(pc) =0.33 X Vpp; 0.9 1.0 1.1
Vonpc) = 0.5 % Vpp, 0.9 1.0 1.2

101b Q Vovrpcy =0.1 X Vpp, 0.8 1.0 1.1 Rzal5 1,2
Vompc) = 0.33 X Vppy 0.9 1.0 11
Von(pc) = 0.5 % Vpp; 0.9 1.0 1.2

110b Q Vovrpcy = 0.1 * Vpp, 0.8 1.0 11 Rzolb 1,2
Vom(pc) = 0.33 X Vpp, 0.9 1.0 1.1
Vonpc) = 0.5 % Vpp, 0.9 1.0 1.2

Mismatch, CA -CA within clock 0.33 x Vbp2 - - 2 % 1,2,3
group

Notes: |. The tolerance limits are specified after calibration with stable temperature and voltage.

To understand the behavior of the tolerance limits when voltage or temperature

changes after calibration, see the section on voltage and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 % Vpp2. Other cali-
bration points may be required to achieve the linearity specification shown above, for

example, calibration at 0.5 X Vpp2 and 0.1 X Vppa.

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

(MAX)- R, (MIN)
Roor (AVG)

CA-to-CA mismatch = Roor
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Table 227: ODT DC Electrical Characteristics for Command/Address Bus — Beyond 3200 Mb/s

Rzq =240Q *1% over entire operating range after calibration

MRI1 OP[6:4] Ryr Vour Min Nom Max Unit Notes

001b 2 Voupc) =01 X Vo, 0.8 1.0 X Rzoll 1,2
Vom(pc) = 0.33 X Vpp, 0.9 1.0 11
Vonpc) = 0.5 % Vpp, 0.9 1.0 1.3

010b 2] Voupe)=0.1 % Vo, 0.8 1.0 LI Rzol2 1,2
Vompcy = 0.33 % Vpp,; 0.9 1.0 1.1
Voupce) = 0.5 * Vpp, 0.9 1.0 1.3

0llb Q Voroc) = 0-1 X Voo 0.8 1.0 X Rzol 1,2
Vompc) = 0.33 X Vpp, 0.9 1.0 11
Vonpc) = 0.5 % Vpp, 0.9 1.0 1.3

100b Q Voroo) = 0-1 X Vpp; 0.8 1.0 LI Rzold 1,2
V omc) = 0.33 X Vpp, 0.9 1.0 11
Voupc) = 0.5 * Vpp, 0.9 1.0 1.3

101b Q Voroc) = 0-1 X Vop 0.8 1.0 X Rzl 1,2
Vom(pc) = 0.33 X Vpp, 0.9 1.0 11
Vonpc) = 0.5 % Vpp, 0.9 1.0 1.3

110b Q Voroo) = 0-1 X Vo, 0.8 1.0 LI Rzl 1,2
Vompc) = 0.33 X Vppy 0.9 1.0 11
Voupce) = 0.5 * Vpp, 0.9 1.0 1.3

Mismatch, CA -CA within clock 0.33 % Vbm - - 2 % 1,2,3
group

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

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vpp2. Other cali-
bration points may be required to achieve the linearity specification shown above, e.g.
calibration at 0.5 X Vpp2 and 0.1 X Vppa.

3. CA to CA mismatch within clock group variation for a given component including CK__t,
CK_c ,and CS (characterized).

CA-to-CA mismatch = Roor (MAX) -R,,; (MIN)
Roor (AVG)

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-I command and other mode register control information. The value of
Rrris determined by the MR bits.

R = VOUT
T

ouT
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Figure 186: Functional Representation of DQ ODT
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Table 228: ODT DC Electrical Characteristics for DQ Bus— up to 3200 Mb/s

Rzq =240Q %1% over entire operating range after calibration
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MRI1 OP[2:0] Rer Vour Min Nom Max Unit Notes
001b 2 Vorpe) =01 % Vpng 0.8 1.0 X Rzall 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 11
VOH(DC) =0.5 X Vppo 0.9 1.0 1.2
010b 2] Vorpe) =01 % Voo 0.8 1.0 X Rzol2 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 11
Vonpc) = 0.5 ¥ Vppg 0.9 1.0 1.2
0llb Q Voroc) =01 % Vpng 0.8 1.0 X Rzol3 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 1.1
Vonpc) = 0.5 X Vppg 0.9 1.0 1.2
100b Q Voroe) = 0.1 % Vppg 0.8 1.0 X Rzol4 1,2
V ompc) = 0.33 X Vppq 0.9 1.0 11
Von(pc) = 0.5 ¥ Vppg 0.9 1.0 1.2
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Table 228: ODT DC Electrical Characteristics for DQ Bus— up to 3200 Mb/s (Continued)

Rzq =240Q £1% over entire operating range after calibration

MRI11 OP[2:0] Rrr Vour Min Nom Max Unit Notes
101b Q Vovrpcy = 0.1 X Vppg 0.8 1.0 1.1 Rzql5 1,2
Vompc) = 0.33 x Vppq 0.9 1.0 1.1
Voupc) = 0.5 X Vppg 0.9 1.0 1.2
110b Q Vovrpc) = 0.1 X Vppq 0.8 1.0 1.1 Rzolb 1,2
Vom(pc) = 0.33 X Vppg 0.9 1.0 1.1
Vonpc) = 0.5 X Vppg 0.9 1.0 1.2
Mismatch error, DQ-to-DQ 0.33 x Vbbo - - 2 % 1,2,3
with- in a channel
Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and

voltage. To understand the behavior of the tolerance limits when voltage or tempera-
ture changes after calibration, see the following section on voltage and temperature
sensitivity.

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

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

DQ-to-DQ mismatch= Ropr (MAX) - R, (MIN)
RODT (AVG)

Table 229: ODT DC Electrical Characteristics for DQ Bus — Beyond 3200 Mb/s

Rzq =240Q %1% over entire operating range after calibration

MRI| OP[2:0] Rrr Vour Min Nom Max Unit Notes

001b Q Vovrpc) = 0.1 X Vppg 0.8 1.0 1.1 Rzoll 1,2
Vompc) = 0.33 X Vppg 0.9 1.0 11
Von(pc) = 0.5 ¥ Vppg 0.9 1.0 1.3

010b Q| Voupe = 0.1 % Vppgo 0.8 1.0 X Rzoll 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 1.1
Vonpc) = 0.5 X Vppg 0.9 1.0 13

0l1b Q Vovrpcy = 0.1 * Vppg 0.8 1.0 N Rzol3 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 1.1
Vonpc) = 0.5 X Vppg 0.9 1.0 13

100b Q Voroc) =01 % Vpng 0.8 1.0 I Rzold 1,2
V om(pc) = 0.33 X Vppq 0.9 1.0 11
Vonpc) = 0.5 X Vppg 0.9 1.0 1.3

101b Q Vovrpcy = 0.1 X Vppg 0.8 1.0 1.1 Rzol5 1,2
Vompc) = 0.33 X Vppq 0.9 1.0 1.1
Vonpc) = 0.5 X Vppg 0.9 1.0 1.3
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Table 229: ODT DC Electrical Characteristics for DQ Bus — Beyond 3200 Mb/s (Continued)

Rzq =240Q *1% over entire operating range after calibration

MRI11 OP[2:0] Rrr Vour Min Nom Max Unit Notes
110b Q Vovrpc) = 0.1 X Vppq 0.8 1.0 1.1 Rzalb 1,2
Vom(pc) = 0.33 X Vppg 0.9 1.0 1.1
Voupc) = 0.5 * Vppg 0.9 1.0 1.3
Mismatch error, DQ-to-DQ 0.33 x Vbpo - - 2 % 1,2,3
with- in a channel

Notes: |. The ODT tolerance limits are specified after calibration with stable temperature and

voltage. To understand the behavior of the tolerance limits when voltage or tempera-

ture changes after calibration, see the following section on voltage and temperature

sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vppq. Other cali-
bration points may be required to achieve the linearity specification shown above, for
example, calibration at 0.5 X Vbpq and -0.1 X Vppq.

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

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

Output Driver and Termination Register Temperature and Voltage Sensitivity

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

Table 230: Output Driver and Termination Register Sensitivity Definition

Table 231: Output Driver and Termination Register Temperature and Voltage Sensitivity

Definition

Resistor Point Min Max Unit | Notes

Ronpp 0.33 x Vppq 90 - (dRoNdT AT]) - (dRonNdv 110 + (dRonNdT AT|) + (dRonNdv % 1,2
AV)) AV))

VoHpPuU 0.33 X Vbpe 90 - (dVoHdaT AT]) - (dVoHdav 110+ (dVoHdr AT]|) + (dVoHav 1,2,5
AV)) AV))

Rrraio) 0.33 x Vppq 90 - (dRonNdT AT]) - (dRoNdav 110 + (dRonNdT AT]) + (dRondv 1,2,3
AV)) AV])

Rrrany 0.33 x Vpp2 90 - (dRonNdT AT]) - (dRondav 110 + (dRonNdT AT|) + (dRonNdv 1,2,4
AV)) AV))

Notes: |. AT =T - T(@calibration), AV =V - V(@calibration)

2. dRondT, dRoNdv, dVoHdT, dVoHdv, dRTTdv, and dRTT4T 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 Vonpu.

Symbol Parameter Min Max Unit
dRongT Ron temperature sensitivity 0 0.75 %I°C
dRonav Ron voltage sensitivity 0 0.20 %lmV
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Table 23 1: Output Driver and Termination Register Temperature and Voltage Sensitivity (Contin-
ued)

Symbol Parameter Min Max Unit
dVondar VoH temperature sensitivity 0 0.75 %I°C
dVonav VoH voltage sensitivity 0 0.35 %ImV
dR11gT Rt temperature sensitivity 0 0.75 %I°C
dRy1av RrT voltage sensitivity 0 0.20 %ImV

AC and DC Operating Conditions - LPDDR4

Recommended DC Operating Conditions

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

Table 232: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vbpi 1.7 1.8 1.95 Core | power \'4 1,2
Vbb2 1.06 1.1 1.17 Core 2 power/Input buffer power \4 1,2,3
Vbbo 1.06 1.1 1.17 1/0 buffer power \'4 2,3

Notes: |. Vbpi uses significantly less power than Vppa.

2. The voltage range is for DC voltage only. DC voltage is the voltage supplied at the
DRAM and is inclusive of all noise up to 20 MHz at the DRAM package ball.

3. The voltage noise tolerance from DC to 20 MHz exceeding a peak-to-peak tolerance of
45mV at the DRAM ball is not included in the TdIVW.

Output Slew Rate and Overshoot/Undershoot specifications - LPDDR4

Single-Ended Output Slew Rate

Table 233: Single-Ended Output Slew Rate

Note |I-5 applies to entire table

Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Von = Vbpo/3) SRQse 35 9.0 Vins
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -

Notes: |. 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 repre-

sents 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 VoLac)
=0.2 % VOH(DC) and VOH(AC) =0.8 x VOH(DC)'

5. Slew rates are measured under average SSO conditions with 50% of the DQ signals per
data byte switching.
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Figure 187: Single-Ended Output Slew Rate Definition
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Table 234: Differential Output Slew Rate
Note |-4 applies to entire table

Value

Parameter Symbol Min Max Units
Differential output slew rate (Von = Vbpo/3) SRQdiff 7 18 Vins

Notes: |. SR = Slew rate; Q = Query output; se = Differential signal
2. Measured with output reference load.
3. The output slew rate for falling and rising edges is defined and measured between
Vorac) = =0.8 X Vo pcyand Vopac) = 0.8 X Voupey
4. Slew rates are measured under average SSO conditions with 50% of the DQ signals per
data byte switching.
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Figure 188: Differential Output Slew Rate Definition
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LVSTL I/O System - LPDDR4

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

Figure 189: LVSTL 1/O Cell
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To ensure that the target impedance is achieved, calibrate the LVSTL I/O cell as follow- ing
example:

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

* Set strength control to minimum setting
* Increase drive strength until comparator detects data bit is less than Vppo/3
* NMOS pull-down device is calibrated to 120 ohms

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

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

* Set strength control to minimum setting
* Increase drive strength until comparator detects data bit is greater than Vou target
* NMOS pull-up device is calibrated to Vou target
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Figure 190: Pull-Up Calibration
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