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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 Vppo Opera-
tion. When using the product asan LPDDR4 device,

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

A Ultra -low-voltage core and I/O power supplies
0 Vop: =1.7081.95V; 1.80V nominal

0 Vopz =1.0681.17V; 1.10V nominal

0 Vopg =1.0601.17V; 1.10V nominal

or low Vppg = 0.5780.65V; 0.60V nominal

A Frequency range

0 1600810MHz (data rate range: 3200820 Mbps/pin)
0 18663810 MHz (data rate range: 3733820 Mbps /pin)
0 2133810 MHz (data rate range: 4266820 Mbps /pin)

A 16n prefetch DDR architecture

A 8 internal banks per channel for concurrent opera -
tion

A Single-data-rate CMD/ADR entry

A Bidirectional/differential ~ data strobe per byte lane

A Programmable READ and WRITE latencies (RL/WL)

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

A Directed per -bank refresh for concurrent bank op -
eration and easeof command scheduling

A Up to 8.5GBIs per die

R On-chip temperature sensor to control self refresh
rate

A Partial -array self refresh (PASR)

A Selectable output drive strength (DS)

A Clock -stop capability

A RoHS-compliant, 6 g r e packaging

A Programmable Vss(ODT) termination

A Single-ended CK and DQS support

A Improved 'RFCab/RFCpb = 280ns/140ns

Table 1: Key Timing Parameters

\-/
Options

A VDDl/VDoz/VDDQ: 1.80Vv/1.10V/1.10V or 0.60V

A Array configuration
d 2Gig x 32 (2 channels 246 1/0O x 2 ranks)

A Device configuration
0 4die in package
A FBGA 0 g r e package
0 200-ball TFBGA (10mm x 14.5mm x
1.1mm, @0.40 SMD)

A Speed grade, cycle time
0 468ps @ RL =36/40

A Operating temperature range
o} 025 to +85C
OIT :825C to +95C
OAT 40 to +105C

Note: 1. Based on automotive usage model. Contact

Clock Rate Data Rate WRITE Latency READ Latency

(MH2z) (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

XS=EMITRON
\-/

1G16 1G32 2G32
(16 Gb/Package) (32 Gb/Package) (64 Gb/Package)
Die organization in Channel A, rank 0 46 mode x 1 die 16 mode x 1die 46 mode x 1die
the package Channel A, rank 1 o} o} 46 mode x 1 die
Channel B, rank 0 0 A6 mode x 1die A6 mode x 1die
Channel B, rank 1 o} o} 46 mode x 1 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: 1. 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 16Gblow-power DDR4 SDRAM(LPDDRA4)or low Vppo (LPDDR4X)isahighspeed CMOS dynamic random
access memory device. Thid@nk device is internally configredwith 26 1/O.

Eachofthe 16 2,147,483,64®it bankssorganizedas131,072ows by 1024columnsby 16 bits.
Throughout the data sheet, figures and text refer to DQs as DQ. DQ should be interfgd asanyor allDQ
collectivelyunlessstatedotherwise.

DQS and CK should be interpreted as DQS _t, DQS_c and CK_t, CK_c respectivelessstatedotherwise.CA
includesallCA pinsusedfor agivendensity.

In timing diagrams, CMD is used as an indicator only. Actual signals occur on CMBIBRNdicatesVREF(CA)

andVREF(DQ)

Complete functionalitymay be describedthroughout the entire document.Any pageor
diagranmayhavebeensimplifiedo conveyatopic andmaynot beinclusiveof allre- quirements.

Any specificrequirementtakesprecedenceover a generalstatement.

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

For singleended CK and DQS features or specifications, refer to the LPDDR4X SibgidedCK andDQS
Addendum.
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Package Block Diagrams

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

Vop:r Vbp2 Vss Vbbo

‘ ‘ ; ‘ Vbbo
Die RZ
ZQ0
RESET_hn » > » Q
csg:—:i = - » 1—» DMI[1:0]_A
CKEO- > LPDDR4 DQ[15:0]_A
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CK_t-A—o0—# > DQS[1:0]_c_A
CK c A
CA[5:0]_A ODT_CA — ODT_CA_A
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CS0_BCK s
_ EO=BT > - #—o= DMI[1:0]_B
> LPDDR4 DQ[15:0] B
gE_t_BB Channel B DQS[1:0] t B
c .
— - DQS[1:0]_c_B
cABOL B | T sI1:0]
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channel| is wired to VV ssin the package
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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) hasits own clock pair.
CKEO_A, CKE1_A, Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals, in-

CKEO_B, CKE1_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.
CSO_A, CS1_A, Input Chip select: Each channel (A, B) hasits own CS signals.
CS0_B,CS1_B
CA[5:.0_A, Input Command/address inputs: Provide the command and address inputs according to the
CA[5:.0]_B command truth table. Each channel (A, B) hasits own CA signals.
ODT_CA_A, Input LPDDR4 CA ODT control: The ODT_CA pin isusedin 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 MR11 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.
DQ[15:0]_A, 110 Data input/output:  Bidirectional data bus.
DQI[15:0]_B
DQS[1:0]_t_A, /0 Data strobe: DQS_t and DQS_c are bi-directional differential output clock signalsused to
DQS[1:0]_c_A, strobe data during a READ or WRITE. The data strobe is generated by the DRAM for a
DQS[1:0]_t_B, READ and is edge-aligned with data. The data strobe is generated by the SoC memory
DQS[1:0] c B controller for aWRITE and istrained to precede data. Each byte of data hasadata strobe
signal pair. Each channel (A, B) hasits 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 isinverted on the bus. For data bus
inversion (DBI), the DMI signal is driven HIGH when the data on the data busisinver - ted, or
driven LOW when the data isin 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 (seethe 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 hasa DMI signal. Each channel hasits own DMI signals.
ZQ0, ZQ1 Reference | ZQ calibration reference: Used to calibrate the output drive strength and the termina - tion

resistance. The ZQ pin shall be connected to Vbbg through a240m 4% resistor.

Voo Voois Vo2 Supply |Power supplies: Isolated on the die for improved noise immunity.

Vss Supply |Ground reference: Power supply ground reference.
DNU o} Do not use: Must be grounded or left floating.
NC o] No connect: Not internally connected.
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Figure 9: 200-Ball TFBGA 8 10mm x 14.5mm x 1.1mm

Vv~V v = Seating plane
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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).




XS47R8GCDx

l \ ™

Mobile-LPDDR4 / 4X XSeMiTrRON

MRO, MR[6:5], MR8, MR13, MR24 Definition

Table 6: Mode Register Contents

Notes 1 and 2 apply to entire table.

i

these packages.

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

Mode Register OP7 OP6 OP5 OP4 OP3 OoP2 OP1 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] = 1b: Device supports single-ended mode
MR5 Manufacturer D
1111 1111b : Micron
MR6 Revision ID1
0000 0110b
MR8 I/O width Density
OP[7:6] = OP[5:2] =0110b: 16Gb single-channel die
00b: x16/channel
MR13 | VRO
OP[2] = Ob: Normal operation (default)
1b: Output the VRrerca) value on DQ7 and Vrerpg) value on DQ6
MR24 TRR Unlimited MAC value
mode MAC
OP[3:0] =1000b: Unlimited MAC
OP[7] = Ob: Disable (default)
1b: Reserved
Notes: 1. The contents of MRO, MR[6:5], MR8, MR13, and MR24 reflect information specific to each die in

Assignments
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LPDDR4 Ipp Parameters

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

Table 7: LPDDRA4 Ipp Specifications under 4266 Mb/s 8 Single Die

Vb2, Vooo =1.06061.17V; Vpp1 = 1.7061.95V

Tcl4266 Mbl/s
Parameter Supply 95 1052 1252 Unit Note
o001 Voot 5.2 5.2 6.0 mA
Ipbo2 Vob2 37.0 37.0 39.0
Ibbog Vobo 0.75 0.75 0.75
IpD2P1 Vb1 2.2 2.2 38 mA
Ipb2p2 Vb2 4.6 4.6 5.0
Ibp2pPg Vbbo 0.75 0.75 0.75
I pp2psL Voos 22 22 38 mA
IpD2ps2 Vbb2 4.6 4.6 5.0
Ibp2psa Voo 0.75 0.75 0.75
IpD2nt Vb1 2.2 2.2 3.7 mA
Ipb2n2 Vbb2 20.0 20.0 21.0
Ibp2no Vbbo 0.75 0.75 0.75
Ipb2ns1 Vob1 22 22 3.7 mA
Ippons2 Vb2 18.0 18.0 19.0
Ibp2nso Voo 0.75 0.75 0.75
Ipb3p1 Vb1 2.2 2.2 40 mA
Ipb3p2 Vop2 9.8 9.8 9.8
Ibp3pg Vbbo 0.75 0.75 0.75
Ipbsps1 Vob1 22 22 4.0 mA
Ippsps2 Vbb2 9.8 9.8 9.8
Ibpapsa Voo 0.75 0.75 0.75
Ippan1 Vb1 2.7 2.7 4.4 mA
Ipb3n2 Vbb2 26.0 26.0 27.0
Ibp3ng Vbbo 0.75 0.75 0.75
Ippans1 Vo1 2.7 2.7 44 mA
Ippans2 Vb2 25.0 25.0 26.0
Ibpansg Vobo 0.75 0.75 0.75
Ippar1 Vb1 4.7 4.7 5.6 mA 2,3
Ippar2 Vbp2 285 285 293
IpbarQ Vbbo 79.6 79.6 79.6
Iopaw Voot 33 33 40 mA 2
IpDaws Vb2 217 217 224
Ibpawa Vbbg 0.75 0.75 0.75
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Table 7: LPDDR4 Ipp Specifications under 4266 Mb/s 8 Single Die (Continued)

Vb2, Vopo =1.0601.17V; Vpp1 = 1.7001.95V

P R

XS=EMITRON

i

Tc/4266 Mb/s
Parameter Supply 95c 1052 1252 Unit Note
Iops1 @'RFC = 280ns Vobp1 34.0 34.0 34.0 mA
Ipps2 @'RFC = 280ns Vo2 164 164 178
Ipbpso @'RFC = Vobo 0.75 0.75 0.75
280ns
Ipps1 @'RFC = 380ns Vb1 26.0 26.0 26.0 mA
Ibps2 @'RFC = 380ns Vo2 124 124 134
Ippsqo @'RFC = Voo 0.75 0.75 0.75
380ns
Ippsas1 \ 4.7 4.7 8.2 mA
IpDsAB2 Vo2 29.0 29.0 31.0
IbpsaBo Vbbo 0.75 0.75 0.75
— Vb1 47 47 8.2 mA
IbpspR2 Vo2 29.0 29.0 31.0
Ippspeo Voo 0.75 0.75 0.75

Notes: 1. Published Ipp values except Ipp4rq are the maximum Ipp values considering the worst - case
conditions of process, temperature, and voltage.
2. BL =16, DBI disabled.

3. Ipparq Vvalue is reference only. Typical value. Von = Vobg/3, Tc = 252.

Table 8: LPDDR4 Ipps Full-Array Self Refresh Current

Vb2, Vobo =1.0601.17V; Vpp1 = 1.7001.95V

Self Refresh Current
Temperature Supply Full-Array 1/2-Array 1/4-Array 1/8-Array Unit
252 Vb1 0.40 0.40 0.40 0.40 mA
Vpp2 0.90 0.90 0.90 0.90
Voo 0.01 0.01 0.01 0.01
95c Vb1 6.2 4.6 338 34
Vo2 28.0 19.0 13.0 10.0
Vbbo 0.75 0.75 0.75 0.75
1082 Vb1 6.2 4.6 38 34
Vpp2 28.0 19.0 13.0 10.0
Voo 0.75 0.75 0.75 0.75
Notes: 1. Ipps 25C isthe typical value in the distribution with nominal Vpp and areference -only value,

Iops 95C and lops 1052  are the maximum Ipp value considering the worst -case conditions of
process, temperature, and voltage.

2. When Tc > 1052, self refresh mode is not available.
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LPDDR4X |pp Parameters

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

Table 9: LPDDR4X Ipp Specifications under 4266 Mb/s 8 Single Die
Vop2 =1.0601.17V; Vopg = 0.5780.65V; Vpp1 = 1.7081.95V

P Y
XSEMITRON
e

Tcl4266 Mb/s
Parameter Supply 95 1052 1252 Unit Note
Ibpo1 Vb1 5.2 52 6.0 mA
Ipbo2 Vop2 37.0 37.0 39.0
Ipbog Vbbo 0.75 0.75 0.75
Ipb2p1 Voo1 22 2.2 38 mA
IpD2P2 Vbb2 46 46 5.0
IDDZPQ VDDQ 0.75 0.75 0.75
Ipp2ps1 Voo1 22 2.2 38 mA
Ipb2ps2 Vbp2 46 4.6 50
Ibp2psg Vbbo 0.75 0.75 0.75
Ipp2nt Vo1 2.2 2.2 37 mA
Ipp2n2 Vbb2 20.0 20.0 21.0
Ibp2ng Voo 0.75 0.75 0.75
Ipp2nst Voo1 22 2.2 37 mA
Ipp2ns2 Vo2 18.0 18.0 19.0
Ibp2nso Vbbo 0.75 0.75 0.75
Iop3P1 Voot 22 2.2 40 mA
Ipp3p2 Vbb2 9.8 9.8 9.8
Ibpsra Voo 0.75 0.75 0.75
Ipp3PSL Voot 22 22 4.0 mA
Ipbsps2 Vb2 9.8 9.8 9.8
Ibospso Vooo 0.75 0.75 0.75
Ippant Vo1 2.7 2.7 44 mA
Ibban2 Vo2 26.0 26.0 27.0
Ibpang Voo 0.75 0.75 0.75
Ippanst Vb1 2.7 2.7 44 mA
Ippans2 Vop2 25.0 25.0 26.0
Ibpanso Vbbo 0.75 0.75 0.75
Ippar1 Vop1 4.7 4.7 5.6 mA 2,3
IbDar2 Vop2 285 285 293
Ibparo Vbbg 61.6 61.6 61.6
| ooaws Voo1 33 33 4.0 mA 2
Ippaw2 Vop2 217 217 224
IbDawq Vbbo 0.75 0.75 0.75
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Table 9: LPDDR4X Ipp Specifications under 4266 Mb/s & Single Die (Continued)
Vop2 = 1.0601.17V; Vopg = 0.5780.65V; Vpp1 = 1.7081.95V

> Y
XS=EMITRON
\-/

Tc/4266 Mb/s

Parameter Supply 95c 1052 1252 Unit Note
Iops1 @'RFC = 280ns Vobp1 34.0 34.0 34.0 mA
Ipps2 @'RFC = 280ns Vo2 164 164 178

Ipbpso @'RFC = Vobo 0.75 0.75 0.75

280ns

Ipps1 @'RFC = 380ns Vb1 26.0 26.0 26.0 mA
Ibps2 @'RFC = 380ns Vo2 124 124 134

Ippsqo @'RFC = Voo 0.75 0.75 0.75

380ns

Ippsas1 \ 4.7 4.7 8.2 mA
IpDsAB2 Vo2 29.0 29.0 31.0

IbpsaBo Vbbo 0.75 0.75 0.75

— Vb1 47 47 8.2 mA
IbpspR2 Vo2 29.0 29.0 31.0

Ippspeo Voo 0.75 0.75 0.75

Notes: 1. Published Ipp values except Ipp4rq are the maximum Ipp values considering the worst - case
conditions of process, temperature, and voltage.

2. BL =16, DBI disabled.
3. Ipp4rq value is reference only. Typical value. Von = 0.5 x Vppg, Tc = 25C.

Table 10: LPDDR4X Ipps Full-Array Self Refresh Current

Vopz =1.0661.17V; Vopq = 0.5780.65V; Vpp1 = 1.7081.95V

Self Refresh Current
Temperature Supply Full-Array 1/2-Array 1/4-Array 1/8-Array Unit
25C Vo1 0.40 0.40 0.40 0.40 mA
Vop2 0.90 0.90 0.90 0.90
Vb0 0.01 0.01 0.01 0.01
95 Y/ 6.2 46 38 34
Vo2 28.0 19.0 13.0 10.0
Vbbo 0.75 0.75 0.75 0.75
105¢ Vobp1 6.2 46 38 34
Vo2 28.0 19.0 13.0 10.0
Vbpo 0.75 0.75 0.75 0.75

Notes: 1. lpps 25C

isthe typical value in the distribution with nominal Voo and areference -only value,

Iops 95C and lops 1052  are the maximum Ipp value considering the worst -case conditions of
process, temperature, and voltage.

2. When Tc > 1052, 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 1 or 2 channels. Each channel is comprised of 16
DQs and 8 banks.

LPDDR4 usesa 2-tick, single-data-rate (SDR) protocol on the CA busto 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
edgesof CK. The 6-bit CA bus contains command, address, and bank information. Some
commands suchasREAD, WRITE, MASKED WRITE, and ACTIVATE require two consecutive 2-
tick SDR commands to complete the instruction.

LPDDR4 usesadouble -data-rate (DDR) protocol onthe DQ busto 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 ofa  single 16n-bit -wide data transfer
to/from the DRAM core and 16 corresponding n-bit- wide data transfers at the 1/0 pins.

Read and write accessesto the device are burst -oriented. Accessesstart at a selected column
address and continue for a programmed number of columns in aprogrammed sequence.

Accessesbegin with the registration of an ACTIVATE command to open arow in the memory
core, followed by aWRITE or READ command to accesscolumn 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 usedto 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 11: 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

data sheet.

- tails for this product
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Table 11: SDRAM Addressing & Dual-Channel Die

Memory Density

dress boundary

(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
x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks
x 2 channels x 2 channels x 2 channels x 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]
46 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
R14 =1) R15=1) R16 = 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-hit 64-hit 64-bit 64-bit 64-bit 64-bit 64-bit

l \ ™

XSEMITRON

"
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Table 12: SDRAM Addressing 6 Single-Channel Die

Memory Density

dress boundary

(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 x 8 banks x 8 banks x 8 banks
Number of chan- 1 1 1 1 1 1 1
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]
416 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
R14 =1) R15=1) R16 = 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

Notes: 1. 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 - 1 address bit must be LOW.

> i
X$EMi'lRDN

"
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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 acomplete description of device behavior, usethe
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: 1. From the selfrefresh state, the device can enter power -down, MRR, MRW, or any of the training
modes initiated with the MPC command. Seethe Self Refresh section.

2. All banks are precharged in the idle state.
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3. 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.

4. Inthe 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.

5. This diagram isintended 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.

6. States that have an "automatic return" and can be accessedfrom 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).

7. The RESET pin can be asserted from any state and will causethe 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 asarestriction on RESET.

8. 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], MR1-OP[7], MR3-OP[7:6], MR10-OP[7:0], MR11- OP[7:0], MR13 -OP[5],
MR15-OP[7:0], MR16 -OP[7:0], MR17 -OP[7:0], MR20 -OP[7:0], and MR22-OP[4:0].

Figure 13: Simplified State Diagram
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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 MR13 OPJ[7:6] 00b FSP-OP/WR[0] are enabled
WLS MR2 OP[6] Ob WRITE latency set A is selected
WL MR2 OP[5:3] 000b WL =4
RL MR2 OP[2:0] 000b RL=6,nRTP =8
nWR MR1 OP[6:4] 000b nNWR =6
DBI-WR/RD MR3 OPJ[7:6] 00b Write and read DBI are disa-
bled
CA ODT MR11 OP[6:4] 000b CA ODT isdisabled
DQ MR11 OP[2:0] 000b DQ ODT is disabled
OoDT
VREF(cA) Setting MR12 OP[6] 1b VREF(ca) range[l] is enabled
VRer(ca) vValue MR12 OP[5:0] 011101b Rangel:50.3%o0f Vbbg
VREF(DQ) Setting MR14 OP[6] 1b VREF(DQ) range[1l] enabled
VRerpg) value MR14 OP[5:0] 011101b Rangel:50.3%o0f Vbbg

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

1. While applying power (after Ta), RESET_nshould be held LOW ( O 0x.Vas), and all other inputs must be between Vi min
and Viumax . The device outputs remain at High-Z while RESET_nis held LOW. Power supply voltage ramp requirements are
provided in the table below. Vpp; must ramp at the same time or earlier than Vppz. Voo, must ramp at the same time or

earlier than Vppo .

Table 14: Voltage Ramp Conditions

After...

Applicable Conditions

Ta isreached

Vpp1 must be greater than Vo2

Vpp2 must be greater than Vppg - 200mV

Notes:

1. Taisthe point when any power supply first reaches 300mV.

2. Voltage ramp conditions in above table apply between Ta and power
uncontrolled).

3. This the point at which all supply and reference voltages are within their defined oper
ranges.

4, Power ramp duration 'INITO (Tb&Ta) must not exceed 20ms.

5. The voltage difference between any Vssand Vssq must not exceed 100mV.

2. Following completion of the voltage ramp (Tb), RESET_nmust be held LOW for 'IN- IT1. DQ,
DMI, DQS_t, and DQS_c voltage levels must be between Vssqand Voppg during voltage ramp to
avoid latch -up. CK_t and CK_c, CS, and CA input levels must be be- tween Vssand Vpp, during
voltage ramp to avoid latch -up. Voltage ramp power supply requirements are provided in the
table below.

-off (controlled or

- ating
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3. Beginning at Th, RESET_n must remain LOW for at least  'INIT1(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 signalsare "Don't Care."

Figure 14: Voltage Ramp and Initialization Sequence

Ta To Tc Td Te T Tg Th T T Tk
Power Ramp Reset Initialization Training
ANIT4=StCK(MIN)
CK_c L . .
- 4 7 7 VITTTTT7 Y ¥ ¥ % 1 + b 4 Voo
7 v g o R PR T R R I
oK t i / L LISy L L& L A L LA L MY
- INITO=20ms(MAX) UNIT1=200s(MIN) J
\
TITIN T ) I i I I I 1 1 ) [
supples AL 0 it 0l il i i ) i ) Ll
7Y 1 1 1 1 N 1 1 1 1 i
RESET_n RN L ) 0l 0 0 i 0 il i
[[INT2=10ns(MIN)_ SNT3=2ms(MIN
3 . . 4
CKE 77777 V77777 V7 \L 1 1 1 i B 1 1] 1l 3
JA IR s ! {1 {1 (| {1 | {1
AINIT5=2ps(MIN) {ZQCAL=Tyis(MIN)__ [ZQLAT=MAX(30ms, 8'CKIMIN
CA50] :
" TI770 A VITZTT7A ¥ 7770 VT 77 | Y VRW TV ™ 1T Wiite ) T_DQ )
cs 'R SR B X OB R DB S A DB Tach A DB K Taiing N P55 (eveling A DS [ (Taaing A DFS [ v
v . T . L . . L o g
bQs T V7 3 I 3 I 1 I3 11 Vad I T vaig :'l:VaIid\ "
LA VY 1 | 1 | | I 1 | 1 [
s - L =L . . L h b L e ‘

Don’t Care

Note: 1. Training is optional and may be done at the system designer's discretion. The order of training
may be different than what is shown here.

4. After RESET nisde-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 mustre - main LOW
when the controller activates CKE.

5. After CKE issetto HIGH, wait aminimum of UINIT5 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
'!DQSCKb) 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 canissuethe ZQCAL START command to the memory(Tf). This
command is usedto calibrate the Vou 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 ZZQCAL (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 Vger and align CS/CA with CK for high-
speed operation. The device will power -up with receivers configured for low -speed operations
and with Vgerca) 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 usesthe CA bus asinputs 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 bustraining, the controller must perform write leveling. Write level- ing mode
is enabled when MR2 OP[7] is HIGH(Ti). Seethe 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 Vgerpg), DQS, and DQ) should be trained for high-

speed operation using the MPC TRAINING commands and by issuing MRW commands to

adjust Vrerpg). The device will power -up with receivers configured for low
with Vrerpq) Set to a default factory setting. Normal device

'CKb should not be attempted until DQ bus train - ing is complete. The MPC[READ DQ

CALIBRATION]
commands to train the DQ bus without dis

command is used together with MPC[READ -FIFO] or MPC[WRITE
- turbing the memory array contents. Seethe DQ Bus

-FIFO]

Training section for more informa - tion on the DQ bustraining sequence.

10. At Tk, the device isready for normal operation and isready 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

Reset Initialization with Stable Power

Parameter Min Max Unit Comment
YINITO o] 20 ms Maximum voltage ramp time
fINIT1 200 o} 53 Minimum RESET_nLOW time after completion of
voltage ramp
{INIT2 10 o) ns Minimum CKE LOW time before RESET_n goes HIGH
YINIT3 2 o} ms Minimum CKE LOW time after RESET_n goes HIGH
{INIT4 5 o tCK Minimum stable clock before first CKE HIGH
UNITS 2 o} ts Minimum idle time before first MRW/MRR command
{CKb Note 1.2 Note 1.2 ns Clock cycle time during boot
Notes: 1. Minimum tCKb guaranteed by DRAM test is 18ns.

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

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.

Repeat steps 4610 in Voltage Ramp section.
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Table 16: Reset Timing Parameter

Value

Parameter Min Max Unit Comment
'PW_RESET 100 0 ns

Minimum RESET_nLOW time for reset initialization
with stable power

Power -Off Sequence

Controlled Power -Off

While powering off, CKE must be held LOW ( O 0x.Va); all other inputs must be be- tween V. min
and Viumax . 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 Vppg during the power -off
sequence to avoid latch -up. CK_t, CK_c, CS, and CA input levels must be be - tween Vss and Vop,
during the power -off sequence to avoid latch -up.

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

Tz isthe point where all power supplies are below 300mV. After Tz, the device ispow- ered off.

Table 17: Power Supply Conditions

The voltage difference between Vssand Vssq must not exceed 100mV
Between... Applicable Conditions
Tx and Tz Vop1 must be greater than Vooz

Vbp2 must be greater than Vppg - 200mV

Uncontrolled Power -Off

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

A 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.

A 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. Vpp: and Vpp,
must decrease with a slope lower than 0.5V/is 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

Unit
sec

Parameter Symbol Min Max

tPOFF R} 2

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 aregister.

The MRW command is used to write to a register.

Table 19: Mode Register Assignments

Notes 105 apply to entire table

MR# |MA[5:0] Function Access| oP7 | ops | oP5 op4 | oOP3 oP2 OP1 OPO
0 00h  |Device info R RFU RZQ RFU Latency REF
| mode
1 01h |Device feature 1 W RD-PST nWR (for AP) ‘ RD-PRE |WR -PRE BL
2 02h Device feature 2 w WR Lev| WLS WL RL
3 03h  [I/O config-1 W DBI-WR | DBI-RD PDDS PPRP ‘WR -PSTI PU-CAL
4 04h Refresh and R/W TUF Thermal offset PPRE | SRabort Refresh rate
training
5 05h Basic config-1 R Manufacturer 1D
6 06h Basic config-2 R Revision ID1
7 07h Basic config-3 R Revision ID2
8 08h  |Basic config-4 R IO width Density | Type
9 09h | Test mode W Vendor -specific test mode
10 0Ah I/O calibration w RF ZQ RST
U
11 oBh |ODT w RFU CA ODT | RFU | DQ ODT
12 0Ch | VRerca) R/W RFU VRca VRrerca
13 | obh |Register control W | FSP-OP [FSPWR| DMD | RRO | VRCG | VRO | RPT | CBT
14 OEh | Vgerpo) R/W RFU VRbo VRero
15 OFh DQI-LB W Lower -byte invert register for DQ) calibration
16 10h PASR_Bank w PASR bank mask
17 11h PASR_Seg W PASR segment mask
18 12h IT-LSB R DQS oscillator count 0 LSB
19 13h IT-MSB R DQS oscillator count 8 MSB
20 14h |DQI-UB W Upper -byte invert register for DQ calibration
21 15h | Vendor use W RFU
22 16h ODT feature 2 W ODTD for x8_2ch | ODTD | ODTE ODTE SoC
-CA -CS -CK oDT
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Table 19: Mode Register Assignments (Continued)

Notes 135 apply to entire table

MR# |MA[5:0] Function Access| op7 | ops | ops | op4a | op3 | op2 | op1 | opo
23 17h DQS oscillator w DQS oscillator run-time setting
stop
24 18h TRR control RW TRR TRR mode BANn Unltd MAC value
mode MAC
25 19h |PPRresources R B7 B6 \ B5 \ B4 B3 B2 \ B1 | BO
26029 | 1Ah~1D o] o] Reserved for future use
h
30 1Eh Reserved for w SDRAM will ignore
test
31 1Fh o] o] Reserved for future use
32 20h DQ calibration w See DQ calibration section
pattern A
33838 |2 1 h & {Do not use d Do not use
39 27h Reserved for W SDRAM will ignore
test
40 28h DQ calibration W See DQ calibration section
pattern B
41847 (2 9 h & 1Do not use Do not use
48863 |3 0 h & JReserved Reserved for future use

Notes: 1.

RFU bits must be set to 0 during MRW commands.

2. RFU bits are read as 0 during MRR commands.

3. All mode registers t
via an MRR comm

hat are specified as RFU or write
and.

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

-only shall return undefined data when read

Table 20: MRO Device Feature 0 (MA[5:0] = 00h)
oP7 o6 | ops o4 | oP3 oP2 oP1 0PO
RFU RZQI RFU Latency mode REF
Table 21: MRO Op-Code Bit Definitions
Register Information Type OoP Definition Notes
Refresh mode Read-only OPJ[O0] Ob: Both legacy and modified refresh mode supported  1b:
Only modified refresh mode supported
Latency mode Read-only OPJ[1] Ob: Device supports normal latency 5,6
1b: 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: 184
ZQ may connect to Vssq or float 10b:
ZQ may shortto Vpbo

11b: ZQ pin self-test completed, no error condition de-
tected (ZQ may not connectto V  ssq, float, or short to
Vbpo)

Notes:

connected to V ssq, either OP[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin as

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

A Completion of MPC[ZQCAL START] command to either channel
A Completion of MPC[ZQCAL LATCH] command to either channel then
RZQI value will be lost after reset.

If ZQ isconnected to Vssqto set default calibration, OP[4:3] must be setto 01b. If ZQ is not
- sembly

{ZQLAT is satis - fied

error. It isrecommended 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] = 11b, the device has detected a resistor connected to the ZQ

pin. However, this result cannot be usedto validate the ZQ resistor value or that the ZQ resistor
meets the specified limits (that is, 240m

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

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: MR1 Device Feature 1 (MA[5:0] = 01h)
oP7 o6 | ops | o4 oP3 oP2 oP1 oP0
RD-PST nWR (for AP) RD-PRE WR -PRE BL

Table 23: MR1 Op-Code Bit Definitions
Feature Type OP Definition Notes
BL Write - OPJ[1:0] |00b: BL =16 sequential (default) 1
Burst length only 01b: BL = 32 sequential

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

11b: Reserved
WR -PRE Write - OP[2] Ob: Reserved 5,6
Write preamble length only 1b: WR preamble = 2 x tCK
RD-PRE Write - OP[3] Ob: RD preamble = Static (default) 3,5,6
Read preamble type only 1b: RD preamble = Toggle
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Table 23: MR1 Op-Code Bit Definitions (Continued)

Feature Type OP Definition Notes
nWR Write - OP[6:4] |000b: n\WR =6 (default) 2,56
Write -recovery for AUTO only 001b: NWR = 10
PRECHARGE command 010b: NWR = 16

011b: nWR =20

100b: nWR =24

101b: nWR =30

110b: nWR =34

111b: nWR =40
RD-PST Write - OP[7] 0Ob: RD postamble = 0.5 x {CK (default) 4,5,6
Read postamble length only 1b: RD postamble = 1.5 x 'CK

Notes:

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

operands. Seethe Command Truth Table.

. The programmed value of NWR is the number of clock cycles the device usesto deter - mine the

starting point of aninternal precharge after awrite burst with auto precharge (AP) enabled. See
Frequency Ranges for RL, WL, and nWR Settings table.

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

. OPJ[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.

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

and set point 1. Only the registers for the set point determined by the state of the FSP ZVR bit
(MR13 OPI[6]) will be written to with an MRW command to this MR address.

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

and set point 1. The device will operate only according to the values stored in the registers for the

active set point, that is, the set point determined by the state of the FSP 2P 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|cs|c2|[ci|col1[2]|3]4|5]6]7]|8]9]10[11]12]13]14]15|16]17]18] 19| 20| 21|22 23] 24]25] 26| 27| 28] 29| 30| 31|32

16-Bit READ Operation

violololo]o|1]2]3]4a]ls5]6]7][s|o][AalB|c|[D|[E]F
vio|l1]lolo|4|s][e|7]s]lo|lalB|[c|D|E|[F|0|1]2]3
vii|ololo|s|o|alB|c|D|E|F|[o|1]2]|3|al5]6]7
vii|1lolo|c|p|E|F|lol1]2]3]4a]5]6]|7|8|o]A]|B

32-Bit READ Operation
ololololo]ol1]2]3]als|e|7]s]lo]alB|lc|D|E]|F]|10]11]12]13]14]15]16]17]18]19]1A]1B]2C|1D]1E|1F
olo|l1]lolol4]s]6]7]s]lalalB|c|D|E|F|o|1]2]3]14]15]16|17|18]19|2a[1B]2c|1D|1E[1F|10] 12| 12] 13
ol1|lololols|ofalBlc|D|E|[F|[o|1]2|3|a|5]6]|7][18]19]1a]1B|1c|1D|1E|21F|10]12] 12| 13]14]15]16] 27
ol1l12]lolo]c|p|e|lFlof1|2]3]als]6|7]8]o]|Aa|lB]|1ic|iD|1E|1F|10]11|12]13[14]15] 16]17]18|19]1A|1B
1lo[olo]o]wf11]12]13]14|15] 16]27] 18] 19]1a]28]2c|1D[2E[1F[ 0| 1|23 4|56 |78 o|Aa|[B|C|[D|E]|F

1ol 1|0 o014|15]16|17|18|19]1a]1B8|2c|1D|1E[1F[10] 12]12[13] 4|56 [ 7|8 |9 |Aa|B|Cc|D|E|[F|0|1]2]3
11100 ol18]19]1al1B|1c|iD[1E|1F|10] 12| 12]23]14] 15]16[17] 8| o [Aa[B|c|D|E|[F|o|1] 2|34 ]5]6]7
1110 olic|ip|1E|1F|10|11]12]13]14]15|16]27]18] 19]1a]1B| Cc|[D|E|[F|o| 1|23 ]4|5]6|7|8]9o]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

C4|cs\c2\c1\co\ 1 \ 2 \ 3\4\5\ 6\7 \ 8\ 9\10\11\12\13\14\15\16\17\18\19\20\21\22\23\24\25\26\27\28|29|3o|31\32
16-Bit WRITE Operation

viojofofoJof1]2[3]4[5]6|7[8[9|A|B[C|[D[E|F]

32-Bit WRITE Operation

o|o\o\o\o\o \ 1\2\3\ 4\ 5‘6 \ 7‘8‘9‘A‘B‘C‘D‘E‘ F‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘1A‘18‘1C‘1D‘1E‘1F

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 (16n) 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 O for all WRITE operations.

Notes:
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Table 26: MR2 Device Feature 2 (MA[5:0] = 02h)
oP7 oP6 ors | opa | or3 oP2 oP1 0PO
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) 1,34
READ latency only

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

010b: RL=14,nRTP =8

011b: RL=20,nRTP =8

100b: RL =24,nRTP =10

101b: RL=28,nRTP =12

110b: RL=32,nRTP =14

111b: RL=36,nRTP =16

RL and nRTP for DBI-RD enabled (MR3 OP[6] = 1b)
000b: RL=6,nRTP =8

001b:RL=12,nRTP =8

010b: RL=16,nRTP =8

011b: RL=22,nRTP =8

100b: RL =28,nRTP =10

101b: RL=32,nRTP =12

110b: RL=36,nRTP =14

111b: RL =40,nRTP =16
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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) 1,34
WRITE latency only 000b: WL =4 (default)

001b: WL =6

010b: WL =8

011b: WL =10

100b: WL =12

101b: WL =14

110b: WL =16

111b: WL =18

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

000b: WL =4

001b: WL =8

010b: WL =12

011b: WL =18

100b: WL =22

101b: WL =26

110b: WL =30

111b: WL =34
WLS Write - OPI[6] Ob: Use WL set A (default) 1,34
WRITE latency set only 1b: Use WL set B
WR Lev Write - OPJ[7] Ob: Disable write leveling (default) 2
Write  leveling only 1b: Enable write leveling

Notes: 1. Seelatency Code Frequency Table for allowable frequency ranges for RL/WL/ nWR.

2. After an MRW command to set the write leveling enable bit (OP[7] =1b), the device 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 1. Only the registers for the set point determined by the state of the
FSPZNVR 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 1. The device will operate only according to the values stored in the
registers for the active set point, that is, the set point determined by the state of the FSP Z
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.

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 Rangesfor 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 (>) Li mit Units Notes
6 6 4 4 6 8 10 266 MHz 106
10 12 6 8 10 8 266 533
14 16 8 12 16 8 533 800
20 22 10 18 20 8 800 1066
24 28 12 22 24 10 1066 1333
28 32 14 26 30 12 1333 1600
32 36 16 30 34 14 1600 1866
36 40 18 34 40 16 1866 2133

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

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

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

4. The programmed value for nRTP isthe number of clock cycles the device usesto deter -
mine the starting point of aninternal 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('WR/!CK).

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

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

oP7 OP6 OP5 \ OP4 \ oP3 oP2 oP1 OPO
DBI-WR DBI-RD PDDS PPRP WR-PST PU-CAL
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Table 30: MR3 Op-Code Bit Definitions

Feature Type OP Definition Notes
PU-CAL Write -only| OP[0] |Ob: Vbpq % 0.6 164
(Pull-up calibration point) 1b: Vobg x 0.5 (default)
WR-PST OP[1] |Ob: WR postamble =0.5 x 'CK (default) 2,3,5
(WR postamble length) 1b: WR postamble = 1.5 x {CK
PPRP OP[2] |Ob: PPR protection disabled (default) 6
(Post-package repair pro - 1b: PPR protection enabled
tection)
PDDS OP[5:3] |000b: RFU 1,23
(Pull-down drive strength) 001b: Rzo 1

010b: Rz 2

011b: Rz /3

100b: Rz /4

101b: Rz /5

110b: Rzq /6 (default)

111b: Reserved
DBI-RD OP[6] |Ob: Disabled (default) 2,3
(DBI -read enable) 1b: Enabled
DBI-WR OP[7] |Ob: Disabled (default) 2,3
(DBI -write enable) 1b: Enabled

Notes: 1. All valuesare 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 1. Only the registers for the set point determined by the state of the
FSPANR 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 assignedto each bit of this MR parameter: designated set
point 0 and set point 1.The device will operate only according to the values stored in the
registers for the active set point, for example, the set point determined by the state of the
FSPZDP bit (MR13 OP[7]). The valuesin the registers for the inactive set point will be
determined by the state of the FSPZDP bit (MR13 OP[7]). The values in the registers for
the inactive set point will be ignored by the device, and may be changed without
affecting device operation.

4. For dual -channel device, PU ZZAL (MR3 ZDP[0]) must be set the same for both channelson  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. 1.5x'CK apply > 1.6 GHz clock.

6. If MR3 OP[2] issetto 1b, PPRprotection mode is enabled. The PPR protection bit isa
sticky bit and can only be set to Ob by a power on reset. MR4 OP[4] controls entry to PPR
mode. If PPR protection is enabled then the DRAM will not allow writing of 1b to MR4
OP[4].
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Table 31: MR4 Device Temperature (MA[5:0] = 04h)

OP7 OP6 OP5 OP4 OP3 oP2 OP1 | 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 184,
001b: 4x refresh 789

010b: 2x refresh

011b: 1x refresh (default)

100b: 0.5x refresh

101b: 0.25x refresh, no derating

110b: 0.25x refresh, with derating

111b: SDRAM high temperature operating limit excee - ded

SRabort Write OP[3] Ob: Disable (default) 9
(Self refresh abort) 1b: Device dependent

PPRE Write OP[4] Ob: Exit PPR mode (default) 59
(Post-package repair entry/ 1b: Enter PPR mode (Reference MR25 OP[7:0] for availa -

exit) ble PPR resources)

Thermal offset-controller Write OP[6:5] |00b: No offset, 0~5C gradient (default)  01b: 9
offset to TCSR 5C offset, 5~10C gradient

10b: 10 offset, 10~15¢ gradient
11b: Reserved

TUF Read-only OP7 Ob: OP[2:0] No change in OP[2:0] since last MR4 read (de- 608
(Temperature update flag) fault)

1b: Change in OP[2:0] since last MR4 read

Notes: 1. The refresh rate for each MR4 OP[2:0] setting applies to tREFI, tREFIpb, and tREFW. MR4
OP[2:0] =011b corresponds to a device temperature of 85C. Other values require either a
longer (2x, 4x) refresh interval at lower temperatures or ashorter (0.5x, 0.25x) refresh
interval at higher temperatures. If MR4 OP[2] = 1b, the device temperature is greater
than 85C.

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

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

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

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

6. When MR4 OP[7] = 1b, the refresh rate reported in MR4 OP[2:0] has changed since the
last MR4 read. A mode register read from MR4 will reset MR4 OP[7] to Ob.
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7. MR4 OPJ[7] = Ob at power Zip. 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 OPJ6:3] 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 1 (MA[5:0] =05h)

OP7 OP6 OP5 | OP4 \ oP3 OP2 OP1 OPO
Manufacturer ID

Table 34: MR5 Op-Code Bit Definitions

Feature Type OP Definition
Manufacturer ID Read-only | OP[7:0] [11111111b: Micron
All others: Reserved

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

OP7 OP6 OP5 \ OP4 ] oP3 OP2 OP1 OPO
Revision ID1

Note: 1. 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 ID1

Note: 1. MRG6 is vendor -specific.

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

OP7 OP6 OP5 \ OP4 \ OP3 OP2 OP1 OPO
Revision ID2

Table 38: MR7 Op-Code Bit Definitions

Feature Type OP Definition

Revision 1D2 Read-only | OP[7:0] |xxxx xxxxb: Revision ID2

Note: 1. MR7 is vendor -specific.
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Table 39: MR8 Basic Configuration 4 (MA[5:0] = 08h)
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oP7 oP6 o,s | opa | op3 oP2 orr | oro
1/0 width Density Type
Table 40: MR8 Op-Code Bit Definitions
Feature Type OoP Definition
Type Read-only | OP[1:0] |00b: S16 SDRAM (16n prefetch)
All others: Reserved
Density Read-only | OP[5:2] |0000b: 4Gb dual-channel die/2Gb single-channel die 0001b:
6Gb dual-channel die/3Gb single-channel die 0010b: 8Gb
dual-channel die/4Gb single-channel die 0011b: 12Gb dual -
channel die/6Gb single -channel die 0100b: 16Gb dual -channel
die/8Gb single -channel die 0101b: 24Gb dual-channel die/12Gb
single-channel die 0110b: 32Gb dual-channel die/16Gb single-
channel die 1100b: 2Gb dual-channel die/1Gb single-channel
die
All others: Reserved
I/0 width Read-only | OP[7:6] |00b: x16/channel
01b: x8/channel
All others: Reserved
Table 41: MR9 Test Mode (MA[5:0] = 09h)
oP7 o6 | ops | oP4 oP3 oP2 oP1 0PO
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: MR10 Calibration (MA[5:0] = OAh)
oP7 o6 | ops | opa | oP3 oP2 oP1 OPO
RF ZQ RESET
U
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Table 44: MR10 Op-Code Bit Definitions

Feature Type OoP Definition
ZQ reset Write - OP[0] Ob: Normal operation (default)
only 1b: ZQ reset

Notes: 1. See AC Timing table for calibration latency and timing.

2. If ZQ is connected to Vpbq 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: MR11 ODT Control (MA[5:0] = 0Bh)

OP7 OP6 | OP5 \ OP4 oP3 OP2 OP1 OPO
RFU CA ODT RFU DQ ODT

Table 46: MR11 Op-Code Bit Definitions

Feature Type OP Definition Notes
DQ ODT Write - OP[2:0] |000b: Disable (default) 1,23
DQ bus receiver on-die ter - only 001b: RZQ/1
mination 010b: RZQ/2
011b: 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/1
mination 010b: RZQ/2
011h: RZQ/3
100b: RZQ/4
101b: RZQ/5
110b: RZQ/6
111b: RFU

Notes: 1. All values are typical. The actual value after calibration will be within the specified toler -
ance for a given voltage and temperature. ReZalibration may be required asvoltage and
temperature vary.

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

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

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

OP7

OP6

OP5 | OP4 \ oP3 OP2 OP1 OPO

RFU

VRca

VRer(ca

Table 48: MR12 Op-Code Bit Definitions

Feature Type OP Data Notes
VREF(CA) Read/ OP[5:0] |000000b3110010b: See Vrer Settings table 183,5, 6
VREeF(cA) settings Writ All others: Reserved

e
VRca Read/ OP[6] Ob: Vrer(ca) range[0] enabled 1,2,4,5,
VRrer(ca) range Writ 1b: Vrer(ca) range[1] enabled (default) 6

e

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

2.

VR(ca)[0] or VR(ca)[1l] may be selected by setting MR12 OP[6] appropriately.

A read to MR12 places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ

will be set to 0. See the MRR Operation section.

A write to MR12 OP[5:0] setsthe internal Vrer(ca) level for FSP[0] when MR13 OP[6] =
Ob or setsthe internal Vrer(ca) level for FSP[1] when MR13 OP[6] =1b. The time required
for VrRer(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.

A write to MR12 OP[6] switches the device between two internal VReF(ca) ranges. The
range (range[0] or range[1]) must be selected when setting the Vrerca) register. The val-
ue, once set, will be retained until overwritten or until the next power Zn or reset event.
There are two physical registers assigned to each bit of this MR parameter: designated set

point 0 and set point 1. Only the registers for the set point determined by the state of the
FSPZANR 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 assignedto each bit of this MR parameter: designated set
point 0 and set point 1. The device will operate only according to the values stored in the
registers for the active set point, for example, the set point determined by the state of
the FSPZP bit (MR13 OP[7]). The valuesin 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] OPI[6] OPI[5] OP[4] OPI[3] OP[2] OPI1] OPI[0]
FSP-OP FSP-WR DMD RRO VRCG VRO RPT CBT
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Feature Type OP Definition Notes
CBT Write -only| OP[O0] Ob: Normal operation (default) 1
Command bus training 1b: Command bus training mode enabled

RPT OP[1] Ob: Disabled (default)

Read preamble training 1b: Read preamble training mode enabled

VRO OP[2] Ob: Normal operation (default) 2
VRer output 1b: Output the Vrerca) and Vrerpo) values on DQ bits

VRCG OPJ3] Ob: Normal operation (default) 3
VRer current generator 1b: Fast response (high current) mode

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

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

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

read

FSP-OP OPJ[7] Ob: Frequency set point[0] (default) 1b: 8
EREQUENCY SET POINT Frequency set point[1]

eFr)ation mode

Notes:

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

2. When set, the device will output the Vrerca) and Vrer(g) voltage on DQ pins. Only
the "active" frequency set point, asdefined by MR13 OP[7], will be output on the DQ pins.

This function allows an external test system to measure the internal V

used for Vrer output are vendor -specific.
3. When OP[3] =1, the Vrercircuit usesahigh current mode to improve Vrersettling time.
4. MR13 OP[4] RRO bit is valid only when MRO OP[0] = 1. For LPDDR4 SDRAM with MRO
OP[0] =0, MR4 OP[2:0] bits are not dependent on MR13 OP[4].
5. When OP[4] =0, only 001b and 010b in MR4 OP[2:0] are disabled. LPDDR4 SDRAM must
report 011b instead of 001b or 010b in this case. Controller should follow the refresh mode
reported by MR4 OP[2:0], regardless of RRO setting. TCSR function does not de
RRO setting.
6. When enabled (OP[5] = 0b) data masking is enabled for the device. When disabled
(OP[5] = 1b), the device will ignore any mask patterns issued during a MASKED WRITE
command. Seethe Data Mask section for more information.
7. FSPZANR determines which frequency set point registers are accessedwith MRW and
MRR commands for the following functions such asVrer(ca) setting, Vrer(ca) range,
VRer(DQ) Setting, V rer(pq) range. For more information, refer to Frequency Set Point

sec- tion.

8. FSPZP determines which frequency set point register values are currently used to speci

rer levels. The DQ pins

- pend on

_fy

device operation for the following functions such asVRrer(ca) setting, Vrer(ca) range,

VRer(DQ) Setting, Vrerpq) range. For more information,

sec- tion.

refer to Frequency

Set Point
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Table 51: Mode Register 14 (MA[5:0] = OEh)

OPI[7]

OPI6]

ops] | op4 | opme | oP | opPal | oP[]

RFU

VRbpo

VREF(DQ
)

Table 52: MR14 Op-Code Bit Definition

Feature Type OP Definition Notes
VREF(DQ) Read/ OP[5:0] |000000b3110010b: See Vrer Settings table 103,5,6
VREF(DQ) Setting Writ All others: Reserved

VRbo € OP[6] Ob: Vrer(q) range[0] enabled 1, 2,436
VRrer(DQ) range 1b: Vrero) range[1] enabled (default)

Notes: 1.

This register controls the Vrermq) levels for frequency set point[1:0]. Values from either
VRbq[0] (vendor defined) or VRog[1] (vendor defined) may be selected by setting OP[6]
appropriately.

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

. A write to OP[5:0] setsthe internal Vrer(q) level for FSP[0] when MR13 OP[6] = 0Ob,

or sets FSP[1] when MR13 OP[6] =1b. The time required for Vrer(pq) to reach the set

level depends on the step size from the current level to the new level. Seethe VRrer(DQ)
train - ing section.

A write to OP[6] switches the device between two internal Vrer@Dqg) ranges. The

range (range[0] or range[1l]) must be selected when setting the Vrer(pq) register.

The value, once set, will be retained until overwritten, or until the next power Zn or

reset event.

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

point 0 and set point 1. Only the registers for the set point determined by the state of the

FSPZANR 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 assignedto each bit of this MR parameter: designated set

point 0 and set point 1. The device will operate only according to the values stored in the

registers for the active set point, for example, the set point determined by the state of
the FSPZP bit (MR13 OP[7]). The valuesin 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[1l] Values
Vrerca) (%0 0f Vppg) Vrerca) (%0 0f Vppg)
Function OP VRrerpq) (%00f Vppg) VRrerpq) (%00f Vppg)

VREF OPI[5:0] |000000b: 15.0% 011010b: 30.5% 000000b: 32.9% 011010b: 48.5%
setting for 000001b: 15.6% 011011b: 31.1% 000001h: 33.5% 011011b: 49.1%
Mli/llélind 000010b: 16.2% 011100b: 31.7% 000010b: 34.1% 011100b: 49.7%

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

Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to setthe VreF(ca) Or
VREF(DQ) levels in the device.

2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] ap -

propriately.

3. Each of the MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set
points each for CA and DQ are provided to allow for faster switching between termina -
ted and unterminated operation or between different highZrequency settings, which

may use different terminations values.
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or7] | ore] | ops | opdl | ope | or | oP] | OP[]
Lower -byte invert register for DQ calibration
Table 55: MR15 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 133
calibration only OP([7:0] and will be applied to the corresponding DQlo -

cations DQ[7:0] within a byte lane

Ob: Do not invert

1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: 1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any sin - gle
DQ or any combination of DQ. Example: If MR15 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] isnot inverted and always transmits the "true" data contained in MR32 and
MRA40.
3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3 -OP[6].
Table 56: MR15 Invert Register Pin Mapping
PIN DQO DQ1 DQ2 DQ3 DMIO DQ4 DQ5 DQ6 DQ7
MR15 OPO OP1 OoP2 OP3 No invert OP4 OP5 OP6 OP7
Table 57: MR16 PASR Bank Mask (MA[5:0] = 010h)
oP7 o6 | ops | opa | OP3 oP2 oP1 0PO

PASR bank mask

Table 58: MR16 Op-Code Bit Definitions

Feature Type OP Definition
Bank[7:0] mask Write - OP[7:0] |Ob: Bank refresh enabled (default)
only 1b: Bank refresh disabled
OPI[n] Bank Mask 8-Bank SDRAM
0 XXXXXXX1 Bank 0
1 XXXXXX1X Bank 1
2 XXXXXLXX Bank 2
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OPI[n] Bank Mask 8-Bank SDRAM
3 XXXXIXXX Bank 3
4 XXXLXXXX Bank 4
5 XXIXXXXX Bank 5
6 XLXXXXXX Bank 6
7 IXXXXXXX Bank 7

Notes: 1. When amask 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] = 11h)

oP7 OP6 OP5 \ OP4 ] oP3 oP2 OP1 OPO
PASR segment mask

Table 60: MR17 PASR Segment Mask Definitions

Feature Type OP Definition
Segment[7:0] mask Write - OP[7:0] |Ob: Segment refresh enabled (default)
only 1b: 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 XXXXXXX1L 000b
1 1 XXXXXX1IX 001b
2 2 XXXXXLIXX 010b
3 3 XXXXLIXXX 0l11b
4 4 XXXIXXXX 100b
5 5 XXIXXXXX 101b
6 6 XIXXXXXX 110b 110b Not 110b Not 110b Not 110b
7 7 IXXXXXXX 111b 111p | allowed [ 177y | allowed [ 997y | allowed | qq7p
Notes: 1. This table indicates the range of row addresses ir

Careo6 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, 6Gh, and 12Gb density per channel, OP[7:6] must always be LOW (= 00b).
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Table 62: MR18 Register Information (MA[5:0] =12h)

oP7 \

OP6

ors | opa | or3 oP2 OP1 | oro

DQS oscillator count - LSB

Table 63: MR18 LSB DQS Oscillator Count

Notes 103 apply to entire table

Function

Type OoP Definition

DQS oscillator count
(WR training DQS
oscillator)

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

Notes:

1. MR18 reports the LSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator
count value isusedto 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 isreset each time an MPC command isissuedto start in the
DQS oscillator counter.

Table 64: MR19 Register Information (MA[5:0] = 13h)

OP7

OP6

OP5 \ OP4 ] oP3 OP2 OP1 OPO

DQS oscillator count & MSB

Table 65: MR19 DQS Oscillator Count

Notes 133 apply to the entire table

Function

Type OP Definition

DQS oscillator count 8 MSB
(WR training DQS oscillator)

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

Notes:

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

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

3. A new MPC[START DQS OSCILLATOR] should be issued to reset the contents of MR18/
MR19.

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

OP7

OP6

OP5 \ OP4 \ oP3 OP2 oP1 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

Ob: Do not invert

1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes:

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

DQ or any combination of DQ. For example, if MR20 OP[7:0] =00010101b, the DQ
calibration patterns transmitted on DQ[15, 14, 13, 11, 9] will not be inverted, but the DQ
calibration patterns transmitted on DQ[12, 10, 8] will be inverted.

DM[1] is not inverted and always transmits the true data contained in MR32 and MR40.
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 DQ8 DQ9 DQ10 DQ11 DMI1 DQ12 DQ13 DQ14 DQ15
MR20 OPO OP1 OoP2 OP3 No invert OP4 OP5 OP6 OP7
Table 69: MR21 Register Information (MA[5:0] = 15h)
oP7 OP6 o,s | opa | op3 oP2 OP1 OPO
RFU
Table 70: MR22 Register Information (MA[5:0] = 16h)
OP7 OP6 OP5 OP4 OP3 OP2 OP1 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: Rz /1 (lllegal if MR3 OP[0] = 0b)

010b: Rzo 2

011b: Rz 3 (lllegal if MR3 OP[0] =0b)

100b: Rz /4

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

111b: 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)

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

1b: 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)

1b: CA ODT disable
ODTD for x8_2ch (Byte) Write - OP[7:6] |SeeByte 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 1. Only the registers for the set point determined by the state of the
FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

3. There are two physical registers assignedto each bit of this MR parameter: designated set
point 0 and set point 1. The device will operate only according to the values stored in the
registers for the active set point, for example, the set point determined by the state of
the FSP-OP bit (MR13 OP[7]). The valuesin 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 B oP2 OP1 OPO
DQS interval timer run-time setting
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DQS interval timer run-time |Write -only| OP[7:0] |00000000b: Disabled (default)

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

start
00000010b: DQS timer stops automatically at the 32" clock after timer
start
00000011b: DQS timer stops automatically at the 48™ clock after tim - er
start
00000100b: DQS timer stops automatically at the 64" clock after tim - er
start

Through
00111111b: DQS timer stops automatically at the (63 x 16)™ clock af- ter
timer start
01LXXXXXXh: DQS timer stops automatically at the 2048 th clock after
timer start
10XXXXXXb: DQS timer stops automatically at the 4096 " clock after
timer start
11IXXXXXXb: DQS timer stops automatically at the 8192 nd clock after
timer start

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

Notes:

1. MPC command with OP[6:0] =1001101b (STOP DQS INTERVAL OSCILLATOR) stops
the DQS interval timer in the caseof 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 OPJ[7:0].

oP7 OP6 ops | or4 oP3 oP2 oP1 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: 1
700K
010b: 600K
011b: 500K
100b: 400K
101b: 300K
110b: 200K
111b: Reserved
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Table 75: MR24 Register Information (Continued) \ >

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

001b: Bank 1

010b: Bank 2

011b: Bank 3

100b: Bank 4

101b: Bank 5

110b: Bank 6

111b: Bank 7

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

1b: Enabled

Notes: 1. OP[2:0] =000b Unknown means that the device is not tested for tMAC and pass/fail 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] =1b, MR24 OP[2:0] set to 000b.

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

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0

Table 77: MR25 Register Information

Function Type OP Data

PPR resources Read-only | OP[7:0] |Ob: PPRresource isnot available

1b: PPRresource is available

Note: 1. When OP[n] =0, there isno PPRresource available for that bank. When OP[n] =1, there
isa PPRresource available for that bank, and PPR can be initiated by the controller.

Table 78: MR26:29 Register Information (MA[5:0] =1Ahd1Dh)

oP7 OP6 ors | opa | op3 | op2 OP1 OPO
Reserved for future use
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Table 79: MR30 Register Information (MA[5:0] =1Eh)
o7 | ore o,s | opa | op3 | oOP2 orr | oro
Valid Oor 1

Table 80: MR30 Register Information

Function Type OP Data

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

only

Note: 1. This register isreserved 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] = 1Fh)

OP7 OP6

OP5 \ OP4 \ oP3 OP2 OP1 OPO

Reserved for future use

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

OP7 OP6

OP5 | OP4 | OP3 | oP2 oP1 OPO

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] =1000011b 1,23
tern MR32 + MR40 only causesthe device to return the DQ calibration pattern

contained in this register and (followed by) the contents of
MRA40. A default pattern 5Ah isloaded at power -up or
reset, or the pattern may be overwritten with a MRW to
this register. The contents of MR15 and MR20 will invert
the MR32/MR40 data pattern for a given DQ (see MR15/
MR20 for more information).

Notes:

1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0]

when read DQ calibration is initiated via an MPC command. The pattern is transmitted

serially on each data lane and organized little endian suchthat the low-order bit in a

byte istransmitted first. If the data pattern is 27H, the first bit transmitted isal fol-
lowed by 1, 1, 0, 0, 1, 0, and 0. The bit stream will be 00100111.

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

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

OPJ6].
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4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, evéV
DBI is enabled in MR3 OP[6].

XS47R8GCDx

Table 84: MR33:38 Register Information (MA[5:0] =21hd26h)

oP7 OP6 o,s | opa | op3 | oOP2 OP1 OPO
Do not use
Table 85: MR39 Register Information (MA[5:0] =27h)
oP7 OP6 ors | opa | oP3 oP2 oP1 OPO
Valid Oor 1
Table 86: MR39 Register Information
Function Type OP Data
SDRAM will ignore Write - OP[7:0] |Don't care
only

Note: 1. This register isreserved 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 OP6 ors | opa | op3 | op2 oP1 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 isloaded 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.

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 istransmitted serially on each data lane and organized little endian such that the

low-order bit in abyte is transmitted first. If the data pattern in MR40 is 27H, the first bit

transmitted will be a 1, followed by 1,1, 0,0, 1, 0, and 0. The bit stream will be

00100111.

2. MR15and MR20 may be usedto invert the MR32/MR40 data patterns on the DQ pins. See
MR15 and MR20 for more information. Data is never inverted on the DMI[1:0] pins.

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

OP[6].

Notes: 1.

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibratian, even if
DBl 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) { >
o7 |  ors o,s | opa | op3 | oOP2 orr | oPo
Do not use

Table 90: MR48:63 Register Information (MA[5:0] = 30hd3Fh)

o7 | o6 | ops | opa | oPp3 | oP OP1 OPO
Reserved for future use

Commands and Timing

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

Truth Tables

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

Unspecified operations and timings are illegal. To ensure proper operation after anille- gal
event, the device must be either reset by asserting the RESET_ncommand 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

SDRCA Pins
Command CS CAO0 CAl CA2 CA3 CA4 CA5 CK Edge Notes
MRW -1 H L H H L L OP7 A 1,11
L MAO MAL MA2 MA3 MA4 MAS Ny
MRW -2 H L H H L H OP6 Wy 1,11
L oPOo oP1 oP2 OP3 OP4 OP5 Wy
MRR-1 H L H H H L Vv Wy 1,2,12
L MAO MAL MA2 MA3 MA4 MAS :
REFRESH H L L L H L AB 1 1,2,3.4
(allfper bank) L BAO BAL BA2 Vv Vv Vv :
ENTER SELF H L L L H H Vv 1 1,2
RE- FRESH 1 v :
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Table 91: Command Truth Table (Continued)
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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 CS CAO0 CAl CA2 CA3 CA4 CA5 CK Edge Notes

ACTIVATE -1 H H L R12 R13 R14 R15 Ny 1,2,3,11
L BAO BAL BA2 R16 R10 R11 Ny

ACTIVATE -2 H H H R6 R7 R8 R9 Ky 1,11
L RO RL R2 R3 R4 R5 Ny

WRITE -1 H L L H L L BL Ny 1,2,3,6,
L BAO BAL BA2 Vv ) AP n 7.9

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

RE- FRESH 1 v s

MASK WRITE -1]  H L L H H L BL Ny 1,2,3,5,
L BAO BAL BA2 co AP n 6.7.9

RFU H L L H H H Vv Ny 1,2
L \Y £

RFU H L H ‘ L ‘ H L Vv Ny 1,2
L \Y £

RFU H L H ‘ L ‘ H H Vv : 1,2
L \Y _rzl

READ-1 H L H L L L BL e 1,2,3,6,
L BAO BAL BA2 Vv co AP e 7.9

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

g"R'TE - L c2 c3 c4 cs c6 c7 =

MASKED Ny

WRITE -

2,

READ-2, MRR-2,

MPC (except

NOP)

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

(all/per bank) L BAO BAL BA2 v Vv n

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

(TRAIN, NOP) L OPO oP1 oP2 oP3 OP4 oP5 n

DESELECT L X 1 1,2

Notes: 1. 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 or L (a defined logic level); X ="Don't Care," in which caseCS, CK_t, CK_c, and
CA[5:0] can be floated.
3. Bank addresses BA[2:0] determine which bank is to be operated upon.
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4. AB HIGH during PRECHARGE or REFRESH commands indicate the command mus‘W
plied to all banks, and the bank addresses are "Don't Care."

5. MASK WRITE -1 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 aWRITE -1, MASK WRITE -1, or READ-1 command indicates that an
auto precharge will occur to the bank the command isoperating 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 -1, or
READ-1 command indicates the burst length should be seton  -the-fly to BL = 32; BL LOW
during one of these commands indicates the burst length should be seton  -the-fly to BL
= 16. If on-the-fly burst length is not enabled in the mode register, this bit should be
driven to avalid level and isignored 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 -1, MASK-WRITE -1, READ-1, MODE REGISTER READ -1, or MPC (only
WRITE -FIFO, READ -FIFO, and READ DQ CALIBRATION) command must be
immediately followed by CAS-2 command consecutively without any other command in
between. WRITE -1, MASK WRITE -1, READ-1, MRR-1, or MPC (only WRITE -FIFO, READ-
FIFO, and READ DQ 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 -1 command must be followed by the ACTIVATE -2 command consecutively
without any other command between them. The ACTIVATE -1 command must be issued
prior to the ACTIVATE -2 command. When the ACTIVATE -1 command is issued, the
ACTI - VATE -2 command must be issued before issuing another ACTIVATE -1 command.

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

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

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 isissuedin 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 -1 and ACTIVATE -2 are executed by strobing CS HIGH while setting
CA[5:0] at valid levels (see Command table) at the rising edge of CK.

The bank addresses (BA[2:0]) are usedto select the desired bank. The row addresses
(R[15:0]) are usedto 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 abank hasbeen activated, it must be precharged to close
the active row before another ACTIVATE -2command can be applied to the same

66



> s W

XS4788GCDx Mobile-LPDDR4 / 4X XSeMiTRON

e’

bank. The bank active and precharge times are defined as'RAS and 'RP, respectively. The
minimum time interval between successive ACTIVATE -2 commands to the same bank is
determined by the row cycle time of the device (*RC). The minimum time inter - val
between ACTIVATE -2 commands to different banks is 'RRD.

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

A Four -activate window (*FAW): No more than 4 banks may be activated (or refreshed, in
the case of REFpb) per channel in arolling 'FAW window. Convert to clocks by di- viding
'FAW[ns] by 'CK[ns] and rounding up to the next integer value. As an example of the
rolling window, if RU[( tFAW/ t{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 +1 and N + 63. REFpb also counts asbank activation for the purposes
of tFAW.

A 8-bank per channel, precharge all banks (AB) allowance: 'RP for a PRECHARGE ALL
BANKS command for an 8-bank device must equal 'tRPab, which is greater than
'RPpb.

Figure 15: ACTIVATE Command

T0 T T2 Ta0 Tal

| [ ®ep | i 5 . i 5 i | i :

H ) § ¥ H i § | ¥ \ RBCHALE 4 § |
Command( ACTIVATE-] XACI’IVATE~2 X pes ! ?( ACTIVATE-] X ACTIVATE2 )@' % READ] X oss2 ¥oes! 9( per bank ><D£§¢' ?< ACTIVATE XACI’IVATE-Z

S N 2 N N N L L

i WC |

’:I 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. *CCD = MIN, 1.5nCK postamble, 533 MHz < clock frequency <
800 MHz, ODT worst timing case.
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Figure 16: 'FAW Timing
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RRD | | wrD

*RRD

T

T
| TRAW
[

1

Note:

i
D Don't Care

. 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 s
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
successiveclock 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 apreamble 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 REGISTERWRITE 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 isenabled via MRW to MR1 OP[3] (0=
Static; 1=Toggle).

The read postamble hasa programmable option to extend the postamble by 1nCK
(*RPSTE). The extended postamble option is enabled via MRW to MR1 OP[7] (0 =
0.5nCK; 1=1.5nCK).
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Figure 17: DQS Read Preamble and Postamble & Toggling Preamble and 0.5nCK Postamble
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|
Command( :RD-I‘ X '05-2 XD;S
: : : T

RL 'DQSCK

'RPRE

DQS_c \" \l :' 1
ES ( { {{

DQ 1) V)
DM i {1/

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

3. DQS_t/ DQS_c¢ is "Dondt CaRERE. Notransition of RQSfishmpliecst art of
asDQS_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

b6

o
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DQS_t ," " ," { 3

=

Notes: BL =16, Preamble = Static, Postamble = 1.5nCK (extended).
2. DQS and DQ terminated Vsso.
3. DQS_t/ DQS_c¢ is "Dondt CaRERE. Notransition of RQSfshmpliedst art of

asDQS_t/DQS_c can be HIGH, LOW, or High-Z prior to 'RPRE.
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Figure 19: DQS Write Preamble and Postamble 6 0.5nCK Postamble
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Notes: 1. BL =16, Postamble = 0.5nCK.
2. DQS and DQ terminated Vsso.
3. DQS_t/ DQS_c is "Dondt CaWPRE. Nortransition df DQStistingplied,t ar t o f
asDQS _t/DQS _c can be HIGH, LOW, or High-Z prior to 'WPRE.
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Figure 20: DQS Write Preamble and Postamble 6 1.5nCK Postamble
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Notes: 1. BL =16, Postamble =1.5nCK.
2. DQS and DQ terminated Vsso.
3. DQS_t/ DQS_c is "Dondt CaWPRE. Nortransition df DQStistingplied,t ar t o f
asDQS_t/DQS_c can be HIGH, LOW, or High-Z prior to 'WPRE.
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Burst READ Operation -

A burst READ command isinitiated with CKE, CS, and CA[5:0] asserted to the proper
state on the rising edge of CK, asdefined by the Command Truth Table. The command
address bus inputs determine the starting column address for the burst. The two low- order
address bits are not transmitted on the CA bus and are implied to be 0; therefore, the

starting burst address is always a multiple of four (that is, 0x0, 0x4, 0x8, 0xC).

The READ latency (RL) isdefined from the last rising edge of the clock that completes a
READ command (for example, the second rising edge of the CAS-2 command) to the
rising edge of the clock from which the  'DQSCK delay is measured. The first valid data is

available RL x'CK +'DQSCK +!'DQSQ after the rising edge of clock that completes a
READ command.

The data strobe output is driven  'RPRE before the first valid rising strobe edge. The first data
bit of the burst is synchronized with the first valid (post-preamble) rising edge of the data
strobe. Each 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

17 TiIS Ti6 mz TI18 TI19 T2 T21 T22 T23 T33 T34 T35 T36 T4 T42 T43  T44

Command< iREAD-IE X E CAS-2

'CCD = 16 RL=14

RL=14 [ DQSCK BL/2=16 !
|
DQS_c 1B
DQS_t i -
DQ
DMI B

m Don't Care

Notes: 1. BL =32for 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
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Notes: 1. BL =16, Read preamble = Toggle, Read postamble = 0.5 nCK, Write preamble =2 nCK,
Write postamble = 0.5 nCK, DQ/DQS: Vssq termination.

2. Dour n =data-out from column n and D 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

Command( READZY

P
RL
I

RL |, tDosck |
RL |
1
o € ' 1}
DQS_t (L L L
DQ Y } Y }
DMI {L i

B A
Bank 1 |
m Don't Care
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.

Lo

Notes:
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Read Timing

Figure 24: Read Timing

Command < RD-1

DQS_c
DQS_t

DQ
DMI

Tb4 TS T Td T Ta3

5.‘ :-'DFS XDEBXD'FS XDEESXDEBXD:IESXDEIESXDFS{' :"DEBXDBXDEFSXDEES

'HZ(DQS)

RL 'DQSCK

'LZ(DQS) . 'RPRE

) ] )]

4

‘HZ(DQ)

'LZ(DQ)

Notes:

1. BL =16, Preamble =Toggling, Postamble = 0.5nCK.

2. DQS, DQ, and DMI terminated Vssoq.

3.

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

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

1LZ(DQS), 'LZ(DQ), 'HZ(DQS), 'HZ(DQ) Calculation

'Hz and 'LZ transitions occur in the same time window as valid data transitions. These
parameters are referenced to a specific voltage level that specifies when the device out - put
is no longer driving 'HZ(DQS) and 'HZ(DQ), or begins driving {LZ(DQS) and 'LZ(DQ).
This section shows amethod to calculate the point when the device isno lon- ger driving
'HZ(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), 'HZ(DQS), and
'HZ(DQ) are defined as single ended.
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'LZ(DQS) and 'HZ(DQS) Calculation for ATE (Automatic Test Equipment)

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

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

CK_c

Notes: 1. Conditions for calibration: Pull down driver Ron =40 ohms, Von =Vbbpg x 0.5.
2

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

The V ou 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 26: 'HZ(DQS) Method for Calculating Transitions and Endpoint

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

CK_t
CK_c
HZ(DQS)
i End point: Extrapolated point
Notes: 1.

Conditions for calibration: Pull down driver Ron =40 ohms, Von =Vbbg X 0.5.
Termination condition for DQS_t and DQS_C =50 ohms to Vssq.

The Von level depends on MR22 OP[2:0] and MR3 OPJ[0Q] settings as well as device toler -
ances. Use the actual Von value for tHZ and 'LZ measurements.
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Table 92: Reference Voltage for 'LZ(DQS), 'HZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswil Vsw2 Unit
DQS_c Low-Z time 'L.Z(DQS) 0.4 x Von 0.6 x Von Y,
from CK_t, CK_c
DQS_c High-Z time 'tHZ(DQS) 0.4 x Von 0.6 x Von
from CK_t, CK_c

{LZ(DQ) and 'HZ(DQ) Calculation for ATE (Automatic Test Equipment)
Figure 27:'LZ(DQ) Method for Calculating Transitions and Endpoint

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

CK_t
CK_c
tL.Z2(DQ) 2 Z"
Vou™ ~
0.5x VOH_ ........
OV-iem e %

Notes: 1. Conditions for calibration: Pull down driver Ron =40 0ohms, Von =Vbbpg x 0.5.
2. Termination condition for DQ and DMI = 50 ohms to Vssq.

3. The Vou 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.
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Figure 28: 'HZ(DQ) Method for Calculating Transitions and Endpoint u

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

HZ(DQ)
é ( End point: Extrapolated point
/

Notes: 1. Conditions for calibration: Pull down driver Ron =40 ohms, Von = Vbbpg x 0.5.
2. Termination condition for DQ and DMI = 50 ohms to Vsso.

3. The Von level depends on MR22 OP[2:0] and MR3 OPJ0] settings as well as device toler -
ances. Use the actual Von value for 'HZ and 'LZ measurements.

Table 93: Reference Voltage for 'LZ(DQ), 'HZ(DQ) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswl Vsw2 Unit
DQ Low -Z time 1. Z(DQ) 0.4 x Vou 0.6 x Vou \Y;
from CK_t, CK ¢
DQ High-Z time tHZ(DQ) 0.4 x Von 0.6 x Von
from CK t, CK ¢
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A burst WRITE command isinitiated 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 addressis always aligned with a 32-byte boundary. The WRITE latency

(WL) isdefined from the last rising edge of the clock that completes aWRITE 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 ' CK +'DQSS after the rising edge of clock that completes aWRITE command.

Burst WRITE Operation

The device usesan unmatched DQS DQ path for lower power, sothe 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 aburst 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

Td2

Td1

BL/2 + 1 Clock
'DQSS (MIN)
DQS_c
y \
DQS_t | ? i !
bQ N 3
'DQSS (Nominal)
'WPRE
DQS_c \ S S P 3 .
DQS_t |:' " A —\' FALANS LW oA - ':l"‘ ':' !
) 2aene 3 1B \
] D202\ 02 02\ P\ 0.5 o i, e, ) ] |
m /) BBRBIEERE._{! !l
'DQSS (MAX)
"WPRE
DQS_c % )]
DQS_t {{ g
0Q M M

D Don't Care

Notes: 1. BL =16, Write postamble =0.5nCK, DQ/DQS: Vssq termination.
2. Din 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

T m T2 T3 T4 Tab Tal

Ta2 Ta3 Ta4 TaS Tab T9 Tcl0
= - o 74 P o

CKc

ca{ B J,%X_’F’)’JCD
[ |

V4

s

Command( ;NRITE-; X CAS-2

RL

DQS_c
DQS_t

Notes: 1. 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 + 1+ 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 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Tab ) Tb0 Tbl Th2 Tb3 Th4 Tb5

N L |
| _X CAX TW :,///////////////////////////// ///////////// YL,
Command ( WRITET X G52 Xogs‘ |D|:_<,XDESX DESX DFSX DFSX DESXD X:J_X sz DF-C‘X DESXDESX DES)‘L

'DQSS (MIN)

tDQSS (MIN)

i 955 ‘WPST

'DQS2DQ

m///////////////////////ﬁM_/M/zﬁ@@f@@@@ S Y,

LDQSE (Nominal)
tDQSS (Nominal) JWPRE

DQS2DQ
DQ / ‘,//

DQS_c :
DQS_t :

'DQSS (MAX)

DQS_c
DQS_t

- > t
DQS2DQ DQSH ‘DQISL

Notes: 1. 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) g

Figure 32: Method for Calculating 'WPRE Transitions and Endpoints

CK% ) \ .. X , :
CK ¢ .. / \ / L \ / L \ VreflCAVA

Resulting differential signal
relevant for 'WPRE specification

Vsw?2
Vsw] ;
DQS_t-DQS_c oV

A

Begin point:
Extrapolated point ool

'WPRE
Note: 1. 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 Vswil Vsw2 Unit

Measured Parameter

DQS_t, DQS ¢
differential write preamble

'WPST Calculation for ATE (Automatic Test Equipment)

Figure 33: Method for Calculating 'WPST Transitions and Endpoints

CK_t y g
e NI AT AT AR

Resulting differential signal
relevant for 'WPST specification

ov
Vsw?2
Vswi
DQS_t-DQS_c )<—__ End point:

Extrapolated point
"WPST

1. Termination condition for DQS t, DQS c, DQ, and DMI =50 ohms to Vsso.

2. Write postamble: 0.5'CK
3. The method for calculating differential pulse widths for 1.5'CK postamble is same as
0.5!CK postamble.
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Measured Parameter
Measured Parameter Symbol Vswil Vsw2 Unit
DQS t, DQS ¢ 'WPST O(ViHL_Ac X O(VIHL_AC X Y,
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 -1 command is usedto begin the operation, followed by a CAS-2 command. A

MASKED WRITE command to the same bank cannot be issued untii  'CCDMW later, to

allow the device to finish the internal READ-MODIFY -WRITE operation. One data-
mask-invert (DMI) pin is provided per byte lane, and the data-mask-invert timings
match data bit (DQ) timing. See Data Mask Invert for more information on the use of

the DMI signal.

Figure 34: MASK WRITE Command & Same Bank

Ta3

Tad

TIaZ

TS T

Tc7 T8 T9 Tc10

N Y YN
Al A xl‘ 4 B

]
]
v

Y
]

V

L5

‘CCDMW‘
'WPRE *WesT
DQS_¢ 1 e e Yl \
DQS_t §) / /—\J ANANAS A_‘]{I‘ {
‘iloqszoo
11 P VN A\ A\ .
o ({ LEE0ECEOEE_
Notes: 1. BL =16, Write postamble =0.5nCK, DQ/DQS: Vssq termination.

2. Din n =data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration,

for MASKED WRITE operation.
4. DES commands are shown for ease of illustration; other commands may be valid at these time.

D Don't Care

the system needs to insert only 16 -bit wide data
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Figure 35: MASK WRITE Command & Different Bank

TI0

m g T32 133 T34 T35 T36 T37 T38

r

R

o (BN DS

Command (wm1)( CAS2 )\‘T{S‘Ww&ne-lx EIX ,CAS-Z )\_q't-s]‘(usxwmm)( o2 )::E?:( pes ¥ DEs X
T T T e 1 T T S s T T N T T
CCco o Laas)] co
| CCOMW
wL ! Bass
DQS_c
DQS_t
DQ
DMI

Notes: 1. BL =16, DQ/DQS/DMI: Vssgq 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.
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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('RCDCK) RU('RAS/'CK)
READ llegal 8l RL + RL + BL/2 +
(with BL = 16) RU('DQSCK(MAX | RU('DQSCK(MAX | MAX{(8,RU( RTP/
)/ tCK) + BL/2 - )/ tCK) + 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 - ) tCK) + BL/2 - 'CK)} -8
WL +'WPRE + WL +!'WPRE +
RD('RPST) RD( 'RPST)
WRITE llegal WL +1+BL/2 + 81 tccbmw 3 WL +1+BL/2 +
(with BL = 16) RU('WTR/ tCK) RU('WR/CK)
WRITE lllegal WL +1+BL/2 + 162 tCCDMW + 8% WL +1+BL/2 +
(with BL =32) RU('WTR!/ tCK) RU('WR/!CK)
MASK WRITE llegal WL +1+BL/2 + 'ICCD tccbmw 3 WL +1+BL/2 +
RU('WTR/ tCK) RU('WR/CK)
PRECHARGE RU('RPACK), llegal llegal llegal 4
RU('RPab/CK)
Notes: 1. Inthe caseof BL =16,tCCD is 8 x tCK.
2. Inthe caseof BL =32,!CCD is 16 x 'CK.
3. 'ICCDMW =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 8t RL + RL + 22
(with BL = 16) RU('DQSCK(MAX | RU('DQSCK(MAX
)/ tCK) + BL/2 - )/ tCK) + BL/2 -
WL +'WPRE + WL +!'WPRE +
RD( 'RPST) RD( 'RPST)
READ 4 162 RL + RL + 22
(with BL =32) RU('DQSCK(MAX) | RU(*DQSCK(MAX
J'CK) + BL/2 -WL | )/ 'CK) +BL/2 -
+'WPRE + WL +'WPRE +
RD( 'RPST) RD( 'RPST)
WRITE 4 WL +1+BL/2 + 8t 8t 22
(with BL = 16) RU('WTR!/ tCK)
WRITE 4 WL +1+BL/2 + 162 162 22
(with BL =32) RU('WTR/ tCK)
MASK WRITE 4 WL +1+BL/2 + 8l 8l 22
RU('WTR/ tCK)
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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: 1. Inthe caseof BL =16,tCCD is 8 x tCK
2. In the caseof BL =32,!CCD is 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 llegal RU('RCD/!CK) RU(tRCD/!CK) RU('RCD'CK) RU(tRAS/'CK)
READ lllegal 8t RL + RU( RL + RU( BL/2 +
(with BL = 16) 'DQSCK(MAX)/ 'DQSCK(MAX)/ MAX{(8,RU( 'RTP
{CK) ICK) /'CK)} - 8
+BL/2 + RD('RPST) | + BL/2 + RD( {RPST)
-ODTLon - RD( -ODTLon - RD(
tODTon(MIN)/ 'CK) |'ODTon(MIN)/ 'CK)
READ lllegal 162 RL + RU( RL + RU( BL/2 +
(with BL =32) 'DQSCK(MAX)/ 'DQSCK(MAX)/ MAX{(8,RU( 'RTP/
{CK) ICK) 'CK)} -8
+BL/2 + RD('RPST) | + BL/2 + RD('RPST)
-ODTLon - RD( -ODTLon - RD(
'ODTon(MIN)/ 'CK) ['ODTon(MIN)/ 'CK)
WRITE llegal WL +1+BL/2 + 81 tccbmw 3 WL +1+BL/2 +
(with BL =16) RU('WTR/ tCK) RU('WR/CK)
WRITE lllegal WL +1+BL/2 + 162 tCCDMW + 8% WL +1+BL/2 +
(with BL =32) RU('WTR/ tCK) RU('WR/CK)
MASK WRITE lllegal WL +1+BL/2 + 'CCD tccbmw 3 WL +1+BL/2 +
RU('WTR/ tCK) RU('WR/CK)
PRECHARGE RU('RP/CK), llegal llegal llegal 4
RU('RPab/CK)
Notes: 1. Inthe caseof BL =16,tCCD is 8 xtCK.
2. Inthe caseof BL =32,!CCD is 16 x 'CK.
3. 'ICCDMW =32 x!'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 8t RL + RU( RL + RU( 22
(with BL = 16) 'DQSCK(MAX)/ IDQSCK(MAX)/
{CK) ICK)
+BL/2 + RD('RPST) | + BL/2 + RD( {RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ 'CK) |tODTon(MIN)/ 'CK)
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Table 99: Different Bank (ODT Enabled) (Continued) { >
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) 'DQSCK(MAX)/ IDQSCK(MAX)/
{CK) 'CK)
+BL/2 + RD('RPST) | + BL/2 + RD('RPST)
- ODTLon - RD( - ODTLon - RD(

tODTon(MIN)/ 'CK) |tODTon(MIN)/ 'CK)
WRITE 4 WL +1+BL/2 + 8t 8t 22
(with BL = 16) RU('WTR/ tCK)
WRITE 4 WL +1+BL/2 + 162 162 22
(with BL = 32) RU('WTR/ tCK)
MASK WRITE 4 WL +1+BL/2 + 8l 8l 22

RU('WTR/ 'CK)
PRECHARGE 4 4 4 4 4
Notes: 1. Inthe caseof BL =16,!CCD is 8 x tCK.

2. In the caseof BL =32,!CCD is 16 x !CK.

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

Data mask (DM) is supported for WRITE operations and the data bus inversion DBI (DC)
is supported for READ, WRITE, MASK WRITE, MRR, and MRW operations. DM and DBI
(DC) functions are supported with byte granularity. DBI (DC) for READ 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 MR13 OP[5].  The device has one
data mask inversion (DMI) pin per byte and atotal 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 aDQ 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!| lllegall,? High-Z2 |Don't Care!| High-Z?2 High -Z?2
Disabled Enabled Disabled DBI (DC) * lllegal High -Z2 Train ° Train 10 Train 11
Disabled Disabled Enabled Don't Carel lllegal® DBI Train © Train 10 Train 11
(bC)°®
Disabled Enabled Enabled DBI (DC) * lllegal® DBI Train © Train 10 Train 11
(0C)°
Enabled Disabled Disabled | Don't Care® DM7 High -z2 Train ° Train 10 Train 11
Enabled Enabled Disabled DBI (DC)*4 DBI High-z2 Train ° Train 10 Train 1
(0C)®
Enabled Disabled Enabled Don't Care® DM7 DBI Train ° Train 10 Train 11
(bC)°®
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Table 100: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ Oper‘@ti_oﬂs/v

(Continued)

DM
Function

Write DBI
(BC)

Read DBI
(BC)

DMI Signal

During
MPC[WRIT
E-FIFQ]

During
MASKED
WRITE

During
MPCI[READ -
FIFO]

During
MPCI[READ
DQ CAL]

During
WRITE

During
READ

Enabled

Enabled

Enabled

DBI (DC)4 | DBI (DC)8 | DBI (DC)5 Train ° Train 10 Train 11

Notes:

10.

11.

The DMI input signalis" D o nC@are." DMI input receivers are turned off.
DMI output drivers are turned off.

The MASK WRITE command is not allowed and is considered an illegal command when
the DM function is disabled.

The DMI signal is treated asDBI and indicates whether the device needs to invert the
write data received on DQ within abyte. 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
DMI signal HIGH when more than four data bits = 1 within a given byte lane; otherwise,
the device does not invert the read data and drives DMI signal LOW.

The device does not perform a MASK operation when it receives aWRITE (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 signalswithin 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 aMASK 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 = 1 on DQJ[2:7] or DQ[10:15] (for lower byte or upper byte respectively) and the

DMI signal is LOW. Otherwise, the device does not perform the MASK operation and treats

it asalegal DBI pattern. The DMI signal is treated asa DBI signal, and data received on
the DQ input is written to the array.

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

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

to the WRITE -FIFO.

The DMI signal is treated as a training pattern. For more information, see the Read DQ
Calibration Training section.

- ten
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Figure 36: MASKED WRITE Command with Write DBI Enabled; DM Enabled \ /

TO T T2 T3 Tad Tal Ta2z Ta3 Ta4d TaS Ta6 Tbo

/ Y Nl NLif \../ \,d \.../ \../ Nod Lo
i xS ! \ i
| ;

DQI7:0] 2 2

owio R

Notes: 1. N: Input data iswritten to DRAM cell.

I: Input data isinverted, then written to DRAM cell.

M: Input data is masked. The total count of 1 data bits on DQ[7:2] is equal to or greater

than five.

4. Data mask (DM) is enable: MR13 OP [5] = 0, Data bus inversion (DBI) write is enable:
MR3 OP[7] = 1.

w n
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Figure 37: WRITE Command with Write DBI Enabled; DM Disabled
T0 T1 T2 T3 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Ta6 TbO

Command< WRITE-1 X CAS-2

WL |
DQS_c
DQS_t S
DQI7:0] .
"I NN I NNN
DMI[0]

% Don’t Care

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

The device supports WRITE, MASKED WRITE, and WR-FIFO operations with the 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.

A Mode 1: Read-based control
A 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 1 6 Read-Based Control

The device needsto be guaranteed the differential WDQS, but the differential WDQS
can be controlled asdescribed 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 isissued, 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. Atthe 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 aslong as CKE is HIGH.

3. When CKE is LOW, the state of DQS _t/DQS c isallowed to be 6 Do n(atr e . ¢

Figure 38: WDQS Control Mode 1

WT
CM WTBURST Following states from WT burst

D|

Do n Gdre

WDQS Control Mode 2 8 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¢c can be o0Don
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 'RTW. The timing does not
conflict when ODT is enabled because WDQS _on and WDQS_off timing is covered in
ODTLon and ODTLoff. However, regardless of ODT on/off, WDQS_on/off timing below
doesnot 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 asWDQS_on/off.

Parameters

A WDQS_on: The maximum delay from WRITE/MASKED WRITE command to differen -
tial DQS_t and DQS ¢

A WDQS off: The minimum delay for DQS_t and DQS_c differential input after the last
WRITE/MASKED WRITE command

A 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)
d WDQS_Exception @ ODT disable = MAX(WL -WDQS _on + 'DQSTA -'WPRE - n 'CK,

0 !CK) where RD to  WT command gap = 'RTW(MIN)@ODT disable + n!CK

d WDQS_Exception @ ODT enable = 'DQSTA

Table 101: WDQS_On/WDQS_Off Definition

WRITE WDQS_On WDQS_Off Lower U

Latency (Max) (Min) Frequency Frequency

Set A Set B nWR NRTP Set A Set B Set A Set B Limit (>) Li mit
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 80.25 0.25 {CK(avg)
WDQS_off 80.25 0.25 {CK(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 o] 1
case

Note: 1. tDQSTA isonly applied to WDQS_exception casewhen 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 Tal0 Tall Tal2 Tal3 Tal4 Tal5 Tal6 Tal7 Tal8 Tal9 Ta0 Ta2l
DES
ODTLon *‘ODTon{MAX)
“ODTon(MIN)
DRAM Ryr ODT HighZ ! ,: Transion 00T on Transiton 0DT High-Z
Liy { ooToffoung
*ODTOff(MAX)
[:] Don't Care
Notes: 1.

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

N

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

DRAM Rt is only applied when ODT is enabled (MR11 OP[2:0] is not 000b).
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Figure 40: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Disable)

T

TbO Tbl

Tad Th2 Ths T T2 Ta

6 Tb7

2 T{%ﬁ?mwm('”” I TR VT IR

A

I T 1] IR
Command( READ-1 X as2 xDES'E@@RI/MWRIX cas2 )(; oes Y oes Y oes X oes X Des B@@@@@@
v l ' i'+RWDN1lMX)/'CK)+N2+mﬂPS‘{) WL+ WRE ‘ WL l ' I tDQSS
Wogsoff
WDQS_on WDQS_exception
R “DQseK 828
-

DQS_c \ Y T Y
DQs_t L XX 'H‘
~He 050 i |

0o N 3 BEEESEE 2 HEOOEE
/” Don't Care

Notes:

1. BL = 16, Read preamble = Toggle, Read postamble = 0.5 nCK, Write preamble =2 nCK, Write postamble = 0.5 nCK.
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)
Tai Tad Tbo Tol Tbh2 Tb3 Tbe Te0 Ta T2 Tdo T Td2 Td3 T4 Ted Tel Te2 Te3 Ted Te5 Teb TO ™

90000000000 AVAVAT [ VAVAN

)
I\

e X)X

RL + RUFDQSCKMAX)/ 1CX) + BL/2 + RDFRPST)
-ODTLan - RDFOO Tani MIN ACK) + 1 |

WDQs.on Q0T aff
00TLon
L s/2-8
L tweRe
5 S5 sscssse I,_ P R T N e e )
e i X OO : TAVAVA S VE VA »
‘DQmT— aesT b ‘oasTa ' DG520Q
i "
o i 2 EE3E00R DEOHOOE
7 I OOToamax I OTofmax
el @rofmin
DRAM Ry 00T High-2 X‘lmnm ) Trrsiton OOT On Transion Xom High-2

D Don't Care
Notes:
1. BL = 16, Read preamble = Toggle, Read postamble = 0.5 nCK, Write preamble =2 nCK, Write postamble = 0.5 nCK, DQ/DQS:
V'ssq 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 caseswhere 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 seamlessand borderline non-overlapping caseshave 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

TIO Ti11 T2 T3 Ti4 TIS Ti6 Ti17 Ti8

2

TI9 T20 T26 T27 T28 T29 T30 T31

ViR Z \
% .S

)

/111

77

///)

11T/

DQS_c
DQS_t

DMI

A

(oesY(oes X(oes{ Joes X(oes (o Y(oes (o o)
'DQSCK =

Notes:
BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
Doutr nim = data-out from column n and column m

D Don't Care

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

Figure 43: Seamless READ: 'CCD = MIN + 1, Preamble = Toggle, 1.5nCK Postamble

AL ] Tie Tt T2 ™ TiIS TIé T17 T8 Tig 20 T21 ™28

QMFUXF%XHUXFQKFUV,T_ﬂjhﬂfvﬁfwﬂﬂ”
AT il A TAT

T27 TR T29 TR0

- a "

f 2 i - )2 4

777 /'f’ ://', 777

x\“

I

RL =6 L DASCK
|
b»—m-i-~.1 -—--—-00
DB c -
7 ] gjwvvvvvvvb
-
:: HighZ )[
828
Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.

2. Doutr nlm =data-out from column n and column m.

7 7 :” A// A ( ’/ b T

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

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

T0 'I:l T2 T3 T4 T? T§ T9 T10 T!] T12 T3 TI‘4 Tis T16 T17 T8 T19 T20

I'O

T.ZI T26 T27 T28 TZ.9 T30

Command ( READ1 ) CAS2 ' ReaD-1 X cas2 X pes X s X oes X Des X pes X Des X pes ) pes

zz
W//M/W/r/
m@@@@@

- RPST
) ML ) High-Z
1

CCD=9 RL=6 'DQSCK
RL =6

DQS_c 4

DSt High-Z 1 1

DQ =
i High-Z ) 1
BL/2=8
Notes:

1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble =0.5nCK.
2. Doutr 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 + 1, Preamble = Static, 1.5nCK Postamble

T0 T.l T2 T3 T4 TZ T8 T9 T10 T'{I T12 T3 Tlll TS Ti16 T17 TI18 TI19 T20 T21 T26 Tg7 T28 T29 T30
-2 L} - L (A, -4 ® & U re = & ¢ = L) L) | L) L) ¢=s - =y o=y [ L L

Command { READ1 ) CAS2

DQS_c
High-Z
DQS._t >
bQ =
DMI High-Z

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doutr 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 46: Consecutive READ: 'CCD = MIN + 1, Preamble = Static, 0.5nCK Postamble

T9 TI0 TI1 T2 T3 T1.4 Ti5 Ti6 T!? Ti8 TI9 T2 T21 T26 Tg? T28 T2‘9 T30
- = Ll & L} - | =y ¢- ® L) B A " | | dr L} o =

fggi"

Command { ReaD-1 ) Cas2

RPST
‘ -
DQS_c - 2 L o Y o Y o Y m YW, ,J -
pas 1 monz | { OO0 20098 High-z
‘DASQ
D':ﬁ High-Z ” Yoot Par Pax o ’ igh- High-Z
BL/2=8 BL/2=8
| Don't Care
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.
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Figure 47: Consecutive READ: tCCD = MIN + 2, Preamble = Toggle, 1.5nCK Postamble

31

TIS Ti6 T17 T8

Command( READ-1 X CAS-2
i i

i

DQS_c -
DAS.t High-Z
5 . -
s High-Z .‘. [1 e St f e e s High-Z @@@@@@ High-Z
v U e —
BL/2 =8 BL/2=8

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doutr nlm =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.

99



. N

XS4788GDxX Mobile-LPDDRA4 / 4X XS=MITRON
Figure 48: Consecutive READ: tCCD = MIN + 2, Preamble = Toggle, 0.5nCK Postamble u

woom Rood om W W no AL NS NE N NECVE NP8 N Won @ oTH T ThCm
m\/\f\f\ XODCAUOOOIXIX

e o l— 018 0. 0/0 00 020 6 040 80 (ID0R 6 ¢),08

= )] e A w98 BOGE i

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dour 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

™8T TIO T T2 M3 T4 TIS TI6 TI7 TI8 TI9 TH T2 T2 T8 T29 T T3
-y - ) L) =, - -y = - = -y - -y - - - - -y )

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Dour 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: 'CCD = MIN + 2, Preamble = Static, 0.5nCK Postamble

Command( READ-1 X CAS-2

DQS_c
DQS_t

DMI

XSeMiTRON
e’

Ti4

A

TO0 T21 T2 T28 T29 T30

COCQUOG
L

Xos) o (o) o) G (o e
'CCI; =10 ; : : 7 : A l ; l | A ; | ; l

RL=6 'DQSCK
RL=6 | 'DQSCK
|
‘RPRE ’ RPRE ;
High-Z ;'Il] )\ B RERERERERERG B B
by ] v Neere &
Hghz || forforRar Roe Yer X tiigh-2
Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
2. Doutr 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 51: Consecutive READ: *CCD = MIN + 3, Preamble = Toggle, 1.5nCK Postamble

Ti8 M9 T2 T21 T2

-

T?S T.29 T?O ™

T T T T3 T4 717 TB. T9 T]O T T2 T3 T4 T!S T}G Tz

L L)

- -

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.

2. Doutr nlm =data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 52: Consecutive READ: 'CCD = MIN + 3, Preamble = Toggle, 0.5nCK Postamble

T23 T29 T30

-y 1 L

L
T,
e

'RPST -—
b ’ " f
(-\_12 ( High-Z

= 'DQSQ

B BEHE(

n2=s

I 1 Don't Care

0 . :
Sk High-Z ] )

Notes: 1. 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‘IO T M2 1 T]G T]? Tl'8 T!9 T20 T21 T2 T?3 Tg9 1310

! T

"W "y

DQS_c
B s High-Z ) [
DD; Highz | }

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doutr 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

. ' '
. ' '

I

W

DQS_c
. High-Z ] [

bQ : M
P High-Z 2 (

Notes: 1. BL =16 for column n and column m; RL = 6, Preamble = Static; Postamble = 0.5nCK
2. Dout nlm =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 55: Seamless WRITE: 'CCD = MIN, 0.5nCK Postamble

TI0 T

T2 TI3 Ti4

Command( wRITE-'I X ECAS-Z

DQS_c ’7
Qs. 7/

! 1
pas_t // '// i/
oM LA /11

Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Din nim =data-in from column nand 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 O 8 MHY,
ODT Worst Timing Case

T4

mn2 T3 T15

X pes/ ;'05 X  WRITE-1 X CAS2

Command ( \:rmmz-; 4 -cpsz

‘CCD=8
WL=12 |
DQSc ; 3 )
DQS_t s ¢
bQ | )]
oM i | l
ODTLon =6 0DTon(MAX) | =8
1
1
DRAM Ry ,-' | ODT High-z * ODT High-Z
ODTLoff = 22 'ODToff(MIN)
1

D Don't Care

Notes: 1. Clock frequency =800 MHz, tCK(AVG) = 1.25ns.
2. BL =16, Write postamble = 1.5nCK.
3. Din nim =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.
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Figure 57: Seamless WRITE: 'CCD = MIN, 1.5nCK Postamble

T8 M9 T25 T6 T27 T3 T34 T35 T6 T37 T38

Command ( — X" sz Xoes Joes Y waire: X o2
t ! 1= : i I A

‘CCD=38
WL=14
DQS_c 7 l}
DQS_t A ¢
DQ 77D )
DMI ! !’

Notes: 1. BL =16, Write postamble =1.5nCK.
2. Din nim =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 9d Consecutive

Figure 58: Consecutive WRITE: 'CCD = MIN + 1, 0.5nCK Postamble

TP TI T2 T3 T‘4 T8 T9 T TN T2 TI'S T4 TI15 TI'G M7z T3 T4 TS5 TZ‘G 132 T3‘3 T.34 135 TS‘G 137

ﬂ///l//,smmmll///
a@@@@@

Command ( WRITE-1 X CAS2.

oo LIV VT Hﬁf////ﬂ//lm

TWPST

X N
2y

sy I

' ' i
Don't Care

&

Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Din nim =data-in from column nand column m.

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

Figure 59: Consecutive WRITE: 'CCD = MIN + 1, 1.5nCK Postamble

T TI1oTi2 TI3 T4 TIS TI6 TI7 T23 T4 TS T26 T3 33 T34 T35 T6 T37

I

Command { WRITE1 X “Cas2

YWPST
DQS_c

e T, VI Y X X
o T, T T T e ) S XS D BN T,

BL/2=8

I 1 1 -
E/] Don't Care
Notes: 1. BL =16, Write postamble =1.5nCK.
2. Din nim =data-in from column nand 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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T0 T|l T.Z 3 T4 1:9 1:10 'I:H T2 T3 Tl.4 T15 T]S T1‘7 T‘ZS T.Z4 T25 T.ZG T27 TS‘S T.34 T35 T?G T3.7 T§8
*a LA ] L) e f | (A ey (A - L ] ¢e Lt -y ARX) ™ a™ () L s  ~y, Ll Y f A L

i e

% Don't Care

Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Din nim =data-in from column nand column m.

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

Figure 61: Consecutive WRITE: 'CCD = MIN + 2, 1.5nCK Postamble

T T T2 T3 T4 T9 TIO T T2 T3 T4 TIS Ti6 TI7 T3 T4 TS T6 T2 T T4 TS T T T3S
(Al L} L L} - L} 7% L) ’re L) ’yre A o) -\ L} = Oy [ o A At ! [ =y ( ed | (A .

:
DD

Command { WRITE1 X cAs2

"WPST

o
TR
Don't Care

DQS_c

e T Vi S X o X
A

Notes:

BL =16, Write postamble = 1.5nCK.
Din n/m =data-in from column nand column m.
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

TI0 T

a

T3 TI6 T17 T23 T24 T25 T26 T27 T28 T34 T35 T36

‘ 3 ,\ﬂ r \ ,

wm're-E X cas2
I i T

WL=12

DQS_c

e ‘ i |
IR Gy //’ I /f W W

' [\ ///' / /
/ -//////.'

DQS_t ’// Y

77T 7777 ') 777777777

q

ZTTTTTTTT77)
////‘ ,,//’,4‘.‘//4’»

DQ 7777777777 77777777774 Y7777 777777777777
om LLLLIIIITIE TR B,

Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Din nim =data-in from column nand 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

T 'I"l T.Z T3 T4 1:9 Ti0 T T2 T:J T4 TIS T!G T1.7 TgS T24 TgS T26 127 TZ.S 1"34 T‘35 T.SG T3.7 T38
’® - [ A . " LA ¢~ /e e [ B % [ A | L L) L L L) el | A e [ A [ &

T

Command { WRITE1 ) CAS2

WL=12

.. T TN
ZZZEZZZZZZZ@AWMMWWKJ%WUMQEW%MﬂWWW

Notes: 1. BL =16, Write postamble = 1.5nCK.
2. Din nim =data-in from column nand 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

T mn 2 T3 T4 ™ AL A B 3 P ?}) T4 TIS TI6 TI7 TH T TS M6 T T M9 T TH TP TE
“p § Sa b ® et L . v, b i b ¢ R e L . . . e . VAP AP 6 e

Command (M;X m |

‘CCD= 12
WL= 12

s T VT T S X ooz

i - oazoa
0Q 7T 7, . 3 4
T WMWMIIMMMM e I L
BL/lal | w2=-a

I/;/Z Oon't Care

Notes: 1. BL =16, Write postamble = 1.5nCK.
2. Din nim =data-in from column nand 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 isinitiated with CKE, CS, and CA[5:0] in the proper state
(see Command Truth Table). The PRECHARGE command can be usedto pre- charge
each bank independently or all banks simultaneously. The all banks (AB) flag and the bank
address bit are usedto 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 isissued.

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], R1) BA2 (CA[2], R2) BA1 (CA[1], R2) BAO (CA[0], R2) Precharged Bank
0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don't Care Don't Care Don't Care All banks

Burst READ Operation Followed by Precharge

The PRECHARGE command can be issued asearly asBL/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 issuedto 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 TI T2 T3 T4 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Ty Ty+1 Ty+2 Ty+3 Ty+4

CA[5:0] <VaI|d XVaIId XValid XVaIld va.d ; .'Vand XValid XValld XValld XValld XValld XVaI«d XValld

‘RTP RP

AT
=
%
Q.
><
<
g
(=%
= -
<
& 3 -::
>°<
o
>
<
0
a
~

><

Command< READ-1 X jCASZ XVaJid‘.: l-' XPRECHARGEX EVa!id X valid E Xvaid.}'l ACT-1 X ;Acr-zv >
o« LT /////// T U, //// //> O /,///////
s IR VI i T] ~,><<>><<>><<><<><<2 @@@WM/ .

Valld

D Transitioning Data Don't Care

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

T0 T T2 T3 T4 TS5 TI10 Ti11 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]

(7778
[ : :
.
.
: :

Valid

l:l 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 + 1+ RU('WR /'CK) clock cycles.
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Figure 67: Burst WRITE Followed by PRECHARGE 6 BL16, 2nCK Preamble, 0.5nCK Postamble

Tx+l Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Ta Ta+l Ta+2

Ty Tyrl Ty+2 Ty+3 TyH4

| 1 1 | 1
Command( WRITE1 X cas2 Yvaid! | X vaid X valid X valid l'l{} vaid ¥ vhw Y PRECHARGEY vaig! | )} AcT X ACT-2 )

i
- | w| |

DQS_c 7 2]
DQS_t / |

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 aWRITE command isissuedto the device, the AP bit (CA5) can be setto 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 isissued, 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 isHIGH when aREAD command isissued, 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 issuedto 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 6 BL16, Non-Toggling Preamble, 0.5nCK Postamble

TR:  TED T2 T3 T4 Tx Tx+l 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
CA[5:0] <Va||d XVaIid XVaIid XVahd va.d ; 'Vand XVahd XValld XVahd XVaJ:d XVahd XValld XValld ] .\/and XValid XValidXValid XValld>
‘RTP | ®epb |

Command< RVE:)R;,'E X : XValid.." I-' X ;Validr X valid X Valid 1 XVa;id'." [-' X AT X ;ACT-Z: >
S I ,////// exle we 11/
oo 27 ,.////// THITTI V0T ///////////> T W)

Valid

D Transitioning Data Don't Care

Figure 69: Burst READ With Auto Precharge 6 BL32, Toggling Preamble, 1.5nCK Postamble

TO T1 T2 T3 T4 TS Ti0 T11 T12 Ti3 Ti4 Tx Tx+l Tx+2 Tx+3 Tx+4 Tx+5 Ty Ty+1 Ty+2 Ty+3 Ty+4

Command( READ-T X CAs-2 X

i
DQS_I v | 77 | | ) l
DQS_c ‘ | ‘ {
DQI15:0] — 17
DMI[1:0] ‘ / : 4 ¢

[:] 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 6 BL16, 2nCK Preamble, 0.5nCK Postamble

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

Command( WRITE] X cas2 X \Alfﬂ_ X valid X Valid X Valid “ valid X v;&w X vaid X \‘)a?ld ACTA X ACT-2 )

DQS_c |
DQS_t |

DQ[15:0] 1y
DMI[1:0] 2. ‘ A &

l:' 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 'CK 1,6
BL =16 (to same bank as READ)

PRECHARGE ALL RTP t(CK 1,6
READ PRECHARGE 8!CK +'RTP 'CK 1,6
BL =32 (to same bank as READ)

PRECHARGE ALL 8!CK +'RTP 'CK 1,6
READ PRECHARGE nRTP 'CK 1,10
w/AP BL = (to same bank as READ w/AP)
16 PRECHARGE ALL nRTP t(CK 1,10

ACTIVATE nRTP +'RPpb 'CK 1,8,10

(to same bank as READ w/AP)

WRITE or WRITE w/AP llegal o]

(same bank)

MASK-WR or MASK-WR w/AP llegal o}

(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)/ CK) + BL/2 tCK 3,4,5

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

READ or READ w/AP llegal o]

(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 8!CK +nRTP 'CK 1,10
W/AP BL = (to same bank as READ w/AP)
32 PRECHARGE ALL 8!CK + nRTP tcK 1,10

ACTIVATE 8!CK + nRTP + 'RPpb 'CK 1,8,10

(to same bank as READ w/AP)

WRITE or WRITE w/AP llegal o}

(same bank)

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

(same bank)

WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/ CK) + BL/2 t(CK 3,4,5

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

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

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

READ or READ w/AP lllegal 0

(same bank)

READ or READ w/AP BL/2 'CK 3

(different bank)
WRITE PRECHARGE WL +BL/2 +'WR +1 t(CK 1,7
BL =16 and 32 (to same bank as WRITE)

PRECHARGE ALL WL +BL/2 +'WR +1 'CK 1,7
MASK-WR PRECHARGE WL +BL/2 +'WR +1 t(CK 1,7
BL=16 (to same bank as MASK-WR)

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

PRECHARGE ALL WL +BL/2 + nWR +1 'CK 1,11

ACTIVATE WL +BL/2 +nWR +1+'RPpb tCK 1,811

(to same bank as WRITE w/AP)

WRITE or WRITE w/AP llegal o}

(same bank)

READ or READ w/AP llegal o]

(same bank)

WRITE or WRITE w/AP BL/2 'CK 3

(different bank)

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

(different bank)

READ or READ w/AP WL +BL/2 +'WTR +1 tCK 3,9

(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
MASK-WR w/AP |PRECHARGE WL +BL/2 + nWR +1 ICK 1,11
BL =16 (to same bank asMASK -
WR w/AP)
PRECHARGE ALL WL +BL/2 +nWR +1 tCcK 1,11
ACTIVATE WL +BL/2 +nWR +1+'RPpb tCK 1,811
(to same bank asMASK -
WR w/AP)
WRITE or WRITE w/AP llegal o} 3
(same bank)
MASK-WR or MASK-WR w/AP llegal o] 3
(same bank)
WRITE or WRITE w/AP BL/2 tCcK 3
(different bank)
MASK-WR or MASK-WR w/AP BL/2 ICK 3
(different bank)
READ or READ w/AP llegal o} 3
(same bank)
READ or READ w/AP WL +BL/2 +'WTR +1 tCK 3,9
(different bank)
PRECHARGE PRECHARGE 4 tcK 1
(to same bank as PRECHARGE)
PRECHARGE ALL ICK 1
PRECHARGE ALL |PRECHARGE tcK 1
PRECHARGE ALL 4 ICK 1

Notes: 1. For a given bank, the precharge period should be counted from the latest PRECHARGE
command, whether per -bank or all -bank, issued to that bank. The precharge period is
satisfied 'RP after that latest PRECHARGE command.

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

illegal.

3. After READ w/AP, seamlessREAD 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 MR1 OP[7] respectively.
5. 'WPRE values depend on MR1 OP[2] respectively.
6. 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]).
7. 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 iW
ted by dividing tRPpb (in ns) by !CK (in ns) and rounding up to the next integer: -
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 1.

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 t(CK 2,3
W/AP BL = (different bank) + RD('RPST) - ODTLon - RD(*ODTon(MIN)/ !CK) +
16 1
MASK-WR or MASK-WR W/AP RL + RU('DQSCK(MAX)/ 'CK) + BL/2 tCK 2,3
(different bank) + RD('RPST) - ODTLon - RD('*ODTon(MIN)/ 'CK) +
1
READ WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/ 'CK) + BL/2 tCcK 2,3
W/AP BL = (different bank) + RD('RPST) - ODTLon - RD('*ODTon(MIN)/ 'CK) +
32 1
MASK-WR or MASK-WR w/AP RL + RU('DQSCK(MAX)/ 'CK) + BL/2 tCcK 2,3
(different bank) + RD('RPST) - ODTLon - RD(*ODTon(MIN)/ !CK) +
1

Notes: 1. The rest of the timing about PRECHARGE and AUTO PRECHARGE is same as DQ ODT
is disable case.

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

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

RAS Lock Function

READ with AUTO PRECHARGE or WRITE/MASK WRITE with AUTO PRECHARGE 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.
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Figure 71: Command Input Timing with RAS Lock

T0 T T2 T3 T4 T T20 T21 T22 T23 T24

) ACTIVATE-1 XACTIVATE-2 X

'RCD = 20nCK

RAS

[/:’ Don't Care

Notes: 1. tCK (AVG) =0.938ns, Data rate = 2133 Mb/s, tRCD(MIN) = MAX(18ns, 4 nCK), tRAS(MIN) =
MAX(42ns, 3 nCK), 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, aswell 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

i

Notes: 1. Burst length at read = 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 REFRESHcommand is initiated with CS HIGH, CA0 LOW, CA1 LOW, CA2 LOW, CA3
HIGH and CA4 LOW at the first rising edge of clock. Per  -bank REFRESH is initiated with
CA5 LOW at the first rising edge of the clock. The all-bank REFRESHis 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 CAQ, CA1, and CA2 on the second rising edge of the clock. Bank address BAO is

transferred on CAO, bank address BAL is transferred on CAL, and bank address BA2 is

transf erred on CA2. A per -bank REFRESH command (REFpDb) to the eight banks can be

issued in any order. For example, REFpb commands may be issued in the following or - der: 1-
3-0-2-4-7-5-6. After the eight banks have been refreshed using the per -bank RE- FRESH
comm and, the controller can send another set of per-bank REFRESHcom - mands in the
same order or adifferent order. One possible order can be a sequential round robin: 0 -1-2-
3-4-5-6-7. ltis illegal to send a per -bank REFRESH command to the same bank unlessall
eight banks have been refreshed using the per-bank REFRESHcommand. 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 aREFabcom - 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
REFRESHcommands in any order, asdescribed 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 asindicated by the row coun- ter. If
another REFRESHcommand (REFab or REFpb) isissued after the REFabcom - mand then
it usesan 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 BA1l BAO Bank # Counter # (Row Address #)
0 Reset, SRX, or REFab To O o}

1 REFpb 0 0 0 0 Oto 1 n

2 REFpb 0 0 1 1 1to 2

3 REFpb 0 1 0 2 2to 3

4 REFpb 0 1 1 3 3to 4

5 REFpb 1 0 0 4 4t0 5

6 REFpb 1 0 1 5 5t0 6

7 REFpb 1 1 0 6 6to 7

8 REFpb 1 1 1 7 7t0 0
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Table 107: Bank and Refresh Counter Increment Behavior (Continued)

Refresh Bank Ref. Conter #

# Command BA2 BAl BAO Bank # Counter # (Row Address #)
9 REFpb 1 1 0 6 Oto 1 n+1

10 REFpb 1 1 1 7 1to 2

11 REFpb 0 0 1 1 2to 3

12 REFpb 0 1 1 3 3to 4

13 REFpb 1 0 1 5 4t0 5

14 REFpb 0 1 0 2 5to 6

15 REFpb 0 0 0 0 6to 7

16 REFpb 1 0 0 4 7t0 0

17 REFpb 0 0 0 0 Oto 1 n+2

18 REFpb 0 0 1 1 1to 2

19 REFpb 0 1 0 2 2to 3

20 REFab \% \% \% Oto 7 ToO n+2

21 REFpb 1 1 0 6 Oto 1 n+3

22 REFpb 1 1 1 7 lto 2

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:

A 'RFCab has been satisfied after the prior REFab command
A 'RFCpb has been satisfied after the prior REFpb command
A 'RP has been satisfied after the prior PRECHARGE command to that bank

A 'RRD has been satisfied after the prior ACTIVATE command (for example, after acti -
vating arow in adifferent 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 accessedby a READ or aWRITE 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:

R 'RFCpb must be satisfied before issuing a REFab command

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

A '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 REFRESHcommand). The REFab
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command must not be issuedto the device until the following conditions have been
met:

A 'RFCab has been satisfied following the prior REFab command
A 'RFCpb has been satisfied following the prior REFpb command
R '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:

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

Table 108: REFRESHCommand 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 1
ACTIVATE command to a different bank than the prior ACTIVATE
command

Note: 1. A bank must be in the idle state before it isrefreshed; therefore, REFabis 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
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Figure 74: Per-Bank REFRESH Operation

Notes: 1. Inthe 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 atotal of eight REFRESHcommands allowed to be postponed. And a maximum
number of pulled-in or postponed REFcommand 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- FRESHcommands is
limited to 9 x 'REFI. A maximum of eight additional REFRESH commands can be issuedin
advance (pulled in), with each one reducing the number of regular REFRESH commands
required later by one. Note that pulling in more than eight REFRESHcommands 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 REFRESHcommands 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 REFRESHcommands 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, amaximum of 8 x 8 per-bank REFRESHcommands can be
postponed or pulled in for scheduling efficiency. At any given time, a maximum of 2 x 8 X8
per-bank REFRESHcommands can be issuedwithin 2 x 'REFI.
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