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FEATURE$GDb NonVolatile SIDDR4 Sphtransfer Torque MR

128Mb x8, 64Mb x16 Organization
Supports most DDR4 features
Page size of 1024 bits for x8, 2048 bits for x16
VDD =VDDQ =1.2v
VPP = 2.5V
hLISNF Ay 3 ¢ SYLISNI GdzNE 2
667MHz clock frequency (fCK)
On-Device Termination
Multipurpose register READ and WRITE capability
PerDevice addressability (PDA) \/
Connectivity Test RoHS
OnChip DLL aligns DQ, DQS, B@%ition with CK transition
Burst lengths of 8 addresses
Alladdresses and control inputs are latched on rising edge of the clock
Bit ErrorRate (BER¥ 1 x 10!
Data Retentior= 3 months at 70C
Cycle Endurance =1 x}40
Standard=BGA packageptions (Pbfree):
78-ball (10mm x 13mm) packag@e3)
96-ball (10mm x 13mm) package (x16)
Timingq cycle time
1.5ns @ CL = 10 (®DR4 1333)
15ns @ CWL =9 (PDR4 1333)

c /
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1./ hbxt9b¢Lhb{Z 59CLbL¢LhIhD({ ' b5 [/ h
1.1 Signal Naming Convention

w¢KS GSN¥Ya auidé YR aygpoOé Icomdplenuzat6fR (2 NI LIN
RAFFSNBYGALIT aAraylrt LI AND ¢tKSasS GSNx¥a N
For example, differential data strobe pair DQS, DQS# is now referred to as

DQS_t, DQS c.

WweEKS GSNYXY Guyé Aa dzaASR (2 NBtehdeshg 0 || & A 3

LINS @A 2dzat e dzaSR al ¢ OKIFNIOGSNE® C2NJ SEI
w Addressing is denoted as BGJn] for bank group, BA[n] for bank address, and A[n]
for row/col address.

1.2 Device Pin Signal Level

w HIGH: A device pin is driving theilog state.

w LOW: A device pin is driving the logic O state.

w HighZ: A device pin is tstate.

w ODT: A device pin terminates with the ODT setting, which could be terminating
or tristate depending on the mode register setting.

1.3 Bus Signal Level

w HIGH: Onelevice on the bus is HIGH, and all other devices on the bus are either
ODT or Higlz. The voltage level on the bus is nominalyy/

w LOW: One device on the bus is LOW, and all other devices on the bus are either
ODT or Higiz. The voltage level on the bissnominally ¥(DC) if ODT was
enabled, or ¥sgf HighZ.

w HighZ: All devices on the bus are HighThe voltage level on the bus is
undefined as the bus is floating.

w ODT: At least one device on the bus is ODT, and all others ar& Higjle
voltage leel on the bus is nominallypWo
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2 b/ ¢Lhb![ 59{/wLt¢Lhb

TheSTDDR4levice hereafter referred to asthe device) is a highspeed norvolatile random
access memory internally configured as sixteen banks (4 bank groups with 4 banks for each
bankgroup) for x8 devices, and eight banks for each bank group (2 bank groups with 4 banks
each) for x16 devices. The device uses double data rate (DDR) architecture to achieve high
speed operation.

TheSTDDR4 architectures essentially an 8n prefetch artdoture with an interface designed

to transfer two data words per clock cycle at the I/O pins. A single read or write access for a
device effectively consists of a singlelhwide, four clock data transfer at the intern@lF
DDR<4core and two corresporidg onehalf clock cycle data transfers at the 1/0 pins.

Read and write accesses to theviceare burstoriented. Accesses start at a selected location

and continue for a burst length of eight or a chopped burst of four in a programmed sequence.
Operatian begins with the registration of an ACTIVATE command, which is then followed by a
READ or WRITE command. The address bits registered coincident with the ACTIVATE command
are used to select the bank and row to be accessed (BG[1:0] select the bank gre8pdnd

BGO selects the bank group for x16; BA[1:0] select the bank, and A[15:0] select the row. See
GTable7 - Addressing Scherédéor more details). The address bits registered coincident with

the READ or WRITE command are used to select the starting column location for the burst
operation,to determine if the auto PRECHARGE command is to be issued (via A10), and select
BC4 or BL8 ade onthe-fly (OTF) (via A12) if enabled in the mode register.

Prior to normal operation, the device must be powered up and initialized in a predefined
manner.

Refresh operations are not required to maintain data can optionally be used to move data
from the row address buffer to the persistent memory ar(ajore) See REFRESH and SELF
REFREStdmmandoperation.

3.{®5wWnt 9/ L CLYDbIC¢ILbh/b9 &HDL! ¢3L h b {
''b{!tt hhwm¢®L5h b {

Thissectiondefines the SDDRAVIRAM featuresvhich arelisted asunsupported ordeviations

or enhancements tdEDEQ 35¥9-4A DDR4&pecification as it pertaingo 9 @ S NESEDDRA &

persistent memory. SIDDR4 is DDR&ke, which means it is identical to the /ATC

characteristicand ball/signal assignments tboDR4 memory but varies according to features

defined in tre Tables 13 below. The purpose of thisectionis to highlightthe variationsof 1Gb

x8, andlGbx16STDDRMRAMLIS NE A a1 Sy i YSY2 NB SRO&A 0Sa FTNRY V
Secification
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Tablel - JE®79-4A SecificationEnhancements

FeatureDescription JEDEC Specification Everspin Specification

tST¢ store time Not Applicable Store operatiorperiod (tSHin=380n9. Addressedank(s)
will not be available for a subsequent row activation for
specified time (tST) after th&tore operationis issued
SeedTablel8 ¢ STDDR41333 Speed Bin Operating
Conditiong for more information.

NOMEMmode MRO[13]is reserved = SetMRO0[13]=1 to invok& OMEM before calibration.
andmust be Reset MRO[13]=0 after calibration is complet(OMEM
programmed to 0  mode must be used during calibratitm prevent writing
during MRS overdata stored in the persistent memory arrayhen

NOMEM mode is activ@MRO0[13]=1) data written to the
device is only written to th@agebuffer and not
committed to the persistent memory array.

REFRESH REFRESH MR3[8] = 1; Refresh command executestore all banks
operation.
MR3[8] = Odisabled, refresh does not perfora store
operation.
tRFGin must meet tST timingThestore operationcan
use bank staggeriigo amortize power usage over time.
See theREFRESH commadiod more information.

SELIREFRESH SELIREFRESH  While in SelRefreshmode,a store operationwill
automatically beexecutal until all data has been moved
from all pages in all banlsto the persistent memory
array. If there are no pages be stored the SeHRefresh
Gommand has no effecttRFGin must meet tST timing.
Thestore operationcanuse bank staggeridgo amortize
peakpower usage over timeSee theEELFREFRESH
Operationon pagell6for more information.

11 § $ablé65c BankSaggeringlimet = awo @T Yc 8 mMn 6n ol yl&akdzZJRIGS0 F2N En
banks/update for x8 is the only bank staggering mode supported. Operationguied®y storing 4 (or 8) banks at a

GAYS dzyGAf FEf LI IS 060dzZFFSNI RFGI KI & TabeBYSTWRRAISI Ay (2 (K.
Speed Bin Operating Conditigns T2 NJ G { ¢ GA YAy 3
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Table2 - JED79-4A JecificationDeviations

FeatureDescription JEDEC Specification Everspin Specification
x4 DQ x4, x8, x16 DQ x8 and x1@Q only
Speed Bin -1600,-1866,-2133,-2400 -1333 only (fCK = 667Mhz)
Extended RAS timings tRCLhin = 12.5ns tRCLhin =135ns
tRCD, tRC, tRAS, tFAW  tRGnin = 44.50ns tRGnin=190ns
tRP tRASin =32ns tRASin =143ns
tFAWhin=15ns tFAWhin= 240ns
tRRwin=12.5ns tRRwin = 7.5ns
CL- CAS Latency MRO0[6:4,2] MRO[12,6:4,2] = 000QLL=10 only
CWL- CAS Write Latency MR2[5:3] MR2[5:3] = 000; CWL=9 only
Page size 4096b (x4)8196b (x8), 16,384b 1024 (x8), 204& (x16)
(x16)
tPW_RESET-Reset Pulse  tPW_RESET = 1us tPW_RESET_S = 2BuS
Width short

1 Some DRAM vendors have deviated from the JEDEC JESBp@cification and defined short and long versions
of tPW_RESET. tPW_RESET = 1uS should now be tPW_RESET_S (short) = 20uS. tPW_RESET _L (long) remains
unchanged.

©2022 Everspin Technologies 13 EMD4EO01GAS2 RevisioB 10/2022
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Table3 - JEED/9-4A Unsupported Feature Options

FeatureDescription JEDEC Specification Everspin Specification
Addressing 2Gb, 4Gb, 8Gb, 16Gb 1Gbonly
RA = AAL7 RA = AQA15
CA = AQA9 CA = AQA6
Command/Address Latency MR4[8:6] MR4[8:6]=000; Disableonly
READ Burst Type MRO[3] MRO[3] = 0Sequentiabnly; starting burst CA

for BL8should be CA[2:0]=000;
for BCACA[1:0] = 00;

Temperature Controlled Refresh MRA4[3] MR43] = 0;Disableonly

Fine Granularity Refresh Mode MR3[8:6] MR3[8:6] = Q0; to set tSTsee sec. 12.17

Low power ArrayseltRefresh MR2[7:6] MR2[7:6] = 00; Manual Mode only (Normal
Operating Temperature Range)

SeltRefresh Abort MRA4[9] MR4[9] = 0; Disable only

MPR Read Data Format MR3[12:11] MR3[12:11] = 00; Serial only

MPR Page 1 CA Parityerror Log) Not defined

Data Bus Inversion MR5[12:11] MR5[12:11] = 00; Disable only

Write CRC MR2[12] MR2[12] = 0; Disable only

CA Parity MR5[2:0] MR5[2:0] = 000; Disable only

Programmable Preamble MR4[12:11] MR4[12:11] = 00; 1CK only

Dynamic ODT MR2[10:9] MR2[10:9] = 00; Dynamic ODT disabled
Use RTT_PARK only (See ODT Impedance |
below)

Additive Latency MR1[4:3] MR1[4:3]=00; AL Disabled

Geardown mode MR3[3] MR3[3] = 0; 1/2 rate support only

Temperature sensor readout MR3[5] MR3J[5] = 0; Disable only

hPPR Post package repair mode Not in speé Not applicable to SDDR4 MRAM devices

sPPR Soft post package repair Not in speé Not applicable to SDDR4 MRAM devices

mode

1 Some DRAMendors have deviated from the JEDEC JE8BBpecification and defined their own parameters.

©2022 Everspin Technologies 14 EMD4EO01GAS2 RevisioB 10/2022
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FeatureDescription JEDEC Specification Everspin Specification

ODTimpedance Mode MR1[10:8]c RTT_NOM | MR1[10:8] = 000; RTT_NOM disable only
MR5[8:6]¢ RTT_PARK
MR2[10:9]c RTT_WR | MR5[8:6] = 00@ 111; RTT_PARK supported for
disable (000) or impedance range from RZQ/4
RzQ/7

MR2[11:91 = 000; Dynamic ODT Off and RTT _\
disable

Of the four impedance states, RTT_PARK,
RTT_NOM, RTT_WR and Data Termination
Disable, RTT_PARK and Data Termination Dis
are the only modes supported
ZQCS ZQCalibration Short ZQCS command is usec The ZQCS commanchist supported ands
to perform periodic ignored The standard SIDDRA4 initialization
calibrations to account = sequence is similar to the DDR4 initialization
for voltage and sequence and should includ@CLZQCL can be
temperature variations = issued during normal operation.
using a shorter amount
of timethan ZQCL
Asynchronous ODT timing mode MR1[0] = O; DLL off MR1[0] =0Asynchronous ODT mode is selecte
MR1[0] = 1; DLL on when thedeviceruns in DLioff mode.

MPSM- Max Power Saving Mode MRA4[1] MRA4[1] = 0; Disable only

tCPDED GCommandPassDisable Delay tCPDEBR 4CK tCPDED = 8CK

tCKSREValid Clock Requirement afte tCKSRE = 5CK tCKSRE = tST; See tST timing parameter
SelfRefresh Entry (SRE)

tWTR_L: Delay from start of internal = max(4CK,7.5ns) tWTR_L=tWTR_S = nGigK

write transaction to internal
read command fosamebank group

tWTR_S Delay from start of internal ~ max(2CK,2.5ns) tWTR_L=tWTR_S = nigK

write transaction to internal

read command fodifferent bank

group

Connectivity Test mod€CK_t and CK_« Upon the assertion of | During CT mode, CK_t and CK_c ralvgays be
the TEN pin, the CK_t | complementary of each other to maintain
and CK_c signals will be differential inpus.
ignored and the DDR4

1 Some memory vendors have deviated from the JEDEC J&8[Sfcification by including A11 (MR2[11:9])
instead of MR2[10:9]
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FeatureDescription JEDEC Specification Everspin Specification

memory device enter
into the CT mode

after tBSCAMNNable
Caonectivity Test mode: MT2 = XOR (A2, A5, A1 MT2 = XOR (A2, A5, A13)
Min Term Equations
Connectivity Test Mode: x4, X8, x16 X8, x16 supported
LogicOutput Equations SeedTable64 - Connectivity Mode Pin

Description and Switching Levels

1 Some DRAM vendors have deviateoh the JEDEC JESE2ecification and defined their own min term
equations. Note: Everspin uses A13 instead of A15 in the MT2 min term equation.

____________________________________________________________________________________________________________________________________________|
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4{Lat[LCL95 {¢!¢9 5L! Dw! a

This simplified state diagram provides an overview of the possible state transitions and
the commands to control them. Situations involving more than one bank, the enabling
or disabling of ordie termination andhow data is automatically moved from tipage buffer
into the persistent arraystore)andsome other events are not captured in fugtdil.

IVrerpa Vrerpa
Ryretc Ry etc
From ™ Tr
) RESET MRS, MRS
Persistent -, O
IDLE CKE L

Power
applied

Precharge

Precharge

Power Down Power Down

Initialization

REFRESH Pending Calibration
IDLE

Off
Automatic CKEL
LRI LLLLLIL = Sequence Activating
Active
Command Power
Sequence

Bank

Persistent Active

States

Reading

PRE, PREA

Reading

Figurel - Simplified State Diagram for SDDR4
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Table4 ¢ State Diagram Command Definitions

ACT Activate

ACT * Activate with a store@peration Whenan ACT command issuedfrom
the Pending IDLE stasndif a Bank was previously opened, the contel
of the page buffer from the previousyclewill automaticallybe moved
into the persistent memory array (stowgperation) ONLY if the pending
access is to a different rowithin the same bank This action will
guaranteedatapersistence before overwriting the page buffduring
the currentcycle If thependingpage access te a different bankno
automatic store will occuand the Activate will proceed as normal.

MPR Multipurpose register

MRS Mode register set

PDE Enter powerdown

PDX Exit powerdown

PRE Precharge

PREA Precharge all

READ RD, RDS4, RDS8

READ A RDA, RDAS4, RDASS

RERESH Refresh When the REFRESH command is issued, MR3[8]=1 must be
Whenenabled, the Refresh command will move data from each
page buffer from each bank into the persistent memory afisipre)
Fne granularity refresimode is not supported. Séeablel - JE®79-4A
PecificationEnhancementdor more details.If MR3[8]=0, the REFRES
command will be ignored and no store all operation will occur.

RESET Start reset procedure

SRE SelfRefresh entry While in SeHRefresh mode the device
will automatically move all data from each page buffer in each bank i
the persistent memory array. If there are no pages to store, the Self
Refresh command has no effect. tRiR@ust meet tST timing.

SRX SelfRefresh exit The SRX command vaduse daransitionfrom the Sel
Refresh stat¢o the Persistent IDLE state.

TEN Boundary scan mode enable

WRITE WR, WRS4, WRS8

WRITE A WRA, WRAS4, WRASS

ZQCL ZQ calibration long

ZQCS ZQ calibration shotis not supported

©2022 Everspin Technologies 18 EMD4EO01GAS2 RevisioB 10/2022
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STDDR4 MRAM is a higipeed, dynamicandom-accesgersistent memory. It is internally
configured as 16-bank (4banks per Bank Group) MRAM for the x8 device abdrik (2banks

per Bank Group) for the x16 device.
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BG2 Bank Group 3
Bank 3 atch
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Control
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PAR BG1 *WA i
T CAL2:0] ! L
TEN —md R B;:znzk 3 _ DLL -y LA
() Command decode [Bank1 { &
s b nasn o wen (] [Len 2 e oara)
<| Mode Registers. ‘_ 16 860 Bank Group 0 READ 8 READ QS L.DGS ¢
Row- FIFO and drivers
Zy Row address Memory Array data
latch (65,536 x 16 x 64)
L Address MUX vDDQ/2
16 MUX and
decoder — RTTIPARK)
Sense Amplifiers aca
& Swi
A
a, 1024 o
BG DQs_t,
BC4 s
and /‘__ -
A[15:0] BA QoTF WRITE Das c
N 10 gating = driver”
BAILO 4 control river's
BG[[I-O]] 7 » logic DM Mask Logic umn - 64 Data 8 and
: ecoder | | Interface ;
Address Data input vDDQ/2
Register logic
RTT(PARK)
SW1
Column Column '
Address" . é Decoder | | Az -
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7 KK n (select upper or lower
I . CK e for BCA: DM _n
atch 3, ARo) DM n nibble for BC4)

Figure2 - Functional Block Diagram fdartGb x8STFDDR4
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oDT. To ODT/output drivers
- Control
a0 zacAL .
RESET _n Control vrelbQ VDDQ/2 8
CKE —p Logic — BC4 CK, CK_n l
€Kt CK_c —— orF Bank 0 CAlz:0] RITIPARK) |
PAR Bank Group 1 SW1 B
TEN —m— S, Bank 3 Bank 3 h &
i /
Csn —»h— Command decode = B:r]l.k2 —Bank ~
ACT n — | RAS_n, CAS_n, WE_n an an READ Day7:0]
-n T = = = Bank 0 Bank 0 FIFO and DQ[15:00] :
Mode Registers " :GD Bank Group 0 128, data 16 READ LD@S t,1DQS ¢, UDOS t,UDASs ¢ DO[15:8]
H —l I_ /_( ow- :
H MUX drivers
Row address Memory Array 128,
Add latch (65,536 16 x 128)
; MLiss and BCa vDDQ/2
decoder — o RTTIPARK)
Sense Amplifiers
BCa
3 048]
BG LDAS_t,
p LDQS ¢
an
BA ) WRITE |- UDas_t,
3 control 10 gating driver’s upas_c
A[15:0] Jogic DM Mask Logic n 128 Data 16 and
BA[L:0) Address |1 oder Interface N
8GO ﬂ’ Data inpu vDDOY2
Register [ logic
RTT(PARK)
SW1
Column Column T [}
Address 4 Decoder cA2 e
7 counter/ - CKCK 1 {select upper or lower LM
latch 3, i UDM_n, LDM_n nibble for BC4) : —
¥ LDM_n
i

Figure3 - Functional Block Diagram for 1Gb x16-BDDR4
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Table5 - SFDDR4XoecificFeatures

Parameter Description Limit

It is expected that bit errors will be soft and distributed
Bit Error Rate (BER) Limit t throughout the address space so that the system ECC

end of life correct the errors. BER is after the maximoomber of 12D s
page cycles, or at the end of endurance life.
A cycle is defined as a page acaasd the limit of cycles

Cycle Endurance is for a single pageAfter this number of cycleis a single 0BT

page the bit error rate may start to increase almothe
BER limit. System level ECC is recommended.

The data retention time starts from the last read or wrif
cycle and does not differ between powered up and
powered down conditionsTo maintain data longer than
the specified Data Retention time, scrubbing data at a
faster rate is required. Please contact Everspin for
related application notes.

Data Retention 3 months@ 70°C

5.1 Available Speed Bins
Table6 ¢ Available Speed Bins

Speed Bin Orderable Part Number tRCD tRP
S) Family (ns) (ns) (ns)

1333 EMD4E001Gxx-150 135

5.2 Addressing Scheme

Table7 - Addressing Scheme

Parameter 128Mb x8 64Mb x16
Number of Banksroups 4 2
Bank Group Address BG[1:0] BGO
Bank Count per Group 4 4
Bank Address in Bank Group BA[1:0] BA[1:0]
Row Addressing 64K (A[15:0]) 64K (A[15:0])
Column Addressing 128 (A[6:0]) 128 (A[6:0])
Page SiZe 1Kbit 2Kbits

1Page size is per bank, calculated as follows: Page size = 2COLBITS x ORG, where COLBITS = the number
of column address bits and ORG = the number of DQ bits.
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The devicepackage ball assignments conform to JESDY $tandard DDR4 SDRAM footprints
and pin assignment®r 78-ball and 96éball packages

Table8 - 78-ball FBGAx8 (top view)

Row 1 2 3 4 5 6 7 8 9 Row
A DM n/ A
DD VSSQ TDQS c© TDQS t VSSQ VSS
B PP DDQ DQS c DQ1 DDQ ZQ B
C DDQ DQO DQS t DD VSS DDQ C
D VSSQ DQ4 DQ2 DQ3 DQ5 VSSQ D
E VSS DDQ DQ6 DQ7 DDQ VSS E
F DD NC oDT CK t CK ¢ DD F
G VSS NC CKE CS n NC TEN G
H DD WE_n/Al14] ACT_n CAS n/Al§y RAS n VSS H
J VREFCA BGO Al10/ AP Al2/ BC n BG1 DD J
K VSS BAO A4 A3 BAl VSS K
L RESET _n A6 A0 Al A5 ALERT n L
M DD A8 A2 A9 A7 PP M
N VSS All PAR NC Al3 DD N
1 2 3 4 5 6 7 8 9
©2022 Everspin Technologies 22 EMD4EO01GAS2 Revisiod 10/2022

All Rights Reserved



= EVERSPIN’
gmm TECHNOLOGIE EMD4EOO1GAS
Table9 - 96-ball FBGA16 (top view)

Row 1 2 3 4 5 6 7 8 9 Row
A VDDQ VSSQ DQS8 DQSU c | VssQ | YDDQ | A
B VPP VsSs DD DQSU t DQ9 VDD B
C VDDQ DQ12 DQ10 DQ11 DQ13 VSSQ | C
D VDD VSSQ DQ14 DQ15 VSSQ | VDDQ D
E VsSs UDM_n VSSQ LDM_n VSSQ VSS E
F VSSQ VDDQ DQSL_c DQ1 VDDQ ZQ F
G VDDQ DQO DQSL_t VDD VSS 'ODQ | G
H VSSQ DQ4 DQ2 DQ3 DQ5 VSSQ | H
J VDD VDDQ DQ6 DQ7 VDDQ VDD J
K VSs CKE oDT CK_ t CK_c VSS K
L VDD | WE_n/Al4] ACT n CS. n RAS n| VDD L
M YREFCA CAS n/ M

BGO Al10/ AP Al12/BC n A15 VSS
N VSS BAO A4 A3 BA1 TEN N
P RESET n A6 A0 Al A5 ALERT n P
R VDD A8 A2 A9 A7 VPP R
T VSs All PAR NC Al3 VDD T
1 2 3 4 5 6 7 8 9
Tablel10- SignalFunctions andDescriptions
Symbol Type Name Description
A[15:0] Input Address Inputs  Address inputs:Provide the row address for ACTIVATE

Al10/ AP Input

Auto Precharge

©2022 Everspin Technologies
All Rights Reserved

commands and the column address for READ/WRITE
commands to select one location out of the memory array
the respestive bank. (A10/AP, A12/BC_n, WE_n/Al14,
CAS_n/A15 have additional functions, see other entries in
table.) The address inputs also provide the opcode during
MODE REGISTER SET command.

Auto-precharge: A10 is sampled during READ and WRITE
commands to determine whether Auforecharge should be
performed to the accessed bank after a READ or WRITE
operation. (HIGH = auto precharge; LOW = no auto
precharge) A10 is sampled during a PRECHARGE comme
to determine whether the PRECHARGE applies to one bar
(A10 LOW) or all banks (A10 HIGH). If only one bank is to

23 EMDA4EO01GAS2 Revisiod 10/2022
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Symbol Type Name Description
precharged, the bank is selected by the bank group and be
addresses.
Al12/ Input Burst chop Burst chop: A12/BC_n is sampled during REsid WRITE
BC_n commands to determine if burst chop (@he-fly) will be

performed. (HIGH = no burst chop; LOW = burst chopped)
{ S Fablé60- Command Truth Tabde

ACT_n  Input Command Input  Command inputACT _n indicates an ACTIVATE command
When ACT _n (along witbS_n) is LOW, the input pins RAS_
CAS _n/Al5, and E_n/Al14 are treated as amldressnputs
for the ACTIVATE command/hen ACT_n is HIGH (along w
CS_n LOW), the inpptns RAS_n, CAS_n/A15, and WE_n//
are treated as normal commands that use the RAEAS n,
YR 29y¢gy aTadesd- Conmand Bulh Tabied

BA[1:0] Input Bank address Bank address inputsDefine the bank (within a bank group)

inputs to which an ACTIVATE, READ, WRITE, or PREEEHARG

command is being applied. Also determines which mode
register is to be accessed during a MODE REGISTER SET
command.

BG[1:0] Input Bank group Bank group inputsDefine the bank group to which a

address inputs REFRESH, ACTIVATE, READ, WRITE, or PRECHARGE «

is being applied. BGO also determines which mode registe
to be accessed during a MODE REGISTER SET commant
BG[1:0] are used in the x8 configurations. BG1 is nad use
the x16 configuration.

CK_t, Input Clock Clock:Differential clock inputs. All address, command, and

CK c control input signals are sampled on the crossing of the
positive edge of CK_t and the negative edge of CK_c.

CKE Input Clock enable Clockenable: CKE HIGH activates and CKE LOW deactiva

the internal clock signals, device input buffers, and output
drivers. Taking CKE LOW provides Precharge Foawen and
SeltRefresh operations (all banks idle), or Active Peldewn
(row active in any bat). CKE is asynchronous for $dfresh
exit. After \kerchas become stable during the powen and
initialization sequence, it must be maintained during all
operations (including SEHHEEFRESH). CKE must be
maintained HIGH throughout read and write acges Input
buffers (excluding CK,_t, CK_c, ODT, RESET_n, and CKE
disabled during powedown. Input buffers (excluding CKE
and RESET_n) are disabled duringreétésh.
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Symbol Type Name Description

CS n Input Chip select Chip selectAll commands are masked when CS_n is
registeled HIGH. CS_n provides for external rank selectio
on systems with multiple ranks. CS_n is considered part of
command code.

DM_n, Input Input datamask  Input data maskDM_n is an input mask signal for write dat
UDM _n, Input data is maskedhen DM_n is sampled LOW coincider
LDM n with that input data during a write acces®M_n is sampled
B on both edges of DQS. The UDM_n and LDM_n pins are L
in the

x16 configuration: UDM_n isaociated with DQ [15:8];
LDM_n is associated witbQ[7:0]. The DM_n, DBI, and TDC
functions are enabled by mode register settin@ee the
Data Mask section
OoDT Input Ondie On-die termination: ODT (registered HIGH) enables

termination termination resistance interndab the STDDR4device When
enabled, ODT (RTT) is applied only to eachigh t, DQS ¢
DM_n/TDQS _t, and TDQS_c (When TDQS _t is enabled vi
Mode Register A11=1 in MR1) signals for the x8 gométion.
For the x16 configuratioRTT is applied to each DQ, DQSL
DQSU_c, DQSL_t, DQSL_c, UDM_n, and L&iyhat. The
ODT pin will be ignored if MR1 is programmed to disable F

PAR Input Parity for Parity for command anchddress: This signal is attached to
command an input buffer but controls no logic internally.
and address

RAS n Input Command Command inputsRAS_n/A16, CAS_n/Al5, and WE_n/A14

IA16, inputs (along with CS_n and ACT _n) define the command and/or

CAS_n address being entered. See the ACT_n description in this

IA15, table.

WE_n

IA14

RESET_I Input Active LOW Active LOW asynchronous reseReset is active when
asynchronous RESET_n is LOW, and inactive when RESET_n is HIGH.
reset RESET_n must be HIGH during normal operation. RESET

CMOS raito-rail signal with DC HIGH and LOW at 80% anc
20% of ¥p (960 mV for DC HIG&hd 240 mV for DC LOW).
TEN Input Ground Connectivity test mode:TEN is active when HIGH and
inactive when LOW. TEN must be LOW during normal
operation. HIGH in this pin will enable Connectivity Test
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Symbol Type Name Description
Mode operation along with other pins. TEN is a CMOSail
rail signal with DC HKsand LOW at 80% and 20% ebV
(960mV for DC HIGH and 240mV for DC LOW).
DQ 110 Data input/ Data input/output: Bidirectional data bus. DQ represents
output DQ[7:0] and DQ [15:0] for the x8 and x16 configurations,
respectively. DQO may be used to monitor the internalrV
level during test via mode register setting MR4 A [4] = HIG
training times change when enabled. g this mode, the
Rrrvalue should be set to High. This measurement is for
verification purposes and is NOT an external voltage suppl
pin.
DQS t, I/0 Data strobs Data strobe:Output with READ data, inputith WRITE data.
DQS ¢ Edgealigned withREAD data, centerealigned with WRITE
DOSU t, data. For the x16, DQSL corresponds todata on DQ[7:0];
DQSUj,c DQSU corresponds to the data on DQ[15:8]. For the x8
DOSL t, configuration,
DQSL_c DQS corresponds to the data on DQ[7:0]. Si®DR4device

supports adifferential data strobe only and does not suppor
a singleended data strobe.

ALERT r Output  Alert output Alert output: During normal operation this signal is an
output and is driven HIGH. During Connectivity Test mode
this pin works asin input.

TDQS t, Output Termination data Termination data strobe:TDQS t and TDQS_c are used by

TDQS ¢ strobe devicesonly. When enabled via the mode register, thevice
will enable the sameRtermination resistance on TDQS _t
and TDQS_c that is applied to DQS and DQS. When the -
function is disabled via the mode register, the DM/TDQS p
will provide the DATA MASK (DM) function, and the TDQS
is not used. The TDQS function must be dezloh the mode
register for the x16 configuration. The DM function is
supported in both x8 and x16 configurations.

NC - NC No connect:These balls should be left unconnected (the be
has no connection tthe MRAM or to other balls).
VDD Supply  Power supply Power supply: 1.2V +0.06V.
VDDQ Supply DQ Powesupply DQ Power supply: 1.2V +0.06V.
VPP Supply MRAMactivating MRAM activating power supply: 2.80.125V/+0.250V.
power supply
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Symbol Type Name Description

VREFCA Supply Reference Reference voltage for control, command, and address pins
Voltage

VSS Supply  Ground Ground

VSSQ Supply | DQ Ground DQ Ground

ZQ Reference Reference for ZQ Reference for ZQ calibration: This ball is tied to an externa
Calibration Hnnm NBaAwhicRiNkdtowssQ® =

Tablell- Package Thermal Characteristics

Maximum Operating Caseemperature

¢JA Thermal Resistance Junction to Ambient, 0 mps airflow 38 °Clwatt
Thermal Resistance Junction to Ambient, 3 mps airflow 23 °Clwatt
dac Thermal Resistance Junction to Case 4 °Clwatt

79[ 9/ ¢wL/ ' [ {t9/LCL/!'¢Lhb{
7.1  AbsoluteMaximum Ratings

Stresses greater than those listed may cause permanent damage to the device. This is
a stress rating only, and functional operation of the device at these or any other
conditions outside those indicated in the operational sections ofgpecification is

not implied. Exposure to absolute maximum rating conditions for extended periods
may adversely affect reliability.

Tablel2 - Absolute Maximum Ratings

e T L N

vDD Voltage on VDD pirelative to VSS -04

vDDQJ Voltage on VDDQ pin relative to VSS -04 1.5 V
VPP?23 Voltage on VPP pin relative to VSS -0.4 3.0 \Y
VIN, VOUT Voltage on any pin relative to VSS -04 15 V
Tsté Storage temperature ¢55 150 °C

1 VDD and VDDQ must be within 300mV of each other at all times, and VREF must not be gre@ér xhaDDQ.
Whent55 | yR +*55v NBE fpnnanY+> +w9C OFy 6S XonnY+x®d HO
2 Storage temperature is the case surface temperature on the center/top side of DR 4 device-or

measurement conditions, please refer to the JESPSfandard.

3VPP must bequal to or greater than VDD/VDDQ at all times when powered.

4 Device functionality is not guaranteed if ambient temperature exceeds the maximum TA during operation.
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Hmax Maximum magnetic field during read, - 2,000 A/m
write, standby ompower off.

7.2 Operating Temperature Range
Operating temperature, deer is the case surface temperature on the center/top side of the ST
DDR4 device. For measurement conditions, refeheoJEDEC document JESR51

Tablel3- Operating Temperature Range

I L L

Toperk Normal operating temperature range

7.3 AC/DC OPERATING CONDITIONS

DC Characteristics are defined undtandard measurement conditions specified in JEDEC
Standard JESDZRA.

Tablel4 ¢ Recommended Supply Operating Conditions

All voltages referenced to VSS

e e e e

VD345 Supply Voltage 1.14 1.26
DDQ@*® I/O supply voltage 1.14 1.2 1.26 V
VPP Wordline Supply Voltage 2.375 2.5 2750 V

Table1l5c¢ Slew Rate

T

\VVDD_ St/ Slew Rate 0.004 V/ms

1 The normal temperature range specifies the temperatures at witielS TDDR4 specificains will be supported
During operation, the device case temperature must be maintained between 0°C to 85°C under all operating
conditions

2Under all conditions VDDQ must be less than or equal to VDD.

3VvDDQ tracks with VDD. AC parameters are measutecdMBiD and VDDQ tied together.

4VDD slew rate between 300mV and 80% of \iD,shall be between 0.004 V/ms and 600V/ms, 20 MHz band
limited measurement.

5 VDD ramp time from 300mV to VDRin shall be no longer than 200ms.

6 Measurement made between 300vmand 80% VDD (minimum level).

"The DC bandwidth is limited to 20 MHz.

____________________________________________________________________________________________________________________________________________|
©2022 Everspin Technologies 28 EMD4EO01GAS2 RevisioB 10/2022

All Rights Reserved



LOGIES EMD4EOO01GAS

VDD_ON Ramp - - 200 ms

Tablel6 ¢ Leakage

N e N KA

Input leakage (excluding ZQ and TE IIN -2 2

ZQ leakage 1ZQ -3 3 uA
TEN leakadé ITEN -6 6 HA
VREFCA leakdge IVREFCA -2 2 MA
Output leakage: Y= o 10Zpd - 5 HA
Output leakage: ¥t= \bsd® 10Zpu -50 - HA

7.4 VREFCASupply

VRrerchS to be supplied to theleviceand equal to ¥p2. The ¥ercis a reference supply input
and therefore does not draw biasing current.

The D@olerance limits and AGoiselimits for the reference voltagesr¥rcare illustrated in
the figure below. The figure shows a valid reference voltageaés a function of time Q&F
stands for ¥erch \kerds the linear average ofR¥rrover a very long period of time (1
second). This average has to meet the MIN/MAX requirements. Furthermesgyivay
temporarily deviate from ¥er@odpy no more than % ‘opfor the AGnoise limit.

VRep AC-noise VREF(t)

—_—— e — — — m e — e — e — o — — — — ’/_ ______

o

VRer(D) MAX

Vpp /2

MIN

VREF(DC)

Vss

Py

Figure4 - VREFCA Voltage Range

I Maximum time to ramp VDD from 300 mV to VDD minimum.
2 Input under test OV < VIN < 1.1V.

3 Additional leakage due to weak palbwn

4VREFCA = VDD/2, VDD at valid level

5DQs are dabled

6 ODT is disabled with the ODT input HIGH
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The voltage levels foetup and hold time measurements are dependent gse¥. VRERS
understood as REF(DCps defined in the above figure. This clarifies thatvBx@ations of \REF
affect the absolute voltage a signal has to reach to achieve a valid HIGH or LOW level, and
therefore, the time to which setup and hold is measured. System timing and voltage budgets

need to account for KEF(D@)eviations from the optimum position withithe dataeye of the
input signals. This also clarifies that thevicesetup/hold specification and derating values
need to include time and voltage associated withe¢ACGnoise. Timing and voltage effects due

to ACGnoise on YRerup to the specified mit (£1% of Yp) are included inthe devicetimings
and their associated deratings.

7.5 VREFD®@Upply and Calibration Ranges

The device internally generates its owppfDQ SFDDR4nternal \ReFD@pecification
parameters: voltage range, step siz&BFstep time, \RERull step time, and RERvalid level

are used to help provide estimated values for the interr@EMp@nd are not pass/fail limits.
The voltage operating range specifies the minimum required rang8 FBDR4 devices. The

minimum range is défied by \REFDQ,miand VREFDQ,maxA calibration sequence must be

performed by theSTDDR4ontroller to adjust WEFp@nd optimize the timing and voltage
margin of theR S @ Adéx&idp receivers.

7.6 VREFD@®anges
MRG6[6] selects range 1 (60% to 92.5PM0DQ or range 2 (45% to 77.5%\ddDQ, and
MR6[5:0] sets the REFD(evel, as listed iTablel7 - VrReroSupply and Calibration Rangd@$e
values in MR6[6:Q)ill update the WDQrange and level independent of MR6[7] setting.
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Tablel7 - VrerpdSupply and Calibration Ranges

e T 2 N

Range 1 Merpg  VREFDQ R1 60% 92% VDDQ
operating

pointst?

Range 2 Merpo VREFDQ R2 45% G 7% VDDQ
operating

pointst?

Vrerstep sizé VREF, step 0.5% 0.65% 0.8% VDDQ
Vrerset VREF, set_tol ¢1.625% 0% | 1.625% VDD@®@>6
tolerance ¢0.15% 0% 0.15% VvDD8
VRerStep VREF, time C C 150 ns
time:%10

Vrervalid VREF_val_tol ¢0.15% 0%  0.15% VDDQ
tolerancé?!

1VREF(DC) voltage is referenced to VDDQ(DC). VDDQ(DC) is 1.2V

2STDDR4ange 1 or range 2 is set by the MRS6[AG].

3 VREF step size increment/decrement range. VREF at DC level

4For n > 4, theninimum value of VREF setting tolerance = VREFR,4&625% x VDDQ. The maximum value of

VREF setting tolerance = VREF,new + 1.625% x VDDQ

> Measured by recording the MIN and MAX values of the VREF output over the range, drawing a straight line

between those points, and comparing all other VREF output settings to that line.

SC2NJ Yy X nX GKS YAYAYdzyY @I f dzS-0.25% x¥VROQCThénSakinuinyaue of ¥REE NI y O S
setting tolerance = VREF,new + 0.15% x VDDQ

"Measured byrecording the MIN and MAX values of the VREF output across four consecutive steps (n = 4),

drawing a straight line between those points, and comparing all VREF output settings to that line

8 VREF,new = VREF,old +n x VREF,step; n = number of step§ Yi$hef (1 = dza S abX&e¢d&AF RSONBYSyYy
® Time from MRS command to increment or decrement more than one step size up to the full range of VREF

101f the VREF monitor is enabled, VREF,time must be derated by +10ns if DQ bus load is OpF and an additional +15
ns/pF of DQ bus loading

11 Only applicable foBFDDR4omponentlevel test/characterization purposes. Not applicable for normal mode

of operation. VREF valid qualifies the step times, which will be characterized at the component level
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7.7 SPEED BINPERATING CONDITEON

Table1l8¢ SFDDR41333 Speed Bin Operating Conditions
STDDRA41333 Speed Bin [

Internal REABommand to first data x8/x16 ns
ACT to internal read or write delay time tRCD x8/x16 135 - ns
PRE command period tRP x8/x16 75 - ns
Sore Operationperiod tST x8/x16 380t - ns
ACT to PRE command period tRAS x8/x16 143 - ns
ACT to ACT ®®EF command period tRC x8/x16 190 - ns
Four activate window tFAW x8/x16 240 -

CL=10 CWL=9 tCK(AVG) x8/x16

Supported CL settings 10 CK
Supported CWL settings 9 CK

1 Se= £Table65 ¢ BankSaggeringTimeé
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8.l Lb5sft 9/ LCL/ ! ¢LhbD

t! w! a9¢ 9 w{

IDD and IPP values are for full operating range of voltage and temperature unless otherwise

noted.

Tablel9- Ipp, lppand bpgCurrent Limits(mA)

Symbol

Ioos One bank ACTIVAT&PRECHARGE current
lpré One bank ACTIVAT&EPRECHARGEdurrentt
lopz One bank ACTIVAT&REAEI0-PRECHARGE curren. 299

loo2n Precharge standbgurrent>3

Iopont Precharge standby ODT current
Ioogent: Precharge Standby ODT IDDQ Current
Iop2r Precharge powedown current

Iop2g Precharge quiet standby current

Ippan Active standby current
Iopss Active powerdown current
Iopsar Burst read current

Iopoar Burst readdpgcurrent
lopaw:Burst write current

Iopsn SelfRefresh CurrenfNormal Temperature Range

STDDR41333(x8) | SFTDDR41333(x16)
AR RN
282 345 437 500

25

90
95
20
15
90
95
15
170
10
220
15

Ippen SelfRefresh IPP Current: Normal Temperature Rar 10

Iop7z Bank interleave read current

Ipp7 Bank interleave read IPP current

8.1 Current Specificationg Patterns and Test Conditions

518
35

35
370
120
120

35

30
120
120

30
240

30
290

30

15
610

50

25
460
90
95
50
15
90
95
15
180
20
230
15
10
863
35

35
525
120
120

60

30
120
120

30
240

30
290

30

15

1,030

50

Before writing software to make IDDx current measuremeunitslerstanding how persistent
memory operates will be vital to insure the most accurate results. Refeigtarel - Simplified

State Diagram for SDDR4 The state diagram introduces a store function that occurs
'/ ¢ O2YYlI YR A&

automatically in S5 5 wn

GKSY

GdKS

LIPPO test and limit is applicable for IDDO and IDD1 conditions.
2When DLL is disabled for IDD2N, current changes by approximat@io.

3When CAL is enabled for IDD2N, current changes by approximaiey%.
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Ol t AcEvAte \@ith a store opettioné 2 NJ | /Table4¢ St Sigram Command

Definitiong. When an ACT command is issued from the Pending IDLE state and if a Bank was
previously opened, the conkés of the page buffer from the previous cycle will automatically

be moved into the persistent memory array (store operati@NLY if the pending access is to a

different rowwithin the same bank This action will guarantee data persistence before

overwriting the page buffer during the current cycle. If the current page accéssidifferent

bank, no automatic store will occur and the Activate will proceed as normva§ F SNJ (02 G CA I c
- Simplified State DiagramforST5 wné¢ F2NJ | RRAGA2Yy I £ O2yGSEG®

In order toensure the most accurate results, IDDO/IPPO, IDD1/IPP1, & IDD7 current
measurement tables that follow need @ld a two write setup t@ach of the abovéest
proceduresto guaranteethat every ACT command wihusean automatic storeperationto
occur. This means the test musiternate between twdifferent addresseswithin the same
bank to guarantee the contents of the page buffealwaysvicted and stored into the
persistent memory arrawith each subsequent ACT command

If an ACT command is issued to another bank, the contents of the current backmiliue to
NBE & A RS A yoldlilggage buifé ayid n@ store operation wibccur. Looping over the
same address or alternating to an address in another bankatiitause an automatic store

operation to occur andesult in a flawed power measurement.

The contents of a page buffer will remain intact ustther power is remogd from the device
and data in thevolatile page buffer will be lost or an ACTthe currentbank will automatically
force a store operation and move the page buffer contante the persistent memory array.

Once the twerow write procedureis setupbefore each of théDDO/IPPO, IDD1/IPPI & IDD7
tests, each test can be run continuously, alternating between each addrese same banko
measure an accurate time averaged curremhe twerow write procedure is embedded into
each of the IDDO, IDD1ne IDD7 test measurement tables below.

1 The two addresses within the same bank used to alternate to guarantee an automatic store with each ACT
command areA[15:00]=0x0000 and [A5:00]=0x03F8
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Table20- IDDOand IPPO Measuremertoop Patterrt

I3) © | —
!l o 2 2 E C| ‘::. o
Q 8 c| S| €| = T2 <] | | —
= A SlE o g Selald§ TR TR
N S no|lgs| <Y ool ald Do e
O %) Ol 2|02 0 @ad </ < < < < <
1 0 ACT O 0 0 0 0 0 0 0 0O O O O o0 O
A 1,2 bpbbb1 o 0O O O O O O O O O O o0 O
D_#,
3.4 b#1 1 1 1 1 O 3 3 O O O 7 F O
repeat pattern 1...4 until NnRCLL, truncate ifnecessary
X
nRCOD WR 0 1 1 0 O 1 0 O O 0O O O 0 o
X

nRAS PRE O 1 0 1 0 O O O O O O O 0 O
repeat pattern 1...4 untihRC1, truncate if necessary

2 nRC ACT O O O O O O O O O O 7 F O O

A nRC+1,2 D,D O o 0 0 0 0O 0 0O 0O O O O O
D_#,
nRt+3,4 D# 1 1 1 1 1 0 3 0O O O 7 F O O
o _'5; X repeat patternnRG-1...4 untinRC+ nRCDB 1, truncate if necessary
= nRG+
S & nRCOD WR 0 1 1 0 O 1 0 O O 0O O O 0 o
F & X repeat pattern 1...4 untihRG-nRCD +nRAS, truncate if necessary
NRGNRRAS PRE O 1 0 1 0 O O O O O O O 0 O
X repeat pattern 1...4 until 2fRC- 1, truncate if necessary

3 2*nRC  Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=1 instead (bank 5)

A 3*nRC  Repeat subloop 2A, ugG[1:0]=1, use BA[1:0]=1 instead (bank 5)
4*nRC  Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=2 instead (bank 2)
5*nRC | Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=2 instead (bank 2)
6*nRC  Repeat subloop 1A, use BG[1:0]=1, B#¢1:0]=3 instead (bank 7)
7*nRC | Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=3 instead (bank 7)
8*NRC  Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1)
9*nRC  Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1)
10*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6)
11*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6)
12*nRC Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=3 instead (bank 3)
13*nRC Repeatsubloop 2A, use BG[1:0]=0, use BA[1:0]=3 instead (bank 3)
14*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=0 instead (bank 4)

1DQS_t, DQS_c are VDDQ R
2. DM A& R2y Qi OIFINB F2N) Emc RS@AOS
3DQ signals are VDDQ.
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CAS_n/ A15

CKE

c
0
O <

15*nRC | Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=0 instead (bank 4)
16*nRC Repeat subloop 1A, ugG[1:0]=2, use BA[1:0]=0 instead (bank 8)
17*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=0 instead (bank 8)
18*nRC Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=1 instead (bank 13)
19*nRC | Repeat subloop 2A, use BG[1:0]=3, B#¢1:0]=1 instead (bank 13)
20*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=2 instead (bank 10)
21*nRC  Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=2 instead (bank 10)
22*nRC  Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=3 ingbeatk 15)
23*nRC ' Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=3 instead (bank 15)
24*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=1 instead (bank 9)
25*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=1 instead (bank 9)
26*nRC  Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14)
27*nRC | Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14)
28*nRC  Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=3 instead (bank 11)
29*nRC  Repeat subloop 2A, u®G[1:0]=2, use BA[1:0]=3 instead (bank 11)
30*nRC  Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=0 instead (bank 12)
31*nRC ' Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=0 instead (bank 12)

0O 32nRC ACT O 0O 0 O O O O O o O o o o o -
32*nRG+ bbb 1 0 O O O O O O O O o o o o -

o
4
E
X
)

A12/BC_n
A[17,13,11]

1,2
32nRG+ bD#, 1 1 1 1 1 O ¥ 3 O O O 7 F O -
3,4 D #
X repeat pattern 1...4 until 3¥RC+ nRAS 1, truncate if necessary
32*nRG+ PRE O 1 0 1 O O O O O O o o o o -
NRAS
X repeat pattern 1...4intil NRAS 1, truncate if necessary
1 32*nRC+ repeat SubLoop 0, use BG[10% 1, BA[1:0] = 1 instead
1*nRC
2 32*nRC+ repeat SubLoop 0, use BG[13%} 0, BA[1:0] = 2 instead
2*nRC
3 32*nRC+ repeat SubLoop 0, use BG[13§ 1, BA[1:0] = 3 instead
3*nRC
4 32*nRC+  repeat SubLoop 0, use BG[10f 0, BA[1:0] = 1 instead
4*nRC
5 32*nRC+ repeat SubLoop 0, use BG[13§ 1, BA[1:0] = 2 instead
5*nRC
6 32*nRC+ repeat Sub_oop 0, use BG[10% 0, BA[1:0] = 3 instead
6*nRC
7 32*nRC+ repeat Sub_oop 0, use BG[10% 1, BA[1:0] = 0 instead
7*nRC
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o 9
5 |8 =
=) 2 o' &
w
S 5|3 S/ 206
8 32*nRC+  repeat SubLoop 0, use BG[10%F 2, BA[1:0] = 0 instead
8*nRC
9 32*nRC+ repeat Sub_oop 0, use BG[10% 3, BA[1:0] = 1 inste&d
9*nRC
10 32*nRC+  repeat SubLoop 0, use BG[13F 2, BA[1:0] = 2 instead
10*nRC
11 32*nRC+ repeat SubLoop 0, use BG[13} 3, BA[1:0] = 3 inste&d
11*nRC
12 32*nRC+  repeat SubLoop 0, use BG[13F 2, BA[1:0] = 1 instead
12*nRC
13 32*nRC+ repeat SubLoop 0, use BG[13} 3, BA[1:0] = 2 inste&d
13*nRC
14 32*nRC+  repeat SubLoop 0, use BG[13F 2, BA[1:0] = 3 instead
14*nRC
15 32*nRC+ repeat SubLoop 0, use BG[13} 3, BA[1:0] = 0 inste&d
15*nRC

1 For x8 devices only
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Table21 ¢ IDD1 and IPA MeasurementLoop Patterri?

o © Lo —
Ml -8 2 2 E = ::. o
= £ 5 5 5z S 28 3%cgz
- 5 c € 2 wvibog Yo e o d
O O O < 2 O 2 0@ d<< << < << I <
1A 0 ACT - 0 0O 0O O O O O O O O o o0 O
1,2 bbb - o0 0 0O O O O O o O o o o0 o
3,4 b# - 1 1 1 1 O 3 3 O O O 7 F O
D_#
X repeat pattern 1...4 until nRCLL, truncate if necessary -
nRRCD WR - 1 1 0 0 1 O O O O O o o0 o
X -
nRAS PRE - 1 0 12 0 O O O O O O O o0 o
X repeat pattern 1...4 untihRC1, truncate if necessary -
2A nRC ACT - 0 0O 0O O O O O O o 7 F 0 O
nRG+1,2 bbb - 0 0 0 O O O O O O O O O O
nRG+3,4 D# - 1 1 1 1 0 3 O O O 7 F O O
- 5 D_#
% % X repeat patternnRG-1...4 untinRC+ nRCD 1, truncate if necessary -
S = nRC+ WR - 1 1 0 0 1 0 O 0O O O o o0 O
0 NRCD
X repeat pattern 1...4 unthRG-nRCD +nRAS, truncate if necessary -
NRGNRAS PRE - 1 0 1 0 O O O O O O O o0 o
X repeat pattern 1...4 until 28RC- 1, truncate if necessary -

2*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[lidstdad (bank 5) -
3*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=1 instead (bank 5) -

4*nRC Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=2 instead (bank 2) -
5*nRC Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=2 instead (bank 2) -
6*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=3 instead (bank 7) -
7*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=3 instead (bank 7) -
8*nRC Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1) -
9*nRC Repeatsubloop 2A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1) -
10*nRC  Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6) -
11*nRC | Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6) -
12*nRC  Repeat subloop 1A, usG[1:0]=0, use BA[1:0]=3 instead (bank 3) -
13*nRC | Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=3 instead (bank 3) -

1DQS_t, DQS _c are VDDQ

2 Before running this test make sure the two write procedure has been correctigimM@ y i S Resror! { SS  a
Reference source not found. Each test loop is required to alternate between two addresses, A[15:00]=0x0000
and A[15:00]=0x03F8 during ACT to enfageurate current measurements.

3. DM A& R2y Qi OFINB F¥2N Emc RS@AOS

4Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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14*nRC  Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=0 instead (bank 4) -
15*nRC | Repeat subloop 2A, use BG[1:0]=1, B#¢1:0]=0 instead (bank 4) -
16*nRC  Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=0 instead (bank 8) -
17*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=0 instead (bank 8) -
18*nRC  Repeat subloop 1A, use BG[1:0]=3, use BA[libkt&ad (bank 13) -
19*nRC | Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=1 instead (bank 13) -
20*nRC | Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=2 instead (bank 10) -
21*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=2 instead {Bank -
22*nRC | Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=3 instead (bank 15) -
23*nRC | Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=3 instead (bank 15) -
24*nRC | Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=1 instead (bank 9) -
25*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=1 instead (bank 9) -
26*nRC | Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14) -
27*nRC | Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14) -
28*nRC | Repeatsubloop 1A, use BG[1:0]=2, use BA[1:0]=3 instead (bank 11) -
29*nRC | Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=3 instead (bank 11) -
30*nRC  Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=0 instead (bank 12) -
31*nRC | Repeat subloop 2A, uskG[1:0]=3, use BA[1:0]=0 instead (bank 12) -
0O 3¥RC ACT O O O O O O o O o O o o o o0 -
32nRC+ D,D/12 /0 O O O O O O O O O 0 0 O -

1,2
32nRCG+ Dn, 2 2 12 1 1 o0 3 3 O O O 7 F O -
3,4 D n
X Repeat pattern 1...4 unt82*nRC+nRCD AL- 1; truncate if necessary
32*nRC+ RD 0O 1 1 0 1 0 O 0O 0 O O O O 0 DO0=69D1=69
nRCD AL D2=69D3=69
D4=69D5=69
D6=69, D7=69
X Repeat pattern 1...4 untB2*nRC+ nRAS 1; truncate ifnecessary
32nRCG+ PRE O 1 O 1 O O O O O O O o0 o0 o0 -
nRAS
X Repeat pattern 1...4 untB2*nRC+ nRGC 1; truncate if necessary
1 32nRCG+ ACT O O O 212 12 o0 1 1 o0 O 0 0o o0 o -
nRC + 0
32nRC+ D,D/1 'O O O O O o o0 o o0 o o |0 o -
nRC+1,2
32rRC+  Dnp, 1 2 1 1 1 o0 3 3 O O O 7 F O -
NRC+3,4 D n
X Repeat pattern nRC + 1...4 ur@#*nRC+ 1 x nRC + nRAS; truncate if necessary
32nRC+1 RD O 1 1 0 1 o0 1 1 0 O O O 0 O D096 D1=%
x nRC D2-96, D3-96
+nRCD AL D4=%, D5=%
D6=%, D7=%
X Repeat pattern 1...4 unt82*nRC+ nRAS 1; truncate if necessary
32*nRC+1 PRE O 1 O 1 O O O O O 0o O o o0 o =
x nRC +
nRAS
X Repeat pattern nRC + 1...4 urtinRG 1; truncate if necessary
2 | 32*nRC+ repeatSubLoop 0, use BG[1:0] = 1, BA[1:0] = 2 instead
2*nRC
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3 | 32*nRC+ repeat SubLoopl, use BG[1:0] = 0, BA[1:0] = 3 instead
3*nRC

4 32*nRC+ repeat SukLoop 0, use BG[1:8]1, BA[1:0] = 1 instead
4*nRC

5 | 32*nRC+ repeat Sub_oopl, useBG[1:0] = 0, BA[1:0] = 2 instead
5*nRC

6 32*nRC+ repeat Sub_oop 0, use BG[1:0] = 1, BA[1:0] = 3 instead
6*nRC

7 | 32*nRC+ repeat SubLoopl, use BG[1:0] = 0, BA[1:0] = 0 instead
7*nRC

8 32*nRC+ repeat SubLoopl, use BG[1:0] = 2, BA[1:0] #n@tead
8*nRC

9 | 32*nRC+ repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 1 instead
9*nRC

10 32*nRC+ repeat SubLoop1l, use BG[1:0] = 2, BA[1:0] = 2 instkad
10*nRC

11 | 32*nRC+ repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 3 instead
11*nRC

12  32*nRC+ repeat SubLoopl, use BG[1:0] = 2, BA[1:0] = 1 instkad
12*nRC

13 | 32*nRC+ repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 2 instead
13*nRC

14 | 32*nRC+ repeat SubLoopl, use BG[1:0] = 2, BA[1:0] = 3 instead
14*nRC

15 | 32*nRC+ repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = O instead
15*nRC

1 For x8 devices only
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Table22 ¢ IDD2N, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2,IDD3N,
and IDD3MMeasurementLoop Patterr

o
!I o -8 E C| ::. o
Q |3 £ - 19538z [TT 83 <
<Y = t | 4 |g%¢2¢BpTIss
O 7 O O |9 0|2 0ad ad <| <<
0 0 D, D O OO0 O 00O O O O O O0OO0OTO 0
1 D,D 1 0 0 0 0 0O 0O 0O O O O 0O 0O 0
2 DnDn 1 1 1 1 1 0 3 3 0 0 0 7 FO 0
3 DnDn 1 1 1 1 1 1 3 3 0 0 0 7 F O 0
1 47 repeat SubLoop 0, use BG[1:0] = 1, BA[1:0] = 1 instead
2 811 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
3 1215 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] ms3ead
> S 4 1619 repeat SubLoop 0, use BG[1:6]0, BA[1:0] = 1 instead
£ T 5 2023 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
> L 6 2427 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
2 (‘,)45 7 2831 repeat SubLoop 1, us&G[1:0] = 1, BA[1:0] = O instead
8 | 32-35 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = O instead
9 3639 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 1 instead
10 4043 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 2 instead
11 4447 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 3 instead

12 4851 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead
13 5255 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 2 instead
14 56-59 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] ms3ead

15 6063 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = O instead

1DQS t, DQS_c are VDDQ.
2. DM A& R2Y @aviceOF NBE FT2NJ Emc
3DQ signals are VDDQ
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Table23¢ IDD2NT and IDDQ2NT Measuremeérmiop Patterr

OI < -
X o :(' C| — o
2.8 - |95 &=z 828/ 8%
28 o |02 2« BF TS5 2
O %) O | 0|2 0 ad <|<| <
0 0 D, D 1 0O 0O 0O OO0 OO 0 0 O0O0OTD O 0
1 D, D 1 0O 0 0O OO0 0O 0O O 0 O0O0OODO 0
2 D n,D_n 1 11 1 1 0 3 3 0 0O 0 7 FO 0
3 D n,D._n 1 11 1 1 03 3 0 0 0 7 FO 0
4-7 repeat SubLoop 0, use BG[1:0] = 1, BA[1:0] = 1 instead

8-11 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
12-15 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 3 instead
16-19 repeat SubLoop 0, us&8G[1:0F 0, BA[1:0] = 1 instead
20-23 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
24-27 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = O instead
32-35 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = O instead
36-39 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 1 instead
40-43 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 2 instead
44-47 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] mtead"

Toggling
Static High
P oo~oor»wN R
N
®
w
|_\

12 4851 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead
13 5255 repeat SublLoop 0, use BG[1:0] = 3, BA[1:0] = 2 instead
14 56-59 repeat SublLoop 1, use BG[1:0] = 2, BA[1:0] = 3 instead
15 6063 repeat SublLoop 0, usé8G[1:0] = 3, BA[1:0] = 0 inst¢fad

1DQS_t, DQS c are VDDQ.

2. DM A& R2y Qi OFINB ¥2NJ Emc RS@AOS
3DQ signals are VDDQ

4 For x8 devices only
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Table24 ¢ IDD4R, IDD4RB and IDDQ4R Measurerartp Patterrd

(8} © o —
¥ | s g SR I EEEE
L e £ c 15l 515 = S92 8 9% - 55 Daa
I Wi & IS [l IV B 7)) = =R ST A =3 B
¥ X| 35 S} ol | <Y ojlolcialddgy
O Ol ® O O |2 |0 |2 0|lada o < < << <
0 0 RD o 1 1 0 1 0 O O O O O 0O O 0 DO0=69DbD1=6¢
D2=69,D3=6¢
D4=69,D5=6¢
D6=69D7=69
1 D 1 0O O 0O 0 0 0 0 0O O O O O -
2,3 bnbDn 1 1 1 1 1 0 3 3 0 O O 7 F O -
1 4 RD 1 1 1 1 1 0 3 3 0O O O 7 F O D0=96,D1=9¢
D2=96,D3=9¢
D4=96,D5=9¢
D6=96,D7=9¢
5 b 1 o0 o0 o0 o0 o0 O O O o0O o o o0woO -
o 6,7 DnDn 1 1 1 1 1 0 3 3 0 0 0 7 F O -
% E 2 811 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
g =& 3 1215 repeat SubLoop 1use BG[1:0] = 1, BA[1:0] = 3 instead
F»h 4 1619 repeat SubLoop 0, use BG[1:6]0, BA[1:0] = 1 instead
5 | 2023 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
6 2427 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
7 2831 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = O instead
8 3235 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = O instead
9 3639 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 1 instead
10 4043 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] ins2ead
11 4447 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 3 instead
12 4851 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead
13 5255 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 2 instead
14 5659 repeat SubLoop 1, us@8G[1:0] = 2, BA[1:0] = 3 instéad
15 6063 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 0 instead

1DQS _t, DQS_c are used according to RD Commands, otherwise VDDQ.
2. DM A& R2y Qi OFINB ¥2NJ Emc RS@AOS
3 BurstSequence driven on each DQ signal by Read Command.

4 For x8 devices only
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Table25¢ IDD4W, IDD4WB and IDD4W _par Measurem&nbp
Pattern*
(8} © o < —
5 |8 5 21213 |l ool e
SINE. = sl ol a5 a2 e 25 s nyg P&
X ¥X| 5 S} ol | <Y ol 4229
O 0| & O O |2 |0 2/0|d a < </ I/I<
0 0 WR o 1 1 0 1 0 0O 0O O O O 0O 0 0 DO0=69,D1=6¢
D2=69,D3=6¢
D4=69,D5=6¢
D6=69,D7=6¢
1 b 1 o0 o0 o0 O O o o0O O o o o0 00O -
2,3 bnDn 1 1 1 1 1 0 3 3 0O O O 7 F O -
1 4 WR 0 1 1 0 1 0 1 1 0 0 0 7 F 0 DO0=9,D1=9¢
D2=96,D3=9¢
D4=96,D5=9¢
D6=96,D7=9¢
5 b 1 0 o0 o0 O O o o0 O o o o0 o0woO0 -
g,f_g, 6,7 DnDn 1 1 1 1 1 0 3 3 0 0 0 7 F O -
= 35) 2 811 repeat SubLoop 0, us@G[1:0] = 0, BA[1:0] = 2 instead
8 ® 3 1215 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 3 instead
F» 4 1619 repeat SubLoop 0, use BG[1:6]0, BA[1:0] = 1 instead
5 | 2023 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
6 2427 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
7 2831 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 0 instead
8 3235 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 0 instead
9 3639 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] instead
10 4043 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 2 instead
11 4447 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 3 instead
12 4851 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead
13 5255 repeat SubLoop 0, us&G[1:0] = 3, BA[1:0] = 2 instéad
14 5659 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 3 instead
15 6063 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 0 instead
1DQS _t, DQS_c are used according to WR Commands, otherwise. VDDQ.
2. DM A& R2y Qi OFINB ¥2NJ Emc RS@AOS
3 Burst Sequence driven on each DQ signaMoige Command.
4 For x8 devices only
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Table26 ¢ IDD5B Measurementoop Patterr

- 233 e g
2 S S1312] el alolale
S E | c |5 0] 07 2% a &=
2 Ele G292 vwilggdadse s
7 O | O || |0 |2 0|laad|lg || <|<
0 0 REF 0 1 1 0 1 0 O 0O O O 0o 0 0O -
1 1 b 1 o o0 o0 o0 O O o O o o o0 0o -
2 b 1 o 0O 0 o0 0O O o O O o o oo -
3 bn 0 1 1 0 1 0 1 1 0 O O 7 F O -
D n
4 bn 1 1 1 1 1 0 3 3 0O O O 7 F O -
D n
5-7 repeat pattern 1...4, use BG[1:0] = 1, BA[1:0] = 1 instead
8-11 repeat pattern 1...4, use BG[1:0Pp=BA[1:0] 2 instead
> S 12-15 repeat pattern 1...4, use BG[1:0] = 1, BA[1:3]instead
£ T 16-19 repeat pattern 1...4, use BG[1:0P=BA[1:0] = 1 instead
> L 20-23 repeat pattern 1...4, use BG[1:0] = 1, BA[1:Q]irstead
2 g 24-27 repeat pattern 1...4, use BG[1:0Pp=BA[1:0] B instead
28-31 repeat pattern 1...4, use BG[1:0] = 1, BA[1:0]irstead
32-35 repeat pattern 1...4, use BG[1:0R=BA[1:0] 0 instead*
36-39 repeat pattern 1...4, use BG[1:0B=BA[1:0] = Instead
4043 repeat pattern 1...4, use BG[1:0R=BA[1:0] 22 instead
44-47 repeat pattern 1...4, use BG[1:0B=BA[1:0] 3 instead
4851 repeat pattern 1...4, use BG[1:0P=BA[1:0] = Instead
52-55 repeat pattern 1...4, use BG[1:0B=BA[1:0] =2 instead
56-59 repeat pattern 1...4, use BG[1:0R=BA[1:0] =8 instead
60-63 repeat pattern 1...4, use BG[1:0B=BA[1:0] 0 instead

2 64 ..nRFEL repeat SuH oop 1, Truncate, if necessary

1DQS_t, DQS_c are VDDQ

2. DM A& R2y Qi OFINB ¥2NJ Emc RS@AOS
3DQ signals are VDDQ

4 For x8 devices only
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Table27 ¢ IDD7 Measurement_oop Patterr?

o © o —
x' o 2 2 <F(| E < :||_ o
) S E cl e | T S S| Q| 9| <
- | S c [ LS = 5| 2 :— =| | ™ 9
' Y| 8 5 05|22 walg Ty 528 sd
O %) O 0|l |0 |2 0ldld < | < <
1A 0 ACT O 0 0 O O O O O O O O o0 o0 o
1,2 bo,b1 0 O O O O O/ O O O O O 0O
D n,
3,4 bDn11 1 1 1 1 0 3 3 0 O 0 7 F O
repeat pattern 1...4 until nRCL1, truncate if necessary
X
D0=69,D1=69
D2=69,D3=69
nRCD WR 0 1 1 0O 0 1 O O O O o 0 O 0D4=69,D5=69
D6=69,D7=69
X repeat pattern 1...4 until NRWRP- 1, truncate if necessary
nRCNRP PRE O 1 0O 12 0 O O O O O O O o0 O
repeat pattern 1...4 until nRC, truncate if necessary
X
= 2A nRC ACT 0O 0O 0 O O O O O O o 7 F OO
cg»% nRC +1, 2 o,b1 o 0O O O O O O O O O o0 o0 O
[ o D n, 0
eS8 nRC + 3, 4 Dn 1 1 1 1 1 0 3 0 0O 0 7 F O
@ X repeat pattern nRC+1...4 until NnRC + nRCDruncate if necessary
O O O O O O O O Db0=96D1=96
D2=96,D3=96
D4=96,D5=96
nRC + nRCD WR 0 1 1 0O 0 1 D6=96,D7=96
X repeat cycles 1...4 until NnRC+(RRRP) 1, truncate if necessary
NRC+(NRGRP) PRE O 1 0 1 O O O O O O O O O O
X repeat pattern 1...4 until 2*"nRE1, truncate if necessary
3A 2*nRC Repeat subloop 1A, usG[1:0]=1, use BA[1:0]=1 instead (bank 5)
3*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=1 instead (bank 5)
4*nRC Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=2 instead (bank 2)
5*nRC Repeat subloop 2A, use BG[1:0]=0, B#¢1:0]=2 instead (bank 2)
6*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=3 instead (bank 7)
7*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=3 instead (bank 7)
8*nRC Repeat subloop 1A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1)
9*nRC Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=1 instead (bank 1)

1DQS_t, DQS _c are VDDQ

2. ST2NBE NdzyyAy3a GKAa GSad YIS &add2NBE GKS (o=rorlg NAGS LINB OS
Reference source notfound. @ 9 OK (S&ad f 2natdbetivéen tindaijicizssdds A15:00=0x0G00 S NJ
and A[15:00]=0x03F8 during ACT to ensure accurate current measurements.

3. DM A& R2y Qi OFINB F¥2NJ Emc RS@AOS

4Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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RAS _n/ A16

)
—
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<
(7))
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E_n/Al4

CK t/CK ¢
CKE
Command
CS n
A[17,13,11]

C
W
[

10*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6)
11*nRC Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=2 instead (bank 6)
12*nRC Repeat subloop 1Aise BG[1:0]=0, use BA[1:0]=3 instead (bank 3)
13*nRC Repeat subloop 2A, use BG[1:0]=0, use BA[1:0]=3 instead (bank 3)
14*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1:0]=0 instead (bank 4)
15*nRC Repeat subloop 2A, use BG[1:0]=1, B#¢1:0]=0 instead (bank 4)
16*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=0 instead (bank 8)
17*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=0 instead (bank 8)
18*nRC Repeat subloop 1A, use BG[1:0]=3, B#¢1:0]=1 instead (bank £3)
19*nRC Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=1 instead (bank 13)
20*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=2 instead (bank 10)
21*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[lidkt2ad (bank 10)
22*nRC Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=3 instead (bdnk 15)
23*nRC Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=3 instead (bdnk 15)
24*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=1 instead (Hank 9)
25*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=1 instead (Hank 9)
26*nRC Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14)
27*nRC Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=2 instead (bank 14)
28*nRC Repeatsubloop 1A, use BG[1:0]=2, use BA[1:0]=3 instead (barhk 11)
29*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=3 instead (bank 11)
30*nRC Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=0 instead (bank 12)
31*nRC Repeat subloop 2A, udkG[1:0]=3, use BA[1:0]=0 instead (bank 12)

1 32*nRC ACT O 0O 0 O O O O O O O O o0 o0 o =
32*nRC + 1 b 10 0 O O O O O O o O o0 0O -
32*nRC + 2 bn 1 1 1 1 1 0 3 3 0 O 0 7 F O -
32*nRC + 3 Repeatlast 2 cycles until (32*nRC) + nRRDtruncate if necessary

2 32*nRC + Repeatioop 1, use BG[1:0]=1,BA[1,0]=1 ( bank 5) instead
NRRD

32*nRC + Repeatioop 1, use BG[1:0]=0,BA[1,0]=2 (bank 2) instead
2*nRRD

32*nRC + Repeat loop 1, use BG[1:0]=1,BA[1,0]=3 ( bank 7) instead
3*nRRD

3 | 32*nRC + b 10 0 O O O O O O/ o O0O o o0oO0 -

4*nRRD

32*nRC + bn 1 1 1 1 1 0 3 3 0 O 0 7 F O =
4*nRRD+1

X Repeathe above 2 cycles until (32*nRC) + nRCD

4  32*nRC + RDA 0 1 1 0 1 0 0 0O O O 1 0 0 0 DO0=69,D1=6¢
nRCD D2=69,D3=6¢

D4=69,D5=6¢

1 For x8 devices only
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o © L0 —
< ?U g % E xB=1r
g S S S e 29| < Datg’
- 5 212 o SRR )
O © @) | O | = < <| <
D6=69,D7=6¢
32*nRC + b 10/ 0 0 O/ O O O O O O 0 0O -
nRCD+1
32*nRC + Dn 1 1 1 1 1 0 3 3 0 0 0 7 F O -
nRCD+2
X Repeat last two cycles until (32*nRC) + nRCD+ nRRD-1
5 32*nRC + Repeat loop 4, use BG[1:0]=1,BA[1,0]=1 ( bank 5) instead
nRCD + nRRD
32*nRC + Repeat loop 4, use BG[1:0]=0,BA[1,0]=2 (bank 2) instead
nRCD + 2*nRRD
32*nRC + Repeat loop 4, use BG[1:0]=1,BA[1,0]=3 ( bank 7) instead
nRCD 8*nRRD
6 32*nRC + b 10/, 0 0 O/ O O O O O O O OO0 -
nRCD + 4*nRRD
32*nRC + bn1 1 1 1 1 0 3 3 0O O O 7 F O -
NnRCD + 4*nRRD+1
X Repeat last two cycles until (32*nRC) + nFAW
7 32*nRC + RepeatSubLoop 1, use BG[1:0] = 0, BA[1:0] = 1 instead (Bank 1)
nFAW
32*nRC + RepeatSubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead (Bank 6)
nFAW + nRRD
32*nRC + RepeatSubLoop 1, use BG[1:0] = 0, BA[1:0] = 3 instead (Bank 3)
nFAW + 2*nRRD
32*nRC + RepeatSubLoop 1, use BG[1:0] = 1, BA[1:0] = 0 instead (Bank 4)
nFAW + 3*nRRD
32*nRC + Repeat Suthoop 3 until 32*nRC+nFAW+nRCD
nFAW + 4*nRRD
32*nRC +
nFAW+nRCD Repeatsubloop 4, use BG[1:0]=0, BA[1:0]=1 instéBank 1)
32*nRC +
nFAW+nRCD + nRR| Repeatsubloop 4, use BG[1:0]=1, BA[1:0]=2 instéank 6)
32*nRC +
NnFAW+nRCD +
2*nRRD Repeatsubloop 4, use BG[1:0]=0, BA[1:0]=3 insté3ank 3)
32*nRC + Repeat subloop 4, use BG[1:0]=1, BA[1:0]=0 instead (Bank 4)
nFAW+nRCD +
3*nRRD
32*nRC + Repeat Suihoop 3 until 32*NRC+2*nFALY
NFAW+nRCD +
4*nRRD
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CK_t/CK_c

©2022 Everspin Technologies

CKE

sl SublLoop

32*nRC +

2*nFAW

32*nRC +
2*nFAW+ nRRD
32*nRC +

2*nFAW + 2*nRRD
32*nRC +

2*nFAW + 3*nRRD
32*nRC +

2*nFAW + 4*nRRD
32*nRC +
2*nFAW+nRCD
32*nRC +
2*nFAW+nRCD +
nRRD

32*nRC +
2*nFAW+nRCD +
2*nRRD

32*nRC +
2*nFAW+nRCD +
3*nRRD

32*nRC +
2*nFAW+nRCD +
4*nRRD

32*nRC +

3*nFAW

32*nRC +
3*nFAW+ nRRD
32*nRC +

3*nFAW + 2*nRRD
32*nRC +

3*nFAW + 3*nRRD
32*nRC +

3*nFAW + 4*nRRD
32*nRC+
3*nFAW+nRCD
32*nRC+
3*nFAW+nRCD+
nRRD

32*nRC+
3*nFAW+nRCD+
2*nRRD

Command
RAS n/ A16
CAS _n/ Al15

<
—
<
(1]
=

A[17,13,11]

c
0
)

o9)

C|
O
i | 8
N
-
<
=0

c
RepeatSubLoop 1, use BG[1:0] = 2, BA[L:0]

instead (Bank 8)

RepeatSubLoop 1, use BG[1:0] = 3, BA[1:0] = 1 instead (Bank 13)
RepeatSubLoop 1, use BG[1:0] = 2, BA[1:0] = 2 instead (Bark 10)
RepeatSubLoop 1, use BG[1:0] = 3, BA[1:0] = 3 instead (Bark 15)

Repeat Suth.oop 3 until 32*nNRC+2*nFAW+nRECD

Repeatsubloop 4, use BG[1:0]=2, BA[1:0]=0 insté3aink 8)

Repeatsubloop 4, use BG[1:0]=3, BA[1:0]=1 instéBank 13)

Repeatsubloop 4, use BG[1:0]=2, BA[1:0]=2 instézaink 10)
Repeat subloop 4, use BG[1:0]=3, BA[1:0]=3 instead (Bahk 15)

Repeat Sulhoop 3 until 32* nRC+3*nFALY

RepeatSublLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead (Bank 9)

RepeatSubLoop 1, use BG[1:0] = 3, BA[1:0] = 2 instead (Bank 14)
RepeatSubLoop 1, use BG[1:0] = 2, BA[1:0] = 3 instead (Bark 11)
RepeatSubLoop 1, use BG[1:0] = 3, BA[1:0] = 0 instead (Bark 12)

Repeat Suthoop 3 until 32*nRC+3*nFAW+nRCD

Repeatsubloop 4, use BG[1:0]=2, BA[1:0]=1 instéBaink 9)

Repeatsubloop 4, use BG[1:0]=3, BA[1:0]=2 instéBank 14)

Repeatsubloop 4, use BG[1:0]=2, BA[1:0]=3 instéBaink 11)

1 For x8 devices only
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CKE

CK t/CK ¢
Command
CAS n/ Al15
WE n/ Al4
A12/BC n
A[17,13,11]

< | X

32*nRC+ Repeat subloop 4, use BG[1:0]=3, BA[1:0]=0 instead (Bahk 12)
3*nFAW+nRCD+
3*nRRD
32*nRC+ Repeat Sulboopl until 32*nRC+4*nFAW
3*nFAW+nRCD+
4*nRRD
10 32*nRC + RepeatSubloop 3 until NRC 1, if NRC > 4*nFAW. Truncate if necessary
4*nFAW

9.9[ 9/ ¢wL/ ' [ /1! w! /¢¢LOanLb{Dt Lt/!{w!!ab95¢ ¢

Electrical Characteristics and AC Timing parameters are as follows.

Table28 ¢ Clock Timing
[ Max
Clock Period Average (DLL off mot tCK (DLL_OFF) 8 - ns
Clock Period Average tCK (DLL_OFF) 8 - ns
High pulse width average tCH (AVG) 0.48 0.52 CK
Low pulse width average tCL (AVG) 0.48 0.52 CK
Clock period jitter ~ Total tJITper_tot -63 63 ps
Deterministic = tJITper_d] -31 31 ps
DLL Locking tJITper,lck -50 50 ps
Clock absolute period tCK (ABS MIN = tCK (AVG) MIN + ps

tJITper_tot MIN;
MAX = tCK(AVG) MAX +
tJITper_totMAX
Clock absolutdéigh pulse width tCH (ABS) 0.45 - tCK (AVG)
(includes duty cycle jitter) (includes
duty cycle jitter)
Clock absolute low pulse width tCL (ABS) 0.45 - tCK (AVG)
(includes duty cycle jitter)

1 Applicable from tCK (AVG) MIN to tCK (AVG) MAX as stated in the Speed Bin tables.

____________________________________________________________________________________________________________________________________________|
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Parameter Symbol STDDR41333

Cycleto-cycle jitter Total tJITper_tot ps
Deterministic = tJITper_d] 3
DLL Locking tJITper,lck 100

Cumulative Error | 2 cycles tERR2per -92 92 ps

across 3 cycles tERR3per -109 109 ps
4 cycles tERR4per -121 121 ps
5 cycles tERR5per -131 131 ps
6 cycles tERR6per -139 139 ps
7 cycles tERR7per -145 145 ps
8 cycles tERR8per -151 151 ps
9 cycles tERR9per -156 156 ps
10 cycles tERR10per -160 160 ps
11 cycles tERR11per -164 164 ps
12 cycles tERR12per -168 168 ps
y T wmo :tERRnper tERRnper MIN = ps
49, 50 cycles (1 + 0.68In[n]) x tJITper MIN

tERRnper MAX =
(1 + 0.68In[n]) x tJITper MA
145124124109109

Table29¢ DQ Input Timing

Parameter Symbol DDR4133 Units

Data setup Base(calibrated Vref) Refer to DQ Input Receiver
time to DQS _t, Specification section
DQS c (approximately 0.15tCK to
0.35tCK
Non-calibrated Vref tPDA_S  minimum of 0.5ui ui
Data hold time Base (calibrated Vref) tDH Refer to DQ Input Receiver
from DQS _t, Specification section
DQS c (approximately 0.15tCK to
0.35tCK
Non-calibrated Vref tPDA_H  minimum of 0.5ui ui
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DQ and DM minimum data pulse width for tDIPW 0.58 - uld
each input

Table30¢ DQ Output Timing
Parameter DDR4133

Max

DQS t, DQS cto DQ skew, per group, per tDQSQ - 0 16 uld
access

DQ output hold time from DQS_t, DQS ¢  tQH 0.76 - Uld
Data valid window per device: tQHDQSQ for tDVWd 0.63 - Uld
a device

Data valid window per device per pin: tQH tDVWp 0.66 - Uld
tDQSQ per pin for a device

DQ LowZ time from CK_t, CK_c¢ tLZDQ -450 225 ps
DQ HighkZz time from CK_t, CK_c tHZDQ - 225 ps

Table31¢ DQ Strobe Input Timing

Parameter Symbol S‘FDDR41333 Units
ax

DQS_t, DQS_c rising edge to CK_t, CK_c rising « tDQSS -0 27 0 27 CK
DQS_t, DQS_c differential input low pulse width tDQSL 0.46 0.54 CK
DQS_t, DQS_c differential input highlse width tDQSH 0.46 0.54 CK
DQS _t, DQS_c falling edge setup to CK_t, CK_c tDSS 0.18 - CK
rising edge

DQS _t, DQS_c falling edge hold from CK_t, CK_ tDSH 0.18 - CK
rising edge

DQS _t, DQS_c differential WRITE preamble tWPRE 0.9 - CK
DQS _t, DQS differential WRITE postamble tWPST 0.33 - CK
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Table32¢ DQ Strobe Output Timing

Parameter Symbol STDDR41333 Units

DQS _t, DQS_c rising edge output access time fron tDQSCK 225 25

rising CK_t, CK_c

DQS t, DQS_crising edge output variance window tDQSCKi - 370 ps
per MRAMV

DQS _t, DQS_c differential output high time tQSH 0.38 - CK
DQS t, DQS_c differential output low time tQSL 0.38 - CK
DQS_t, DQS_c Leimime (R 1) tLZDQS -450 225 ps
DQS_t, DQS_c Hightime (RL + BL/2) tHZDQS - 225 ps
DQS _t, DQS_c differential READ preamble tRPRE 0.9 - CK
DQS _t, DQS_c differential READ postamble tRPST  0.33 - CK
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Table33¢ Command and Address Timing

Parameter Symbol STDDR41333 Units

597 - CK

DLL Locking Time tDLLK

CMD, ADDR setup time to CK_t, CK_c Base tIS 115 - ps
referenced to VIH(AC) and VIL(AC) leve VREFCA tISVREF 215 - ps
CMD, ADDR hold time to CK_t, CK_c  Base tiH 140 - ps
referenced to VIH(DC) and VIL(DC) leve VREFCA tIHVREF 215 - ps
CTRL, ADDR pulse width for each input tIPW 600 - ps
ACTIVATE to internal READ or WRITE delay tRCD 135 - ns
PRECHARGE commaediod tRP 7.5 - ns
STORBperationperiod tSP 380 - ns
ACTIVATH®-PRECHARGE command period tRAS 143 - ns
ACTIVAT®-ACTIVATE or REF command period tRC 190 - ns
ACTIVAT®H-ACTIVATE command period to differel tRRD_S 10 - ns
bank groups

ACTIVAT®H-ACTIVATE command period to same tRRD_L 10 - ns
bank group

Four ACTIVATE windows tFAW 240 - ns

1{ S Sablé2 - JE®79-4A SecificationDeviationg | 7aRel&iq STDDR41333 Speed Bin Operating
Conditiong

2f S $ablél - JEB79-4A PecificationEnhancementd Y Hablé@18 ¢ SFTDDR41333 Speed Bin Operating
Conditiong
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Table34 ¢ Commandand Address Timing with (CL)

CL

WRITEecovery time tWR - 15 - ns
Delay from start of internal WRITE tWTR_L and 10 4 - CK
transaction to internal tWTR_S

READ commangiBoth same bank group
and different bank group for BL8

Delay from start of internal WRITE tWTR_L and 10 6 - CK
transaction to internal tWTR_S

READ commangiBoth same bank group

and different bank group for®4

REAEt0-PRECHARGE time tRTP MIN = greater of 4CK or CK
7.5ns

CAS_#0-CAS_n command delay to tCCD_S 4 - CK
different bank group
CAS_#0-CAS_n command delay to same tCCD_S 4 - CK
bank group
Auto precharge write recovery + precharc tDAL MIN = WR + CK
time ROUNDUP(tRP/tCK(AVG)

MAX = N/A

____________________________________________________________________________________________________________________________________________|
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Table35 ¢ MRS Command Timing

Parameter

MRS command cycle time tMRD 8 - CK

MRS command cycle time in PDA mode tMRD_PDA MIN = greater of (16nCK, CK
10ns)

MRS command update delay tMOD MIN = 24 CK

MRS command updai@elay in PDA mode tMOD_PDA MIN =tMOD CK

MRS command to DQS drive in preamble train tSDO MIN = tMOD + 9ns ns

Table36 ¢ MPR Command Timing

Parameter Symbol STDDR41333 Units

Multipurpose register recovergyme tMPRR MIN =1 CK
Multipurpose register write recovery time tWR_MPR MIN =tMOD CK

Table37 ¢ Connectivity Test Timing

Parameter Symbol S'FDDR41333 Units
TEN pin HIGH to CS_n L@®Bhter CT mode tCT_Enable ns
CS_n LOW and valid input to valid output tCT_Valid - 200 ns
CK_t, CK_c valid and CKE HIGH after TEN goes + tCTECT Valid 10 - ns

Table38 ¢ Calibration and ¥erpgl rain Timing
Parameter Symbol STDDR41333 Units

ZQCL command: Long calibration time tZQinit 1024 - ns
tZQoper 512 ns

The \kedAncrement/decrement step time VREF_time  MIN =150 ns

Enter \kerpdraining mode to the first write or Merpg tVREFDQE ~ MIN=150 ns

MRS command delay

Exit \kerpdraining mode to the first WRITE commani tVREFDQX  MIN=150 ns

delay

1 CK_t and GK must be complementary durin@onnectivity Test maintaining differential input
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Table39 ¢ Initialization and Reset Timing

Parameter Symbol STDDR41333 Units
Min Max

Exit reset fronCKE HIGH to a valid tXPR MIN = greater of 5CK or ns

command tRFC (MIN) + 10ns

RESET _L pulse low after power stable  tPW_RESET_S 20 - HS

RESET _L pulse low at power tPW_RESET L 200 - S

Begin power supply ramp to power tVDDPR N/A 200 ms

supplies stable

RESET_n LOW to power supplies stable tRPS 0 0 ns

RESET n LOW to I/O andiRghZ tI0Z N/A undefined ns

Table40 ¢ Refresh Timing

Parameter S'FDDR41333 Units
REFRES#d-ACTIVATE or REFRESH tRFC tRFC=tST ns
command period (all bank groups)

Average periodic refresh interval tREFI See Note 3 Us

Table41 ¢ SelfRefresh Timing

Parameter Symbol STDDR41333

Exit selfrefresh to commands naequiring a tXS 10 - ns
locked DLL SRX to commands not requiring
locked DLL in setéfresh abort

Exit seHrefresh to ZQCL, and MRS (CL, CW tXS_FAST 10 - ns
WR, RTP and geardown)

Exit selfrefresh to commands requiring a tXSDLL tDLLKMiN) > CK
locked DLL

! TheSTDDR4 devicdoes not support the Fine Granularity Refresh Mode. These parameters are referenced to
tRFC.

2 tST is specified ifiable18 ¢ STDDR41333 Speed Bin Operating Conditiarsl Table65 ¢ BankSaggeringTime

3 A refresh interval is not requiretiowever, a REFRESH command may be used to ensure last data written is
persistent.

4 TheSTDDR4 devicdoes not support Fine Granularity Refresh Mode. These parameters are referenced to tRFC.
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Minimum CKE low pulse width for sedffresh tCKESR - CK
entry to selfrefresh exit timing

Valid clocks after setefresh entry (SRE) or tCKSRE MAX - CK
power-down entry (PDE) (5CK,10ns)

Valid clocks beforselfrefresh exit (SRX) or tCKSRX MAX - CK
power-down exit (PDX), or reset exit (5CK,10ns)

Table42 ¢ Power Down Timing

Parameter Symbol STDDR41333

M Ve

Exit powerdown with DLL on to any valid tXP MAX
command (4CK,6ns)
CKE MIN pulse width tCKE(MIN) MAX - CK

(3CK,5ns)
Command pass disable delay tCPDED 8 - CK
Powerdown entry to powerdown exit timing | tPD tCKE (MIN) - CK
Begin powerdown period prior to CKE tANPD WL-1CK  WL-1CK CK
registered HIGH
Powerdown entry period: ODT either PDE Greater of tANPD or tRF CK
synchronous or asynchronous REFRESH command t

CKE LOW time

Powerdown exit period: ODT either PDX tANPD + tXPDLL CK
synchronous or asynchronous
ACTIVATE command to powdswn entry tACTPDEN 1 CK
PRECHARGE/PRECHARGE ALL command tPRPDEN 1 - CK
power-down entry
REFRESH command to posdewn entry tREFPDEN 1 - CK
MRS command to poweatown entry tMRSPDEN tMOD (min) - CK
READ/READ with auto precharge command tRDPDEN MIN=RL+4+1 CK
power-down entry
WRITE command to powdown entry tWRPDEN MIN=WL +4 +tWR/ CK
(BL8OTF, BLBMRS, BC4OTF) tCK(AVG)
WRITE command to powdown entry tWRPBC4ADEN MIN=WL +2+tWR/ CK
(BCAMRS) tCK(AVG)

1 tST is specifieth Table18 ¢ STDDR41333 Speed Bin Operating Conditiarsl Table65 ¢ BankSaggeringTime:
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Parameter Symbol STDDR41333 Units
WRITE with autprecharge command to tWRAPDEN MIN=WL+4+WR +: CK

power-down entry (BL8BOTF, BLBMRS,BC40
WRITE with auto precharge command to tWRAPBC4DEN MIN=WL2+WR+1 CK
power-down entry (BC4AMRS)

Table43 ¢ Write Leveling Timing

Parameter Symbol STDDR41333
Min

First DQS_t, DQS_c rising edge after write  tWLMRD 40 - CK
leveling mode is programmed

DQS _t, DQS_c delay after write leveling moc tWLDQSEN 25 - CK
is programmed

Write leveling setup from rising CK_t, CK_cr tWLS 0.13 - CK
crossing to rising DQS _t, DQS_c crossing

Write leveling hold from rising DQS _t, DQS_« tWLH 0.13 - CK
crossing to rising CK_t, CK_c crossing

Write leveling output delay tWLO 0 9.5 ns
Write leveling output error tWLOE 0 2 ns

10. t h2 9w |t LbLeL![ L% ¢Lhb {9v, 9D
10.1 Default Values

For powerup and reset initialization, in order to prevettte devicefrom functioning
improperly default values for the following MR settings need to be defined.

« Gear down mode MR3 A[3]): 0 = 1/2 Rate

- PerdeviceAddressabilitf{PDAYMR3 A[4]): 0 = Disable

- Max Power Saving Mode (MR4 A[1]): 0 = Disable

« CS to Command/Addretatency (MR4 A[8:6]): 000 = Disable

- CA Parity Latency Mode (MR5 A[2:0]): 000 = Disable

10.2 Power Up Initialization Sequence

1. Apply powerRESET_is recommended to be maintained below 0.2 xpy/all other inputs

may be undefined)RESET_needs to be maintaed for minimum 200us with stable power.
/' Y9 A& LlzZ f SR RESEE beihgydeassérfed(BinimutnTiReNBns). The

power voltage ramp time between 300mV t®N¥min must be no greater than 200ms; and
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during the ramp, ¥pX pbQand (\bp VbbqQ <0.3V. WYPmust ramp at the same time or
earlier than \bDand WPPmust be equal to or higher tharDDat all times.

During power up, either of the following conditions may exist and must be met:

Apply \ppwithout any slope reversal before or at the same time pp&nhd \bDQ

Vppand \bpgare driven from a single power converter output and apahpV¥ppQ
without any slope reversal before or at the same time ggsand \REFCA

The voltage levels on all pinther than \bp, VbDQ Vss Vssgnust be less than or equal to

Vbpgand \bDon one side and must be larger than or equal 8 Zand \5Son the other
side.

VTis limited to 0.76V max once power ramp is finished.
VREFC#acks \DD'2.
or

Apply \bpwithout any slope reversal before or at the same time apV
Apply \DDwithout any slope reversal before or at the same time BOE.

Apply \bpgwithout any slope reversal before or at the same time a$&VREFCA

The voltage levels on all pins other thapPWpp VbDQ Vss Vssgnust be less than or
equal to

Vopgand \bpon one side and must be larger than or equal t8ddnd \4son the other side.

2.

After RESET _n is-dsserted, wait for another 500us until CKE becomes active. During

this time, thedevicewill start internal initialization; this will be done independently of
external clocks.

Clocks (CK_t, CK_c) need to be started and stabilized for at least 10ns or 5tCK (whichever
is larger) before CKE goes active. Since CKE is a synchronous sigaaksperading

setup time to clock (tIS) must be met. Also a DESELECT command must be registered
6oAGK GL{ aSid dzLJ GAYS G2 Ot2010 4G Of 201 SR=Z
wSasSiz /Y9 ySSRa (2 0SS 02yl A yawendsgledce NS I A 4 G SN
finished, including expiration of tDLLK and tZQinit.

TheSTDDR4levicekeeps its ordie termination in highmpedance state as long as

RESET _n is asserted. Further,dbeicekeeps its ordie termination in the high

impedance statafter RESET_n deassertion until CKE is registered HIGH. The ODT input
signal may be in undefined state until tIS before CKE is registered HIGH. When CKE is
registered HIGH, the ODT input signal may be statically held at either LOW or HIGH. If
Rrrivomjsto be enabled in MR1, the ODT input signal must be statically held LOW. In all
cases, the ODT input signal remains static until the power up initialization sequence is
finished, including the expiration of tDLLK and tZQinit.

After CKE is registered HIGH4it a minimum of RESET CKE EXIT time, tXPR, before
issuing the first MRS command to load mode register (tXPR = MAX (tXS; 5 x tCK).

Issue MRS command to load MR3 with all application settings, wait tMRD.

Issue MRS command to load MR6 withaglblication settings, wait tMRD.
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8. Issue MRS command to load MR5 with all application settings, wait tMRD.

9. Issue MRS command to load MR4 with all application settings, wait tMRD. 10. Issue MRS
command to load MR2 with all application settings, wait tMRD.

10. Issue MRS command to load MR1 with all application settings, wait tMRD.

11. Issue MRS command to load MRO with all application settings, wait tMOD.

12. Issue a ZQCL command to start ZQ calibration.

13. Wait for tDLLK and tZQinit to complete.

14. The device will be ready fmormal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk

RN 2207 QO AR R

vpp _22

Vop, Voba W

tpw_RESET L

N/
CKE @@

RESET_n

P au oy e et far v

t ok
15 >l -

" ter | 'MRD | tmrD tMRD tvoD tzqinit

Command @W te A X VRS XX s WX Mrs Y7 X ks XA dXzac X b@@ /
ws. on 777 77772777272 {782 < X o R A o A 2,
ooT ZW@K_?Z Static LOW in case RTT(NOM) 15 enabled at time Tg. otherwise static HIGH or LOW 2 >
S I N I (R G { G (G (R G
zzTime Break /71 Don't Care
Figure5 - Reset and Initialization Sequence at Pow®&n Ramping

Q

Vaia Y7

Notes:
1. From time point Td until Tk, a DES command must be applied between MRS and ZQCL
commands.

MRS commands must be issued tonatide registers that have defined settings.
In general, there is no specific sequence for setting the MRS locations (except for dependent or
co-related features such as ENABLE DLL in MR1 prior to RESET DLL in MRO, for example.)

4. TEN is not shown; howewat is assumed to be held to LOW.
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10.3 Reset with Stable Power

The following sequence is required for RESET at no power interruption initialization:

o AP RO AR AN RF
vor s 8 TN TN T T UTU
o0, Yoo 2= ST T T

Ypw_RESET s

2
mma_&ﬁwrwrwrwr@rwrwmw

RESET_n

{ R I R S (A R ¢

t

Command
BG, BA

OoDT @W@K_zg Static LOW in case RTT(NOM) is enabled at time Tg. otherwise static HIGH or LOW '/4
¢ U G { G { SR ! G G { G
22 Time Break Don't Care
Figure6 - Reset with Stable Power

Notes:

1. AssertRESET Iaelow 0.2 x ¥pany time a Reset is needed (all other inputs may be
undefined).RESET_must be maintained for a minimum of 100ns. CKE is pulled LOW
before RESET_is deasserted (minimum time 10ns).

2. Follow Steps 2 through 7 in the Reset and Initialization Sequence at ovRamping
procedure.

When the Reset sequence is complete, the device is ready for normal operation.

3. From time point Td until Tk, a DES command must be applied between MRS and ZQCL
commands.

. MRS commands must be issued to all mode registers that have desatigogs.

5. In general, there is no specific sequence for setting the MRS locations (except for
dependent or ceelated features such as ENABLE DLL in MR1 prior to RESET DLL in MRO,
for example.)

6. TEN is not shown; however, it is assumed to be held to LOW.
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10.4 Uncontrolled Power Down Sequence
In the event of an uncontrolled ramping down of thepgupply, \¥pis allowed to be less than

Vppprovided the following conditions are met:

« Condition A: Wand \bo/Vbpg are ramping down (as part of turning off) fromormal
operating levels.

« Condition B: The amount thaP?may be less thanDO'VDDQIs less than or equal to
500mV.

« Condition C: The timeppmay be lessthanppA @ X mMnYa LISNJ 2 0O0dzNNByYy OS
I OO0dzydzt F SR GAYS Ay GKAA aidldS X mnnyao

« Condition D The time ¥pmay be less than 2.0V and abovesd KA £ S G dzNYyAy3I 27FF
LISNJ 2 00dzNNBYy OS gAGK | G201t | OOdzydzf  GSR (A YS

Note: In order to maintain nowolatility, all banks must be precharged and the BAO

command issued beforérror \bpfalls below the specified minimum values.

11. ah59 w9DL{ ¢ 9 w{

11.1 Programing the Mode Registers
For application flexibility, various functions, features, and modes are programmable in seven
Mode Registers, provided by thdevice as user defined valides that must be programmed
via a Mode Register Set (MRS) command.Mbde Registers are divided into various fields
depending on the functionality and/or modes. Since Mede Registers (MRn) do not have
default values defined, contents dode Registers must be initialized and/or ranitialized,
i.e. written, after power up and/or reset for proper operation. The contents ofNtuele
Registers can be altered by-executing the MRS command during normal operation.

When programming th&lode Registers, even if the user chooses to modify only a subset of
the MRS fields, all address fields within the acceddede Register must be redefied when

the MRS command is issued. MRS comraadidot affect the array contents which means
these commands can be executed any time after peuger

The MRS command cycle timggrbis required to complete the write operation to tidode
Register and ishe minimum time required between two MRS commands showrigure? -
tmrp TiMing

____________________________________________________________________________________________________________________________________________|
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tMRD

Settings I Old settings > )) Updating settings )) I

| | [ | [ ] | |
zzTimeBreak Don'tCare

Figure7 - tyrp Timing

Notes:
1. ThistmingRAF ANJI Y RSLIAOGa /! LINARGE Y2RS a
tmroapplies to all MRS commands with the following exceptions:
Geardown mode
CA parity mode
CAL mode
PerDRAM addressability mode

Vrerpdraining value, ¥eFDdraining mode, and Merpdraining range

puli
>
QX
(@]]
—

N ogbkrwnN

Sonre of the Mode Register settings affect the address/command/control input functionality. In
these cases, the next MRS command can be allowed when the function updating by current
MRS command completes. This type of MRS command does not apply tMRD timéxg to
MRS command, however, these MRS command input cases have unique MR setting procedure,
so refer to individual function descriptions. These commands include:

PerDeviceAddressability mode

VREFDd@raining value
VREFD@raining mode
VREFDdraining rang
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The MRS command to NeMIRS command delay, tMOD, is required for tlewiceto update
features, and is the minimum time required from an MRS command to aMi®8 command
excluding DES is shownRigure8 - twop Timing

Ta2 Ta3

Ty U i | | | |

Settings | Old settings )) Updating settings )) New settings_|

| [ | | | A |
zzTimeBreak Don'tCare

Figure8 - tmop Timing

TheMode Register contents can be changed using the same command and timing
requirements during normal operation as long as tieviceis in the idle state, i.e., all banks are
in the prechaged state with gpsatisfied, all stor@perationsare complete with grsatisfied, all
data bursts are completed and CKE is high prior to writing intdvtbee Register.

In some of theMode Register setting cases, function updating takes longer thamtThis type

of MRS does not apply tMOD timing to next valid command, excluding DES. These MRS
command input cases have unique mode register setting procedures, so refer to the individual
function description.
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11.2 Mode Register Structure

Table44 ¢ Mode Registel0 (MRO)

Mode Register = Operating Description
Mode

BG1 RFU Reserved, must be 0
BGO, BA1:.BAO MR Select 000 = Not Supported 100 = Not Supported

001 = Not Supported 101 = Not Supported

010 = MR2 110 = Not Supported

011 = Not Supported 111 = Not Supported
Al3 NOMEM 0 = Disabl&NOMEMmode 1 = Enabl& OMEM mode
Al11:A9 WR/RTP® 000 = 10/5 100 = 18/9

001 =12/6 101 = 20/10

010 = 14/7 110 = 24/12

011 =16/8 111 = Reserved
A8 Reset DLL 0=No 1=Yes
A7 ™ 0 = Normal 1= Test
Al2, A6:A4, A2 CAS Latency 0000l = 10CK Only CL=10 is supported
A3 Read Burst Type 0 = Sequential 1 = Not Supportet
Al1l:A0 Burst Length 00 = 8 (Fixed) 10 = BC4 (fixed)

01 = BC4 or 8 (on tHly) 11 =Reserved

! Reserved for Register contnabrd setting. The device responds only to BGO, BA1:BAO=DE\iice operation is not
defined foranyother setting.

2WR (write recovery for AUTOPRECHARGE) min in clock cycles is calculated by dividing tWR(in ns) by tCK(in ns) and
rounding up to thenext integer: WRmin[cycles] = Roundup(tWR[ns] / tCK[ns]). The WR value in the mode register must be
programmed to be equal to or larger than WRmin. The programmed WR value is used with tRP to determine tDAL

3 The table shows the encodings for Write Recgwvand internal Read command to PRECHARGE command delay. For actual
Write recovery timing please refer to AC timing table

4 Read Burst Types other than Sequential are not supportedTSkle61 - Burst Length, Type and Ordand for more
information.
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Table45 ¢ Mode Register {MR1)

Mode Operating Mode | Description
Register

BG1 RFU Reserved, must be 0
BGO, BA1:BA( MR Select 000= MR 100= MR4
001=MRL 101= MR5
010=MR2 110= MR6
011=MRS3 111= RCW
Al3 MEM Reserved, must be 0 -
Al2 QOFE 0 = Output buffer enabled 1 = Output buffer disabled
All TDQS Enable 0 = Disabled 1 = Enabled
A10:A8 000 = RrrivomDisableOnly 100=Not Supported
RTT(NOM) 001 =Not Supported 101=Not Supported
010=Not Supported 110=Not Supported
011 =Not Supported 111=Not Supported
A7 Write Leveling 0 = Disabled 1 = Enabled
Enable
A6:A5 RFU Reserved, must be 00 -
A4:A3 Additive Latency Not supported, must be 30 =0 (AL disabled)
A2:Al Output driver 00 = RZQ/7 10 = RZQ/6
impedance 01 = RzQ/5 11 = Reserved
control
A0 DLL Enable 0 = Disablet! 1 = Enabled

I Reserved for Register Control Word setting. The device ignores MR command with BGO, BA1;BA0=111 and
R28ayQli NBALRYR® 2KSYy wC! aw{ O2d®dasSiiiy3 ra asis RSO,
2 Qutputs disabled DQs, DQS _t, DQS ¢

3 These features are disabled. Any attempt to change these bits will be ignored

YYadrasSa NBOSNERSR G2 an Fa 5AalofSé gAGK NBaLISOG (G2 55wo
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Table46 ¢ Mode Register ZMR2)
Description

BG1 RFU Reserved, must be 0

BGOBA1:BAO MR Select 000= MR 100= MR4
001=MRL 101= MR5
010=MR2 110= MR6
011=MRS3 111 = RCW

Al3 TRR Mode Not supported, must be?0 0 = Disabled

Al2 Write CRC Not supported, must be?0 0 = Disabled

Al11:A9 Rrrwr) 000 = Dynamic ODT off -

A8:A2 TrRrMode - BGh control 0 = Disabled 1 = Enabled

A7:A6 Low Power Array Self  Reserved, must be 80 -

Refresh
A5:A3 CAS Write Latency (CW 000=9 only CWL =9 only
Al:A0 TrRrRMode - BAn control Not supported, must be G0 -

Table47 ¢ Mode Register 3 (MR3)
Mode Operating Mode Description

Register
BG1 RFU Reserved, must be 0 -
BGO, MR Select 000 = MRO 100 = MR4
BA1:BAO 001 = MR1 101 = MR5
010 = MR2 110 = MR6
011 =MR3 111 = RCW
Al3 RFU Reserved, mudte 0 -
Al12:A11 MPR Read Format 00 =Serial 10 =Not Supported
01 =Not Supported 11 =Not Supportel*
A10:A9 Write CMD Latency when DN 00 = 4CK 10 = Not Supportd*
is enabled 01 = Not Suppoed* 11 = Reserved
A8 Refresh command executes 0 =Disabled 1 = Enabled

Store All

! Reserved for Register Control Word setting, the device ignoresdviffnand with BGO, BA1;BA0=111 and

R28ayQli NBALRYR® 2KSy wC! aw O2RS a8GGAy3 Aa adidz RSOA
2These features are disabled. Any attempt to change these bits will be ignored

3 Reserved for Register Control Word setting, the de\goeres MR command with BGO, BA1;BA0=111 and

R2Say Qi NBaLRyR® 2KSy wcC! aw O2RS aSidAy3a Aa aSiGz RSOA

4 These features are disabled. Any attempt to change these bits will be ignored
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Mode Operating Mode Description
Register
A7:A6 Store all bank staggering 00 = 2 banks 10 = 8 banks
01 = 4 banks 11 = 16 banks
A5 Temperature sensor readout Not supported, must be’0 0= Disabled
A4 PerDeviceaddress 0 = Disabled 1 = Enabled
ability
A3 Geardown mode Not supported, must be 0 = Disabled
01
A2 MPR Operation 0 = Normal 1 = Dataflow from/to
MPR
Al:AQ MPR Page selection 00 = Page 0 10 = Page 2
01 =Page 1l 11 = Page 3

Table48¢ MPR Page 0 (Training Pattern)
Address MPR 71 [6] ] [ B [ [ [0

Location
BA1:BAO 00=MPRO O 1 0 1 0 1 0 1 Read/Write
01 =MPR 0 0 1 1 0 0 1 1 (default
10 = MPR 0 0 0 0 1 1 1 1 value)
11 = MPR 0 0 0 0 0 0 0 0

Table49¢ MPR Pagd (Not Defined
MPR [71 6] [51 [ 81 [2 [1]

Location
BA1:BAO 00 =MPR X X X X X X X X Read/Write
01 = MPR X X X X X X X X (default
10 = MPR X X X X X X X X value)
11 = MPR X X X X X X X X

1 These features are disabled. Any attempt to seb-supported values will be ignored
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Table50c MPR Pagé! (MRS Readout

Address [3] [2] [1] Note
Locatlon

BA1:BAO 00 = MPR RFU RTT(WR Temperature CRC RTT(WR) Read
Sensor Write Only
Status Enable
- - MR2 - - MR2 MR2
- - All 0 1 Al2 Al10 A9
01 = MPR VREFDC VREF Training Value Gear
Down
Enable
MR6 MR6 MR3
A6 A5 A4 A3 A2 Al A0 A3
10 = MPR CAS Latency CAS Write Latency
MRO MR2
A6 A5 A4 A2 Al2 A5 A4 A3
11 =MPR RTT(NOM) RTT(PARK) Driver
Impedance
MR1 MR5 MR2

A10 A9 A8 A8 A7 A6 A2 Al

Table51¢ MPR Pagé (Vendor Use Only

R R
Location

BA1:BAO 00 = MPR Read/Write
01 =MPRL X X X X X X X X (default
10 = MPR X X X X X X X X value)
11 = MPR X X X X X X X X
|
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Table52 ¢ Mode Registed (MR4)

Mode Operating Mode Description
Register

BG1 RFU Reserved, must be 0 -

BGO, MR Select 000 = MRO 100 = MR4

BA1:BAO 001 =MR1 101 = MR5

010 = MR2 110 = MR6
011 =MRS3 111 = RCW

Al3 RFU Reserved, must be 0 -

Al12 Write Preamble Not Supported, must be?0 1CK

All Read Preamble Not Supported, must be?0 1 CK

Al10 Read Preamble Training 0 = Disabled 1 = Enabled
Mode

A9 Selfrefresh Abort Not Supported, must be’0 0= Disabled

A8:A6 CS to CMD / ADDR Latency Mod¢ Not Supported, must be 00C 000= Disabled
(cycles)

A5 RFU Reserved, must be 0

A4 Internal \keAMonitor 0 = Disabled 1 = Enabled

A3 Temperature Controlled Refresh Not Supported, must be’0 0= Normal
Mode

A2 Temperature Controlled Refresh = Not Supported, must be’0 1 = Disabled
Range

Al Maximum Power Savings Mode Not Supported, must be’d 0 =Disabled

A0 RFU Reserved, must be 0 -

I Reserved for Register Control Word setting. THd®BR4 device ignores the MR command with BGO,

.ImT. ! allmmm FYR R2SayQi NBalLRyRe 2KSy wcCc! aw O2RS Aa &
2These features are disabled. Any attempt to change these bits will be ignored
3{ S $ablé3 - IBIY9-4A UnsupportedFeature Optionsé
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Table53 ¢ Mode Registes (MR5)
Description

BG1 RFU

BGO, BA1:BAO MR Select

Al3 RFU

Al2 Read DBI

All Write DBI

A10 Data Mask

A9 CA Parity
Persistent Error

AB:AB RIT(PARK)

A5 ODT Input Buffer
during Power
Down Mode

A4 C/A Parity Error
Status

A3 CRC Error Clear

A2:A0 C/A Parity
Latency
Mode

Reserved, must be 0
000= MP
001=MRL
010= MR
011=MR3

Reserved, must be 0

Not Supported, must be?0
Not Supported, must be?0
0 = Disabled

Not Supported, must be

000= RTTpark) Disable
001=RZM
010=RzZQ2
011=RZ%

0 = Buffer is activated

Not Supported, must be?0

Not Supported, must be?0

100 = MR4
101 =MR5

110 = MR6
111 = RCW

0= Disabled
0 = Disabled
1 = Enabled
0 = Disabled

100 = RZQ/1
101 = RZQ/5
110 = RZQ/3
111 = RZQ/7
1 = Buffer igleactivated

0= Clear

0= Clear

Not Supported, must be 080 0= Disabled

! Reserved for Register Control Waelting. The SDDR4 device ignores the MR command with BGO,
I MT.!almmm YR R2Say Qi NBALRYRO®
2These features are disabled. Any attempt to change these bits will be ignored
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Table54 ¢ Mode Register 6 (MR6)

BG1 RFU Reserved, must be 0
BGO, BA1:BAO MR Select 000= MRO 100= MR4
001=MRL 101= MR5
010= MR 110= MR6
011=MR3 111= RCW
Al3 RFU Reserved, must be -
Al12:A10 tCCD_L SeeTable56¢tCCD_L -
A9 RFU Reserved, must be 0 -
A8 RFU Reserved, must be 0 -
A7 VREFDJ raining 0= Disgbled (Normal 1 = Enabled
el Operation)
A6 VREFDQraining 0 =Range 1 1 = Range 2
Range
A5:A0 VREFDQraining SeeTable55¢ VREFDQ Rang -
Value and Levels

1 Reserved for Register Control Word setting. Td®®BR4 device ignores the MR command with BGO,
I MT.!almmm YR R2Say Qi NBaLRYR® 2KSy wCc! aw O2RS Aa &
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Table55¢ VREFDQ Range and Levels
A5:A0 A5:A0
00 0000 60.00% 45.00% 01 1010 76.90% 61.90%
00 0001 60.65% 45.65% 011011 77.55% 62.55%
00 0010 61.30% 46.30% 01 1100 78.20% 63.20%
00 0011 61.95% 46.95% 011101 78.85% 63.85%
00 0100 62.60% 47.60% 011110 79.50% 64.50%
00 0101 63.25% 48.25% 011111 80.15% 65.15%
00 0110 63.90% 48.90% 10 0000 80.80% 65.80%
00 0111 64.55% 49.55% 10 0001 81.45% 66.45%
00 1000 65.20% 50.20% 10 0010 82.10% 67.10%
00 1001 65.85% 50.85% 10 0011 82.75% 67.75%
00 1010 66.50% 51.50% 10 0100 83.40% 68.40%
00 1011 67.15% 52.15% 10 0101 84.05% 69.05%
00 1100 67.80% 52.80% 10 0110 84.70% 69.70%
00 1101 68.45% 53.45% 10 0111 85.35% 70.35%
00 1110 69.10% 54.10% 10 1000 86.00% 71.00%
00 1111 69.75% 54.75% 10 1001 86.65% 71.65%
01 0000 70.40% 55.40% 10 1010 87.30% 72.30%
01 0001 71.05% 56.05% 10 1011 87.95% 72.95%
01 0010 71.70% 56.70% 10 1100 88.60% 73.60%
01 0011 72.35% 57.35% 10 1101 89.25% 74.25%
01 0100 73.00% 58.00% 10 1110 89.90% 74.90%
01 0101 73.65% 58.65% 10 1111 90.55% 75.55%
01 0110 74.30% 59.30% 11 0000 91.20% 76.20%
010111 74.95% 59.95% 11 0001 91.85% 76.85%
01 1000 75.60% 60.60% 11 0010 92.50% 77.50%
01 1001 76.25% 61.25% 11 0011to Reserved Reserved

11 1111

©2022 Everspin Technologies 74 EMD4EO01GAS2 RevisioB 10/2022
All Rights Reserved



:TE CHNOLOGIES EMD4EOOlGRS

Table56 C tCCD L

597 X MoooaboLJ

0 O 1 5 X Myccabolda
(1600/1866 Mbps)

0 1 0 6 768 X HnnnaolLJ
(2133/2400 Mbps)

0 1 1 7 1028 X bSRpported

1 0 0 8 X b20 { dzLJLJ2 NI SR

1 0 1

1 1 0 Reserved

1 1 1

11.3 MPR Reads
MPR reads are supported using BL8 and BC4 modes. Burst leniji-ibynis not
supported for MPR reads. READ commands for BC4 are supported with a starting column
address of A[2:0] = 000 or 100. After powsr, the content of MPR Page 0 has the default
gl f dzSaz ¢ KA OFRabledBIBVPR Bage\0y(T3aming\ RattexinMPR page 0 can
be rewritten via an MPR WRITE command. The device maintains the default values unless it
is rewritten by theSTDDR4ontroller. If theSFDDR4ontroller does overwrite the efault
values (Page 0 only), the device will maintain the new values unlésgiatized or there is
power loss.

Timing in MPR mode:

* Reads (backo-back) from Page 0 may use tCCD_S or tCCD_L timing between READ
commands

* Reads (backo-back) from Pages, 2, or 3 may not use tCCD_S timing between READ
commands; tCCD_L must be used for timing between READ commands.
The following steps are required to use the MPR to read out the contents of a mode register
(MPR Page x, MPRYy).
The DLL must be locked if enadbl
2. Precharge all; wait until tRP is satisfied.
3. MRS command to MR3[A2] = 1 (Enable MPR data flow), MR3[A12:A11] = MPR read format, and
MR3[AL1:A0] MPR page.
MR3[12:11] MPR read format:
00 = Serial read format
01 = Not Supported
10 = Not Supported
11 =RFU
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MR3[1:0] MPRage:
00 = MPR Page 0
01 =MPR Pagel
10 = MPR Page 2
11 =MPR Page 3

. tMRD and tMOD must be satisfied.
5. Redirect all subsequent READ commands to specific MPRx location.
Issue RD or RDA command.
BA1 and BAO indicate MPRXx location:

00 = MPRO
01 =MPR1
10 =MPR2
11 =MPRS3

A12/BC =0 or 1; BL8 or BC4 fixedly, BC4 OTF not supported.
If BL = 8 and MRO[A1:AQ] = 01, A12/BC must be set to 1 during MPR READ commands.
A2 = bursttype dependent:

BL8: A2 = 0 with burst order fixed at 0, 1, 2, 3,4, 5,6, 7

BL8: A2 = 1 not allowed

BC4: A2 = 0 with burst order fixed at0, 1,2, 3, T, T, T, T
BC4: A2 = 1 with burst order fixed at 4,5, 6, 7, T, T, T, T A[1:0] = 00, data burst is fixed
nibble startat 0OOWS Yl AyAYy 3 I RRNBaad AylLlziaz Ay Of dzRAy 3
/ I NB ®é
7. After RL = Clthe devicebursts data from MPRXx location; MPR readout format determined by
MR3[A12,A11,A1,A0].

8. Steps 5 through 7 may be repeated to read additional MPRx locations.

9. After the last MPRx READ bursizarmust be satisfied prior to exiting.

10. Issue MRS command to exit MPR mode; MR3[A2] = 0.

11. After the twvobsequence is complete, thdeviceis ready for normal operation

11.4 MPR Readout Format

Only the serial read data format is supported.

11.5 MPR Readout Serial Format

The serial format is required when @pling the MPR function to read out the contents of

an MRx, temperature sensor status, and the command address parity error frame.
However, data bus calibration locations (foub# registers) can be programmed to read

out any of the three formats. Thaeviceis required to drive associated strobes with the

read data similar to normal operation (such as using MRS preamble settings).

Serial format implies that the same pattern is returned on all DQ lanes, as shown the table
below, which uses values prograrechinto the MPR via [7:0] as 0111 1111.
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Table57- MPR Readout Serial Formét8)
DQO 0 1 1 1 1 1 1
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

1
1
1
1
1
1
1
1

OO0 0000 o
PR R RR PR R
PR R RR PR R
PR R RRPR R
PR R RRPR R
PR R RRPR R
PR R R R PR

Table58 ¢ MPR Readout Serial Format (x16)
DQO 0 1 1 1 1 1 1
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DB
DQ
DQL0
DQL1
DQ12
DQL3
DQL4
DQL5

OO0 000000000000 Oo
R R RRPRRRPRRPRRRRRRRR
PR RRPRRRPRRRRRPRRRPRRRPR
RPRRRPRRRPRRRRRRRRR
RPRRRPRRRPRRRRRRRRPR
RPRRRPRRRPRRRRRRRRPR
PR RRPRRPRRPRPRRRRRRPRRRPR
PR RRPRRPRRPRRRRPRRPRRRRPR
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22Time Break Don't Care
Figure9 - MPR Read Timing
Notes:

1. tCCD_S =4, Read Preamble = 1tCK

2. Address setting
lomMmYn8 T annédo ORFGIF o0dzNEG 2 NR
l OHBT anédo O0C2N) . [0n2B45MAG 2N
(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
BA1 and BAO indicate the MPR location
I!'mn YR 20KSNJ I RRNBaa LIAya NS R2y QG OFNB A
awn !'omYne ' anné 2N GmnéP laynRuéYdzad oS WmQo

Z
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\7/4 \“/4 \ZA\%/4
(BL=8:Fixed) R D B DD O O BN O @
DQS_t,
OO T OO
BC=4:Fixed) R .UIDXUH){U\ZXUB) ~UIO)(UH) Ul 13,

2zTime Break Don'tCare
Figurel0- MPR Backo-Back Read Timing

Notes:

1. tCCD_S =4, Read Preamble = 1tCK

2. Address setting:
- lomYne ' annéo O6RIFGE odz2NEG 2NR
-« 1 QHBT anéo 0O0C2NJled§tly,234568RHEG 2N
« (For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
- BA1 and BAO indicate the MPR location
- I'mn FYR 20KSNJ I RRNBaad LAya NB R2y Qi OFNB Ay

awn ! omYne ' anné 2N dmnBog laynRvéYdzad o068 WmQo

R afd

Z

A TAE
JAA TA

> Q)
ms U»

J
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Notes:

UI0 % UIT S UI2 3CUI3 S UK SCUIS S Ule S UI7 | 22
22Time Break Don'tCare
Figurell- MPR Reado-Write Timing

1. Address setting
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b)
A2 = 0b (For BL=8, Burst order is fixed at 0,1,2,3,4,5,6,7)
BA1 and BAMhdicate the MPR locatohmn | YR 20 KSNJ | RRN
AyOf dzZRAy3 .Dm YR .Dnd ! MH A& R2YyQ
when MRO A[1:p=01
2. Address setting:
BA1 and BAbhdicate the MPR location A[7:0] = data for MPR
BA1 and BAbhdicate the MPR location

I'mn YR 20KSNJ I RRNBaa LAya INBE a52y Qi /I NJ

LIA Y

Kaa
G Ol NB ¢

11.6 MPR Writes
MPR access mode allows writes to the MPR location using the address bus A[7:0]. The
devicewill maintain the new written values unless-ir@tialized or there is power loss.
The following steps are required to use the MPR to write to mode regisRR Mage 0, MPRX.

1.
2.
3.

4.

g

The DLL must be locked if enabled.
Precharge all; wait until tRP is satisfied.
MRS command to MR3[A2] = 1 (enable MPR data flow) and MR3[A1:A0] = 00 (MPR Page 0);
01, 10, and 11 are not allowed.
tMRD and tMOD must be satisfied.
Redirect all subsequent WRITE commands to specific MPRx location.
Issue WR or WRA command: BA1 and BAO indicate MPRXx location
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3
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A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[7:0].
Remaining address inputs, including A10,aBdB | YR . Dn | NB a52y Qi /

7. tWR_MPR must be satisfied to complete MPR WRITE.
8. Steps 5 through 7 may be repeated to write additional MPRXx locations.
9. After the last MPRx WRITE, tMPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MZB= 0.
11. When the tMOD sequence is completed, theviceis ready for normal operation from the

core (such as ACT).

!
0Q L} ) L} A
(( 2 [{{ « U0 O S U2 5 UB S U U Y Ue S U7 )

22 Time Break Don't Care

Figurel2 - MPR Write and Writeto-Read Timing

Notes:
1. Multipurpose register read/write enable (MR3 A2k
2. Address setting:
- BA1 and BAO indicate the MPR location
- I'mn FYR 20KSNJ I RRNBaa LIAya NB a52y Qi /I NB¢
3. Parity latency (PL) is added to data output delay when CA parity latency mode is enabled.
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Address@@@@@@q b@lid Add Valid Y7 Valid Add Va7 )Ry iy Riay DRI ) Talidy

AN/ VK77 AN/ AN/ AN /AN /AN N/

e U
DQ 22
uTime Break Don'tCare
Figurel3- MPR Backo-Back WriteTiming
Notes:

1. Address setting:
- BA1 and BAO indicate the MPR location
« A[7:0] = data for MPR
- I'mn FYR 20KSNJ I RRNBaa LIAya NB a52y Qi /I NBé

©2022 Everspin Technologies 82 EMD4EO01GAS2 RevisioB 10/2022
All Rights Reserved



LOGIES EMD4EOO01GAS

RTimeBreak Don'tCare
Figureld - MPR Refresh Timing

Notes:
1. Multipurpose registers read/writenable (MR3 A2 = 1). Redirect all subsequent read and writes
to MPR locations.
2. 1xrefresh is only allowed when MPR mode is enabled.

©2022 Everspin Technologies 83 EMD4EO01GAS2 RevisioB 10/2022
All Rights Reserved



LOGIES EMD4EOO01GAS

TO T T2 Ta0 Tal Ta2 Ta3 Ta4 Ta5 Tab Ta7 Ta8 Ta9

Address X Add Valid Va@QMh‘d Valid Valid Valid Valid Valid Y77 < Velid Y XValia 77X Valia Valid

AN AN/AN AN/ AN/ AN/ AN /AN /AN AN/ AN /AN 4
< HALE »le +1) +Clod > e
_ ))
DQS_t, gés_i « T X A
pa 22 KO0 UI S UZSCUB S U U5 S U5 Ul )
BC=4 .
DQS_t, DQS_c 2 (
bQ 22 UITSCUIT S U (U )
zzTimeBreak Don'tCare
Figurel5- MPR Reado-Refresh Timing
Notes:

1. Address setting
O A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
O A2 =0b (For BL=8, Burst order is fixed at 0,1,2,3,4,5,6,7)
O BAL1 and BAO indicate the MPR location
O!'mn FYR 20KSNJ I RRNS&aa LAYyaA | NB R2¥alien OF NB
MRO A[1:0] = 00 or 10, and must be 1b when MRO AELL
2. 1x Refresh is only allowed when MPR mode is enabled.

©2022 Everspin Technologies 84 EMD4EO01GAS2 RevisioB 10/2022
All Rights Reserved



—
:TE CHNOLOGIES EMD4EOOlGQS

12./ haa! b5 59{/ wLt ¢Lhb/{

Table59 ¢ CKE Truth Table

CurrentStatd| ~  CKE | Command (N Action
Previous | Current | AS_nCAS n,
Cyclé (N-1) Cyclé (N) E n,CS n

Power Down X Maintain Power Down 14,15
L H DESELECT Power Down Exit 11,14
SeltRefresh L L X Maintain SeHRefresh 15,16
L H DESELECT SelfRefresh Exit 8,12, 16
Bank(s) Active H L DESELECT Active Power Down Entry 11, 13,
14
Reading H L DESELECT Power Down Entry 11, 13,
14, 17
Writing H L DESELECT Power Down Entry 11, 13,
14, 17
Precharging H L DESELECT Power Down Entry 11, 13,
14, 17
Refreshing H L DESELECT Precharge Power Down Entr 11
All Banks Idle H L DESELECT Precharge Power Down Entr 11, 13,
14,18
H L Refresh SelfRefresh Entry 9, 13,18
For more details with all signalsS $ablé60- Command Truth Tabke ® 10

Notes for CKE Truth Table:

4. All states and sequences not shown are illegal or reserved unless explicitly descsiedezt
in this document.

5. During any CKE transition (registration of CKH ldr CKE*H), the CKE level must be
maintained until 1nCK prior to tCKEmin being satisfied (at which time CKE may transition again).

6. DESELECT and NOP are definéflable60 - Command Truth Tabde ®

7. On SeHRefresh Exit DESELECT commands must be issued on every clock edge occurring during
the tXS period. Read commands may be issuedadtdy tXSDLL is satisfied.

8. SelfRefresh mode can only be entered from the All Banks Idle state.

9. Must be a legal command as defineddirable60 - Command Truth Tabde ®

10.Valid commands for Powddown Entry and Exit are DESELECT only.

I Current state is defined as the state of the[3DR4 devicenmediately prior to clock edge N
2Command (N) is the command registered at clock edge N, and Action (N) is a result of Command (N)
3 CKE (N) is the logic state of CKE at clock edge N; QK@dblthe state of CKE at the previous clock edge
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11.Valid commands for SeRefresh Exit are DESELECT only

12. SeltRefresh cannot be entered during Read or Write operations.

13.The Paver-Down does not perform any refresh operations.

14.6- ¢ YSIFya aR2y QG OF NB& 0 A y-RefrestRahd/PBweBoiv2 It G Ay 3 | N
also applies to Address pins.

15.VPP and VREFCA must be maintained duringR&&ksh operation. The first Write ogaion
or first Write Leveling Activity may occur after tXS time after exit fromrSgHsh

16.If all banks are closed at the conclusion of the READ, WRITE or PRECHARGE command, then
Precharge PoweDown is entered, otherwise Active Poweown is entered.

17.6Rt S adlradS¢ Aa RSTAYSR a F+tt olyla | NS Oft 2aSF
progress, CKE is high, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC,
tZQinit, tZQoper, etc.) as well as all Sdffresh exit anddver-Down Exiparametersare
satisfied (tXS, tXP, etc.)
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Table60- Command Truth Table

Function Abbr CKE1 CS_n| ACT_n| RAS_n CAS_n WE_n| BGOG | BAG | Al2/ | A13,| A10| AO- | Note
/A15 /A14 BGl BAl BC_n| A1l | /AP A6

Mode Register Set MRS H L OP Code
Refresh REF H H L H L L H V V Vv Vv vV VvV 11
Seltrefresh Entry SRE H L L H L L H \Y V V V vV V 7,9
Selfrefresh Exit SRX L H H X X X X X X X X X X 7,8,
L H H H H Vv Vv Vv Vv vV VvV 9,10
Single Bank Precharge PRE H H L H L H L BG BA V V L V 1
Precharge all Banks PREA H H L H L H L \% \% \% \% H V
Bank Activate ACT H H L L \% RowAddress BG BA Row Address (RA)
(RA)
Write (Fixed BL8 or BC4 WR H H L H H L L BG BA \% \% L CA
Write (BC4, onthe Fly) | WRS4 H H L H H L L BG BA L \% L CA
Write (BL8, on the Fly) WRS8 H H L H H L L BG BA H Vv L CA
Write with Auto Precharge  WRA H H L H H L L BG BA \% \% H CA
(Fixed BL8 or BC4)
Write with Auto Precharge. WRAS4 H H L H H L L BG BA L \% H CA
(BC4, on the Fly)
Write with Auto Precharge. WRASS8 H H L H H L L BG BA H \% H CA
(BL8, on the Fly)
Read (Fixed BL8 orBC4, RD H H L H H L H BG BA Vv Vv L CA
Read (BC4, onthe Fly) | RDS4 H H L H H L H BG BA L Vv L CA
Read (BL8, on the Fly) = RDS8 H H L H H L H BG BA H Vv L CA
Read with Auto Precharge. RDA H H L H H L H BG BA \% \% H CA

(Fixed BL8 or BC4)
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Function Abbr CS_n ACT_n| RAS_n CAS_n WE_n| BGG | BAG = A12/ | A13,| A10 AO- | Note
PREV CUR | /A15 | /Al4 | BG1 | BA1 | BC_n| All | /AP A6
Read with Auto Precharge RDAS4  H H L H H L H BG BA L V. H CA
(BC4, on thély)

Read with Auto Precharge RDAS8 H H L H H L H BG BA H V H CA
(BL8, on the Fly)

No Operation NOP H H L H H H H \ \% \% \% vV V
Device Deselected DES H H H X X X X X X X X X X
PowerDown Entry PDE H H H X X X X X X X X X X
PowerDown Exit PDX L H H X X X X X X X X X X
ZQ calibration Long ZQCL H H L H H H L \% \% \% \% H V

Notes:

1. AllSFTDDR4 commands are defined by states of CS_n, ACT_n, RAS_n, CAS_n/Al15, WE_n/Al14 and CKE at the rising edge of the clock
TheMSB of BG, BA, RA and CA are device density and configuration dependent. When ACT_n = H; pins RAS_n, CAS_n/Al15, and
WE_n/A14 are used as command pins RAS_n, CAS_n, and WE_n respectively. When ACT_n = L; pins RAS_n, CAS _n/Al5, and
WE_n/Al14 are used as adds pins A15 and Al4 respectively.

2. RESET _nis Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.
Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank groppreddzbupon. For MRS
commands the BG and BA selects the specific Mode Register location.

Caxé NSIRRATFAYSR f23AQast25a6i /HHYyNBéa- ¢ YSIEYaA
5. Burst reads or writes cannot be terminated or interrupted and FixedhmFly BL will be defined by MRS.
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The Power Down Mode does not perform any refresh operation.

The state of ODT does not affect the states described in this table.

Controller guarantees setefresh exit to be synchronous.

VREF(VREFCA) must be maintained d&#tigefresh operation. The first Write Leveling
Activity may occur after tXS time after exit from Sefresh.

10. Refer to the CKE Truth Table for more detail with CKE transition.

11. The RERESHommandis used to execute the store all operation. $#FRESH Command
(store all operation)n pagell4.

v R N

Table61- Burst Length, Type and Order

Starting Column| Burst Type = Sequenti Burst Type =
Address (decimal) A3=0 Interleaved (decimal)

Read / Write

(A2, Al, AOD) A3=1

4 READ o,V,V 0,1,2,3,T,T,T,T Not Supported 1,234
1,V,V 456,7,TTTT Not Supported 1,234
WRITE o,V,V 0,1,2,3,X,X,X,X Not Supported 1,245
1,V,V 4,5,6,7,X,X,X,X Not Supported 1,2,45

8 READ 0,V,V 0,1,2,3,4,5,6,7 Not Supported 2.4

1,V,V Not Supported Not Supported 2,4

WRITE V,V,V 0,1,2,3,4,5,6,7 Not Supported 2,4

Notes:

1. In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two
clock cycles earlier than for the BL8 mode. This means that the starting point for tWR and tWTR
will be pulled inby two clocks. In case of burst length being selectedheqly via A12/BC _n,
the internal write operation starts at the same point in time like a burst of 8 write operation.
This means that during etine-fly control, the starting point for tWR and tWTRlIwot be
pulled in by two clocks.
0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.
T: Output driver for data and strobes are in high impedance.
V: A valid logic level (0 or 1), but respective buffer inpubiga level on input pins. 5.
Y 52y Qi /I NB

iAW

12.1 DLL

The DLL must be enabled for normal operation and is required during papvieitialization

and upon returning to normal operation after having the DLL disabled. During normal operation
(DLL enabled with MFRAQ]) the DLL is automatically disabled when entering the-8HFRESH
operation and is automatically renabled upon exit of the SEREFRESH operation. Any time

the DLL is enabled and subsequently reset, tDLLK clock cycles must occur before a READ can be
issued to allow time for the internal clock to be synchronized with the external clock. Failing to
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wait for synchronization to occur may result in a violation of the tDQSCK, tAON, or tAOF
parameters.

During tDLLK, CKE must continuously be registered Hlt&Hlevice does not require DLL for
any WRITE operation

12.1.1 DLL On/Off Switching Procedure
STDDRDLLoff mode is entered by setting MR1 bit AO to O; this will disable the DLL for
subsequent operations until A0 bit is set back to 1.

12.1.2 Switch DLL to Off

To switch from Dl-tin to DLEoff requires the frequency to be changed during seffesh, as

outlined in the following procedure:

Starting from the idle state (all banks pcharged, all timings fulfilled

Set MR1 bit AO to O to disable the DLL.

Wait tMOD.

Enter selrefresh mode; wait until tCKSRE is satisfied.

Change frequency, following the guidws in the Input Clock Frequency Change section.

Wait until a stable clock is available for at least tCKSRX at device inputs.

Starting with the SEEREFRESH EXIT command, CKE must continuously be registered HIGH

until all tMOD timings from any MRS commaaré satisfied.

8. Wait tXS_FAST, tXS_ABORT, or tXS, and then set mode registers with appropriate values (an
update of CL, CWL, and WR may be necessary; a ZQCL command can also be issued after
tXS_FAST).

9. tXS_FAST: ZQCL and MRS commands. For MRS commar@s,amdWWR/RTP registers in
MRO, the CWL register inR2, and geadown mode in MR3 malye accessed provided the
device is not ifPer DevicAddressability mode. Access to other device mode registers must
satisfy tXS timing.

10. tXS_ABORT: The controller cesuie a valid command after a delay of tXS_ABORT. Upon
exiting from seHrefresh, the device requires a minimum of one extra REFRESH command
before it is put back into selefresh mode. This requirement remains the same regardless
of the MRS bit setting foselfrefresh abort.

11. tXS: ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS8, RD, RDS4,
RDS8, RDA, RDAS4, and RDASS.

12. Wait for twonto complete.

13. The device is ready for the next command.

No s wN =
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7 [RGB N RO

txs_FAST

oo AR A A @

trp XS_ABORT
-
1
t

s tCKESR txs

w O A | D ROA7802. | A% Ab. AN

Enter self refresh Exit self refresh

22 Time Break Don't Care

Figurel6- DLL Off Sequence

Notes:

Starting in the idle state.

Disable DLL by setting MR1 bit AO to 0.

Enter SR.

Change Frequency.

Clock must be stabletsrx

Exit SR.

Update mode registers allowed with Dbff settings met.
Rrrraris the only ODT modsupported

Rrrvom@and Rrawrjs not supported

0 O N UL WN =

12.1.3 DLL Off Mode

DLLoff mode is entered by setting MR1 bit AO to O; this will disable the DLL for subsequent
operations until AO bit is set back to 1. The MR1 AO bit for DLL control can be switched either
during initialization or later. Refer t@ectioné22.1Input Clock Fregency Changé

The DUoff Mode operations listed belowre anoptional feature The maximum clock
frequency for DL-bff Mode is specified by the parameter tCKDLL(OFF).

Due to latency counter and timing restrictions, only one value of CAS Latency (CL) in MRO and
CAS Write Latency (CWL) in MR2 are supported. ThefDinbde is only required to support
setting of both CL=10 and CWL=9.
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DLLoff mode will affect the Read data Clock to Data Strobe relationship (tDQSCK), but not the
Data Strobe to Data relationship (tDQSQ, tQH). Special attention is needed to line up Read data
to controller time domain.

Conparing with DLion mode, where tDQSCK starts from the rising clock edge (CL) cycles after
the Read command, the Dblf mode tDQSCK starts (CL) cycles after the read command.

Another difference is that tDQSCK may not be small compared to tCK (iteweghbe larger

than tCK) and the difference between tDQSCKmin and tDQSCKmax is significantly larger than in
DLLon mode. tDQSCK(DLL_off) values are vendor specific.

The timingrelations on DLoff mode READ operation are shown in the following Timing
Diagram (CL=10, BL=8):

TD T? TB T9 TI() T11 T'\Z T3 T14

......

CMD _< RD >: : ZE :
« O i
DQsdiff_dIl_on : E : E \ . . : . ;
i T A W i
— > i i i i i i
@ H H H (CL=104 H H H .;
DQ_dll_on ] 1y ] ] ] : ] : ] :
: (( H : : ' i : : : \ OAOX QA1 X QAZX OA3X OMX QASX OA&X QAJ
‘- : RL (DLL_gff) =AL +{CL-1) = 98 i P :
v ' ' ' ' ' ' o ‘mscmu om imin !
DQsdiff_dll_off )) : : . : . ' ' :
« i e al B e B
DQ_dIl_off 22 ' ' ' ' ' | \ :
ano Y oar Y oa2 Y oas Y ome QA7
| MR 00000
: ' "DQSCH(DLL off} max 1 ! H : ' : H
DQSdiff_dil_off 22

DQ_dll_off 2( \QAUX QAIX QAZXQMXQMX QASX QA&X QA J
Flgure17 Read Operatlon in DLL Off Mode

12.1.4 Switch DLL to On

To switch from DL-bff to DLEon (with required frequency change) during sedfresh:

Starting from the idle state (all banks pcaarged all timings fulfillegl

Enter selrefresh mode; wait until tCKSRE is satisfied.

Change frequency (following the guidelines in the Input Clock Frequency Change section).
Wait until a stable clock is available for at least tCKSRX at device inputs.

Staring with the SELREFRESH EXIT command, CKE must continuously be registered HIGH
until tDLLK timing from the subsequent DLL RESET command is satisfied.

arowpdE
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6. Wait tXS or tXS_ABORT, depending on bit A9 in MR4, then set MR1 bit AO to 1 to enable the
DLL.

7. Wait tMRD, then set MR1 bit A8 to 1 to start DLL reset.

8. Wait tMRD, then set mode registers with appropriate values; an update of CL, CWL, and WR
may be necessary. After tMOD is satisfied from any proceeding MRS command, a ZQCL
command can also be issued duringafter tDLLK.

9. Wait for tMOD to complete. Remember to wait tDLLK after DLL RESET before applying any
command requiring a locked DLL. In addition, wait for tZQoper in case a ZQCL command
was issued.

The device is ready for the next command.

12.2 Input Clock Fregancy Change
After the device is initialized, it requires the clock to be stable during almost all states of normal
operation. This means that after the clock frequency has been set and is in the stable state, the
clock period is not allowed to deviate extdor what is allowed by the clock jitter and spread
spectrum clocking (SSC) specifications. The input clock frequency can be changed from one
stable clock rate to another stable clock rate in two modes:
1. Selfrefresh mode and

2. PrechargdPowerdown mode.
Outside of these modes, it is illegal to change the clock frequency.

For condition (1), after the device has been successfully placed iregelh mode and tCKSRE

KFra 0SSy aliAaFfTASRI GKS adlFriS¢2¥3GKSad2gQl 665
changing the clock frequency is permissible, provided the new clock frequency is stable prior to
tCKSRX. When entering and exiting-sefifesh mode for the sole purpose of changing the clock
frequency, the selfefresh entry and exiét LISOA FAOF G A2y a YdzalFariAff o685
REFRES#section

For the new clock frequency, additional MRS commands to MRO, MR2, MR3, MR4, and MR6

may need to k issued to program appropriate CL, CWL, gieavn mode, READ and WRITE
preamble, and tCCD_L values.

The device input clock frequency can change only within the minimum and maximum operating
frequency specified for the particular speed grade. Any frequehange below the minimum
operating frequency would require the use of Biri mode to DLIoff mode transition

sequence (DLL On/Off Switching Procedwe page90).

The input clock frequency is allowed to change only within the minimum and maximum
operating frequency specified for the particular speed grade. During the input clock frequency
change, CKE must be held at stable LOW levels. Once the input clock freigughraryged,

stable new clocks must be provided to ttevice tCKSRX before Precharge Podewn may

be exited; after Precharge Powerdown is exited and tXP has expired, tDLLK MRS command
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followed by DLL reset must be issued. Depending on the new cloakefiey, additional MRS
commands may need to be issued to appropriately set the WR/RTP, CL, and CWL with CKE
continuously registered high. During DLHaek period, CKE must remain HIGH. After the DLL
lock time, thedeviceis ready to operate with newlockfrequency. This procedure is shown in
OFigurel8- Frequency Change DurifiRECHARGE Power Déelow.

Previous Clock Frequency New Clock Frequency o

Yyvyy

: t i L) )
b CKSRE ! ' o § tesax
]

Y
[

)
i

| 7N I S e 7/ = A R A
CMD .MED@(_DEszwzy /W /"///A 7 %.( DES )@@( DES )@@( M|RS )@( DES )@%\muo >@
7 2 U L L L L L L L L L L A L L i ¥

\

:
! DODTLoff+tADC! Dty ' _

. _—_— - . ol ]
oor _; L U L 2 ' N 7% 2
E?gff__z ?/ 77 /////ﬁ/// 777 %%“‘;El or R”—f““—zg E 2% E %g E g%
Q777 //”///’:/””/ W“'?@E}W'es : ( (¢ '; «

HRLS

-
- -

f Time Break [//]Don't Care
Enter PiHARGE Frequency Exit PREiARGE 22
Power-Down Mode Change Power-Down Mode

Figurel8 - Frequency Change Duril@RECHARGE Power Down

Notes:
1. tCKSRE and tCKSRX areRB#liesh mode specification but the value they represent are

applicable here.
2. If Rrparkis disabled and ODT input buffer is not deactivated.
3. RrrearKs the only ODT mode supported.
4. Rrrvom@and Rrowrare not supported.
5 ¢KS h5¢ LAY AY | aR2y Qi OF NB¢

____________________________________________________________________________________________________________________________________________|
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12.3 Write Leveling
For better signal integrity, DDR4 memory modules uséylyopology for the commands,
addresses, control signals, and clocks:biylyopology has benefits from the reduced number
of stubs and their length, but it also causes fligjhte skew between clocand strobe at every
STDDR4 devicen the DIMM. This makes it difficult for the controller to maintain tDQSS,
tDSS, and tDSH specifications. Therefore, the device supports devetang feature to allow
the controller to compensate for skew. This feagunmay not be required under some system
conditions, provided the host can maintain the tDQSS, tDSS, and tDSH specifications.

The memory controller can use the wrikeveling feature and feedback from the device to

adjust the DQS (DQS _t, DQS_c) to CK (CK_t) relationship. The memory controller involved

in the leveling must have an adjustable delay setting on DQS to align the rising edge of DQS
with that of the clock at thelevicepin. Thedeviceasynchronously feeds back CK, sampled with
the rising edg of DQS, through the DQ bus. The controller repeatedly delays DQS until a
transition from 0 to 1 is detected. The DQS delay established though this exercise would ensure
the tDQSS specification. Besides tDQSS, tDSS and tDSH specifications also Heddl¢a be

One way to achieve this is to combine the actual tDQSS in the application with an appropriate
duty cycle and jitter on the DQS signals. Depending on the actual tDQSS in the application, the
actual values for tDQSL and tDQSH may have to be likterthe absolute limits provided in

the AC Timing Parameters section in order to satisfy tDSS and tDSH specifications. A conceptual
timing of this scheme is shown below.

12.4 Settings for Write Leveling and Termination
Thedeviceenters into writeleveling male if A7 in MR1 is HIGH. When leveling is finished, the
deviceexits writeleveling mode if A7 in MR1 is LOW. Note that in wigteeling mode, only
DQS terminations are activated and deactivated via the ODT pin, unlike normal operation See
GTable62- MR Settings for Leveling Procedutes 6 St 2 ¢ ®

Table62 MR Settings for Leveling Procedures

Write leveling enable
Output buffer mode (Q off) A12 0 1

12.5 Write Leveling Procedure Description
The Memory controller initiates Leveling mode ofSiHDDR4 deviceby setting bit A7 of
MR1 to 1. When entering write leveling mode, the DQ pins are in an undefined driving mode.
During write leveling mode, only DESELECT commands are allowed, as well as an MRS
command to change Qoff bit (MR1[A12]) and an MRS commaaexitevrite leveling
(MR1[A7]). Upon exiting write leveling mode, the MRS command performing the exit
(MR1[A7]=0) may also change MR1 bits of-AB2A2A1. Since the controller levels one rank
at a time, the output of other ranks must be disabled by settwviR1 bit A12 to 1.
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The Controller may drive DQS _t low and DQS_c high after a delay of tWLDQSEN, at which
time the DRAM has applied ahe termination on these signals. After tDQSL and tWLMRD,
the controller provides a single DQS_t, DQS_c edge whichdswyshedeviceto sample

CK_t CK_c driven from controller. tWLMRD(max) timing is controller dependent.

DRAM samples CK- €K _c status with rising edge of DQQS_c and provides feedback

on all the DQ bits asynchronously after tWLO timing. TheseDi® output uncertainty of

tWLOE defined to allow mismatch on DQ bits. The tWLOE period is defined from the
transition of the earliest DQ bit to the corresponding transition of the latest DQ bit. There

are no read strobes (DQS_t/DQS_c) needed for these D@nhtroller samples incoming DQs
and decides to increment or decrement DQSDQS _c delay setting and launches the next
DQS _t/DQS_c pulse after some time, which is controller dependent. Once a 0 to 1 transition
is detected, the controller locks the DQSDQS _c delay setting and write leveling is

achieved for the devicedFigurel9 - Timing details of the Write Leveling Sequehce
illustratesthe timing diagram and pameters for the overall Write Leveling procedure

o IWLDQSEN . o, 1DQsL If'- ________ tDOf'E ------- > :E{, ------------------------
weoon [ L L L L O L LY o
eyoon ([T T N
wio "WLOE I T E——
Figurel9- Timing details of the Write Leveling Sequence
Notes:

1.

2.
3.
4

DDR4 SDRAM drives leveling feedback on all DQs

MRS : Load MR1 to enter write leveling mode

DES Deslect

diff_DQS is the differential data strobe (DQ®QS _c). Timing reference points are the zero
crossrings. DQS is shown with solid line, DQS_c is shown with dotted line

CK_t/CK_c : CKis shown with solid dark line, where as CK_c is drawn witHidetted
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6. DQS_t, DQS_c needs to fulfill minimum pulse width requirements tDQSH(min) and tDQSL(min)
as defined for regular Writes; the max pulse width is system dependent.

12.6 Write Leveling Mode Exit

Write-leveling mode should be exited as follows:

1. After the last rising strobe edge (see ~TO0), stop driving the strobe signals (see ~Tc0). Note that
from this point on, DQ pins are in undefined driving mode and will remain undefined, until
tMOD after the respective MR command (Tel).

2. Drive ODT pin LOW (IS must besfad) and continue registering LOW (see TbO0).

3. After Rrris switched off, disable writeeveling mode via the MRS command (see Tc2).
4. After tMOD is satisfied (Tel), any valid command can be registered. (MR commands can be
issued after tMRD [Td1]).

Command

Address

oot

ODTL (OFF)

tADC (MIN)

RT1(005 1) 'Y '3 N \
focs.o | T A S— —— |
DQS_t N 1) 3}
s f X Q—— U U
U 2 2
‘wio -~

< R ) ) ) )

[l Undefined Driving Mode Transitioning R Time Break Don't Care

Figue 20 - Write Leveling Exit

Notes:
1. The DQ result = 1 between Ta0 and TcO is a result of the DQS signals capturing CK_t HIGH just
after the TO state.
2. See previous figure for specific tWLO timing.

____________________________________________________________________________________________________________________________________________|
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12.7 PerDeviceAddressability(PDA)

DDRA4 allows programmability of a single, spediéziceon a rank. As an example, this feature
can be used to program different values on edelviceon a given rank. Becauger Device

Addressability (PDA) mode may be used to paogoptimal \Redor each devicethe data

setup for first DQO transfer or the hold time for the last DQO transfer cannot be guaranteed.
Thedevicemay sample DQO on either the first falling or second rising DQS transfer edge. This
supports a common implenmeation between BC4 and BL8 modes on dexice TheSFDDR4
controller is required to drive DQO to a stable LOW or HIGH state during the length of the data
transfer for BC4 and BL8 cases.

1. Before entering PDA mode, write leveling is required.

* BL8 or BC4 nyebe used.
2. Before entering PDA mode, the following MR settings are possible:

*  RrT(PARKYIRS A[8:6] = Enable

3. Enable PDA mode using MR3[A4] = 1. (The default programed value of MR3[A4] = 0.)
In PDA mode, all MRS commands are qualified with DQO. The deviaeesdpQO by using
DQS signals. If the value on DQO is LOW{d¢veceexecutes the MRS command. If the
value on DQO is HIGH, tdeviceignores the MRS command. The controller can choose to
drive all the DQ bits.

5. Program the desire& FDDR4 devicand moc registers using the MRS command and DQO.

. In PDA mode, only MRS commands are allowed.

7. The MODE REGISTER SET command cycle time in PDA mode, CWL5t@&K /2
tMRD_PDA, is required to complete the WRITE operation to the mode register and is the
minimumtime required between two MRS commands.

8. Remove the device from PDA mode by setting MR3[A4] = 0. (This command requires DQO =
0.

Note: Removing the device from PDA mode will require programming the entire MR3 when the
MRS command is issued. This mayaotsome PDA values programmed within a rank as
the EXIT command is sent to the rank. To avoid such a case, the PDA enable/disable control
bit is located in a mode register that does not have any PDA mode controls.

In PDA mode, the device captures DQO@®QS signals the same as in a normal WRITE
operation.
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CKC - p— . -
Kt . 2_\—/
MR3A4=1
(PDA enable) top - OWLALSPL N o MRD_PDA
I~ T " 1
DQS_t )) Z‘ N "
DQS_c (( ( ------------ -'\—)‘- il a
U U M U
PDAS i ke —»  |«—PDAH
P DODTLo =WL3
_ DODTLon =WL-3 o
ARY Ay AN
RrT {( Fripar) 2( X FrTnom) B e ((

Figure21- PDA Operation Enabled, BL8

1. Rrreare Enable; WRITE preamble set =2tCK; and DLL = on.

MR3 A4 =0
(PDA disable) 5 CWL+AL+PL -
e > -
DQS_t !
DQS_c & ‘
Do R
2 ' . U
PDAS—a! b PDAH—»i e
B DODTLoff ~WL3 >
o « \ 2
DODTLon - WL-3
- |
Ryt | FrTtpark U FrTNOM) D T
e ! )

[ Transitioning 22 Time Break

Figure22- MRS PDA Exit

Notes:
1. Rrearis Enable; WRITE preamble set =2tCK; and DLL = on.
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12.8 VREFD@alibration
The VREFDQ level, which is used bydthaeceDQ input receivers, is internally generated. The
R S @ AVBEFD@ does not have a default value upon papeand must be set to the desired
value, usually via

VREFDQ calibration mode. If PDA or PPR modes are used prior to VREFDQ calibration, VREFDQ
should initially be set at the midpoint between the VDD, max] e LOW as determined by

the driver and ODT termination selected with wide voltage swing on the input levels and setup

and hold times of approximately 0.75Ul. The memory controller is responsible for VREFDQ
calibration to determine the best internal VREP level.

The VREFDQ calibration is enabled/disabled via MR6[A7], MR6[A6] selects Range 1 (60% to
92.5% of VDDQ) or Range 2 (45% to 77.5% of VDDQ), and an MRS protocol using MR6[A5:AQ] to
adjust the VREFDQ level up and down. MR6[A6:A0] bits can bedaltsireg the MRS command

if MR6[A7] is disabled. TI®FDDR4controller will likely use a series of writes and reads in
conjunction with VREFDQ adjustments to obtain the best VREFDQ, which in turn optimizes the
data eye.

The internal VREFDQ specificati@mgmeters are voltage range, step size, VREF step time,
VREF full step time, and VREF valid level. The voltage operating range specifies the minimum
required VREF setting range ®FDDR4 devices. The minimum range is defined by
VREFDQ,min and VREFDQ,max. As noted, a calibration sequence, determinesiiyORe
controller, should be performed to adjust VREFDQ and optimize the timing and voltage margin
of the devicedata input receiers. The internal VREFDQ voltage value may not be exactly within
the voltage range setting coupled with the VREF set tolerance; the device must be calibrated to
the correct internal VREFDQ voltage.
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{5100 — — - e - - N
v \
i\ v\
\ ‘ \‘.: VREF,max
|
VREF
range ;
.u /1A V' REF,min
o T
— — — ' \\. ________ ’ \\_ — —
I \ | \
___I o
—_ — = Vg nSmall [ System Variance
—_—— VSWINGlarge Total Range

Figure23- VREFDQ Voltage Ragm

12.9 VREFDGtep Size

The VREF step size is defined as the step size between adjacent steps. VREF step size ranges
from 0.5% VDDQ to 0.8% VDDQ. However, for a given design, the device has one value for VREF
step size that falls within the range.

The VREF set tolerance is the variation in the VREF voltage from the ideal setting. This accounts
for accumulated error over mufile steps. There are two ranges for VREF set tolerance
uncertainty. The range of VREF set tolerance uncertainty is a function of number of steps n.

The VREF set tolerance is measured with respect to the ideal line, which is based on the MIN
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and MAX VRERlue endpoints for a specified range. The internal-¥o/oltage value may not
be exactly within the voltage range setting coupled with the VREF set tolerance; the device
must be calibrated to the correct internakd-pd/oltage.

7/
Actual VREF ’®
output 4

7 Straight Ine
7 (Endpoint fit)

VREF

VREFset 1F 7’

Ve
tolerance 4 @

x
s VrRepet
y tolerance
Ve -

VREF
step size

Digital Code

Figure24 - Example of VREF Set Tolerance and Step Size

Notes:
1. Maximumcase shown

12.10 VREFDQncrement and Decrement Timing
The VREF increment/decrement step times are defined by VREF,time. VREF,time is defined

from tO to t1, where t1 is referenced to the VREF voltage at the final DC level within the VREF
valid tolerance (VREFRI_tol). The VREF valid level is defined by VREF,val tolerance to qualify
the step time t1. This parameter is used to insure an adequate RC time constant behavior of
the voltage level change after any VREF increment/decrement adjustment.
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WU 7777777722222/

VREF setting

adjustment

DQ VREF D( Old Vg setting Updating Vgeg setting > New Vper Setﬁng>
VREF_time
'
t0 t1
|/ 1
(///] Don't Care

Figure25 - Vrerpgl IMming Diagram for Wer imeParameter
Notes:
1. 10 is referenced to the MRS command clock.

2. tlis referenced to KEF tol.

VREFD@alibration mode is entered via an MRS command, setting MR6[A7] to 1 (O disables
VREFD@4dibration mode) and setting MR6[AG] to either O or 1 to select the desired range
bawc®! pY! n8é I NB pespodlirétion/modeRas bedn ent@redivNdo +

calibration mode legal commands mayissued oncévREFDQRas been satisfied. Legal

commands for Rerpcalibration mode are ACT, WR, WRA, RD, RDA, PRE, DES, and MRS to set
VREFD@alues, and MRS to exiR¢rpgalibration mode. Also, afterREFpalibration mode

KIra 0SSY SYUGSNBRI daRdzyyYeéé 2wlL¢9 O2repdygdiRra I NB
the first time \REFp@alibration is performed after initializatiosetting \REFD@alues requires
MRG6[A7] be set to 1 and MR6[A6] be unchanged from the initial range selection; MR6[A5:A0]
may be set to the desiredRéFp@alues. If MR6[A7] set to 0, MR6[AG:AQ] are not written.

VREF timeshort Of VREF timdong must be satisfied after each MR6 command to seEMbyalue

before the internal ¥eFp@alue is valid.

If PDA mode is used in conjunction witRg¢pcalibration, the PDA mode requirement that
only MRS commands are allowed while PDA mode is enabled is not waived. That is, the only

VREFD@alibration mode legal commands noted above that may be used are the MRS

commands: MRS to seR¢rFp@alues and MR® exit \REFp@alibration mode.
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The last MR6[A6:AQ] setting written to MR6 prior to exitirge¥p@alibration mode is the
range and value used for the internakip@etting. ExistingVrerFp@alibration modes
allowedwhen thedeviceis in idle state After the MRS command to exikR¥rFDcalibration
mode has been issued, DES must be issued ypigtpgikas been satisfied where any legal

command may then be issuedriFp@etting should be updated if the die temperature
changes too much from the chaiation temperature.

12.10.1 Range 1 Calibration
The followings atypical script when applying the above rules fagre¢palibration routine

when performing YeFpgealibration in Range 1:
1. MRB[A7:A6]10 [A5:A0]XXXXXXX.

* Subsequent legal commands while iRp¢pcalibration mode: ACT, WR, WRA, RD, RDA,
PRE, DES, and MRS (to satppyalues and exit NEFpalibration mode).

* All subsequent ¥erpgalibration MR setting commands are
MR6[A7:A6]10[A5:AQ]VVVVVV.

cGtxtxt+++é | NB RSREFODNBR aStidAay3aa F2N +
2. Issue £T/WR/RD looking for pass/fail to determingpii{midpoint) as needed.

To exit \ReFp@alibration, the last two Kerp@alibration MR commands are:
1. MRG6[A7:A6]10 [A5:A0]VVVVVV* [where VVVVVV* = desired valugfenpd
2. MRG6[A7]0 [AG:AQIXXXXXXX [to ¥rREFD@alibration mode.]

12.10.2 Range 2 Calibration

The followings atypical script when applying the above rules fgte¢palibration routine
when performing YerFpgalibration in Range 2:

1. MRB[A7:A6]11 [A5:A0]XXXXXXX.

2. Subsequent legal commands while iRp¢pcalibration mode: ACT, WR, WRA, RD, RDA,
PRE, DES, and MRS (to satppyalues and exit NeEFp@alibration mode).

3. All subsequent REFpalibration MR setting commands are
MR6[A7:AB]11[A5:AQ]VVVVVV.

4. Gx+x++++¢é¢ | NS RSREfDNBR aSddAay3a F2N =
5. Issue ACT/WR/RD looking for pass/fail to determigeNfmidpoint) as needed.
To exit \ReFpcalibration, the last two KeFp@alibration MR commands are:
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1. MRG6[A7:A6]11 [A5:A0]VVVVVV* where VVVVVV* = desired valugfpn)
2. MRG[A7]0 [A6:AQ]IXXXXXXX td ¥REFD@alibration mode.

Note:
1. Range may only be set or changed when enterirgprb@alibration mode; changing range

while in or exiting WeFpc@alibration mode is illegal.

Command @< DES >@< MRS )Qé( DES >@< CMD ﬁ% DES >Q&< CMD ﬁ% DES >@< MRS w% DES )@< >@< DES >@

'VREFDQE | 'VREFDQK |
I 1

F
VREFDQtralnmg on NeWVHEFDQ NeWVREFDQ VHEFDOtrammg off
value or write value or write

zzTime Break Don't Care

Figure26 - Training Mode Entry and Exit Timing [@iam

Notes:
1. New \RerDp@alues are not allowed with an MRS command during calibration mode entry.

2. Depending on the step size of the latest programmegtivalue, \Repmust be satisfied before
disabling WEFDdraining mode.
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\REF
Voltage
_________________ VREF
Vbbg e
Sten Size TVerf_val_’[ol
t1
Time
Figure27 - VREF Single Step Size Increment Case
\REF
Voltage

Step Size

l Verf_val_tol

VREF

Mpg pé

Time

Figure28- VREF Single Step Decrement Case
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VREF l
Voltage

Veer. VREF
Vbpo e

Vref val t

1

Time

Figure29- VREF Full Step:rM mit0 VREE max

VREF VREF,max
Voltage
Fulllrange
step t1
lVref val to
VREF,min _______________
Time

Figure30- VREF Single Step Decrement Case

VREF
Mpbo bl
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12.11 VREFDQ Target Settings

The VREFDQ initial settings are largely dependent on the ODT termination settings. The table
below shows all the possible initial settings available for VREFDQ training; it is unlikely the
lower ODT settings woulde used in most cases

Table63- Vrerpal arget Settings (o= 1.2V)

RON OoDT VX¢ VIN VRerpQ  VRerpg(%0VDDQ)
LOW (mV) (mV)

340hms 600 900 75%
34 Ohns 40 ohms 550 875 73%
48 ohms 500 850 71%
60 ohms 435 815 68%
800ohms 360 780 65%
120ohms 265 732 61%
2400hms 150 675 56%
48 Ohms 34 ohms 700 950 79%
40 ohms 655 925 77%
48 ohms 600 900 75%
60 ohms 535 865 2%
80 ohms 450 825 69%
120 ohms 345 770 64%
240 ohms 200 700 58%
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i ODT

I RXer

RoN I | WREFDOQ

(internal

\/

Figure31- VREFDQ Equivalent Circuit

12.12 Connectivity Test Mode

ConnectivityTest (CTMode is similar to boundary scan testing but is designed to
significantly speed up the testing of electrical continuity of pin interconnections between the
device and the memory controller on the PC boards. déhaceis designed to work

seamlessly with anboundary scamechanism

Contrary to other conventional shifegisterbased test modes, where test patterns are

shifted in and out of the memory devices serially during each clock, the CT mode allows test
patterns to be entered on the test input ping parallel and the test results to be extracted

from the test output pins of the device in parallel. These two functions are also performed at
the same time, significantly increasing the speed of the connectivity check. When placed in
CT mode, the devicappears as an asynchronous device to the external controlling agent.
After the input test pattern is applied, the connectivity test results are available for

extraction in parallel at the test output pins after a fixed propagation delay time.

Note: A rest of the device is required after exiting CT made (Figure4 - VREFCA Voltage
Range.
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Only digital pins can be tested using the CT mode. For the purposes of atoatynekeck, all
the pins used for digital logic in the device are classified as one of the following types:
- Test enable (TEN)When asserted HIGH, this pin causes the device to enter CT mode.

In CT mode, the normal memory function inside the devidy/mssed and the 1/0 pins
appear as a set of test input and output pins to the external controlling agent.

Additionally, the device will set the internak¥FD ° VDDQx 0.5 during CT mode (this

is the only time thedevicetakes direct control over setig the internal YEFpg The
TEN pin is dedicated to the connectivity check function and will not be used during
normal device operation.

- Chip select (CS_nWhen asserted LOW, this pin enables the test output pins in the
device. Where-asserted, these output pins will be High The CS_n pin in the device
serves as the CS_n pin in CT mode.

- Testinput A group of pins used during normal device operation designated as test
input pins. These pins are used to enter the feattern in CT mode.

- Test output A group of pins used during normal device operation designated as test
output pins. These pins are used for extraction of the connectivity test results in CT
mode.

- RESET :nThis pin must be fixed high level during CT maddan normal function.

Table64 - Connectivity Mode Pin Description and Switching Levels
CT Mode Pins Pin Name During Normal Memory Switching Level

Operation
Test Enable TEN CMOS (20%/80%n 1,2
Chip Select CS n VRercA 200mV 3
Testnput A  BA[1:0], BG[1:0], A[9:0], A10/AP, Al1, VRercat 200mV 3,7

A12/BC_n, A13, WE_n/ Al4, CAS_n/A:
RAS_n, CKE, ACT n, ODT, CLK_t, CL

PAR
B LDM_n/LDBI_n, UDM_n/LDBI_n; Vrerpg 200mV 4
DM_n/DBI_n
C ALERT_n CMOS20%/80% Wh) 2,5
D RESET_n CMOS (20%/80%N) 2
Test Output DQ[15:0], UDQS_t, UDQS_c, LDQS_t, Vrrx 100mV 6

LDQS_c; DQS_t, DQS_c
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Notes:

1.

N o v AW

TEN: Connectivity test mode is active when TEN is HIGH and inactive when TEN is LOW. TEN
must be LOWuring normal operation.

CMOS is a raib-rail signal with DC HIGH at 80% and DC LOW at 2086 (@69mYV for DC

HIGH and 240mV for DC LOW.)

Vrercshould be YWo/2.

Vrerpghould be ¥pd2.

ALERT _n switching level is not a final setting.

Vrrshould be set to M/2.

CK_t and CK_c must be complementary during Connectivity Test maintaining differentail input.

12.12.1 Minimum Terms Definition for Logic Equations
The test input and output pins are related by the following equations, where INV denotes a
logical inversion operation and XOR a logical exclusive OR operation:

MTO = XOR (Al, A6, PAR)

MT1 = XOR (A8, ALERT _n, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0, A7, All)

MT4 = XOR (CK_c, ODT, CAS_n/A15)

MT5 = XOR (CKE, RAS_n, A10/AP)

MT6 = XOR (ACT_n, AAIB

MT7 = x16: XOR (DMU_n/DBIU_n , DML_n/DBIL_n, CK_1)

= x8: XOR (BG1, DML_n/DBIL_n, CK_t)

MT8 = XOR (WE_n/A14, A12/BC, BAO)

MT9 = XOR (BGO, ABESET & TEN)

In Connectivity Test Mode, the inputs CK_t and CK_c need to remain complemeats of

other (CK_c = ~CK t); this restriction is not part of the JEDEC DDR4 spec

12.12.2 Logic Equations for x8 Operation
DQO = MT0 DQ5 = MT5
DQ1 = MT1 DQ6 = MT6
DQ2 = MT2 DQ7 = MT7
DQ3 =MT3 DQS_t=MT8
DQ4 = MT4 DQS_c = MT9

12.12.3 Logic Equations for x1@peration
DQO = MTO DQ10 = !IDQ2
DQ1=MT1 DQ11=!DQ3
DQ2 = MT2 DQ12=!DQ4
DQ3 =MT3 DQ13 =!DQ5
DQ4 = MT4 DQ14 = DQ6
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DQ5 = MT5 DQ15 = IDQ7

DQ6 = MT6 LDQS t=MT8

DQ7 =MT7 UDQS_t = MT9
DQS8 = IDQO LDQS c = ILDQS t
DQ9 = IDQ1 UDQS_c = 'UDQS_t

12.13 CT Input Timing Requirements
Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable. Upon the
assertion of the TEN pin HIGH with RESET _n, CKE and CS_n held HIGH; CLK t, CLK c, and CKE
signals become test inputs within tCTECTidvarhe remaining CT inputs become valid
tCT_Enable after TEN goes HIGH when CS_n allows input to begin sampling, provided inputs
were valid for at least tCT_Valid. While in CT mode, refresh activities in the memory arrays are
not allowed; they are initited either externally (autorefresh) or internally (SRéfresh).

The TEN pin may be asserted after tfeicehas completed poweon. After thedeviceis

initialized and YerFpds calibrated, CT mode may no longer be used. The TEN pin may be de
asserted at any time in CT mode. Upon exiting CT mode, the states of the memory device are
unknown. A full reset of the memory device is required.

After CT mode has been entered, thetput signals will be stable within tCT_Valid after the
test inputs have been applied as long as TEN is maintained HIGH and CS_n is maintained LOW.

Ta o Tc Td

Ccl:(:i [ 2 2, ’20 Valid Input W Valid Input
tCKSRX s
T=10ns ts s
« F Vit N, Vel nput
s . CTCKE_valid
Reset_n _ / i tCT_lS
TEN YCTCKE valid > 10ns
tCT_enable tCT:ISE Ons
CS_n \
T s
CTinputs P72 %E Valid Input X0 : Valid Input
CT?vaI\d CT_valid
CToutputs B s s 2 Valid X Valid

22 Time Break Don't Care

Figure32- Connectivity Test Mode Entry
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12.14 ACTIVATEommand

The ACTIVATE command is used to open (activate) a row in a particular bank for subsequent
access. The values on the BG[1:0] inputs select the bank group, the BA[1:0] inputs select the
bank within the bank group, and the address provided on inputs A[1Bl6¢ts the row within

the bank. This row remains active (open) for accesses until a PRECHARGE command is issued to
that bank.

A PRECHARGE command must be issued before opening a different row in the same bank.
Bankto-bank command timing for ACTIVATEogands use tRRD_S (shattRRD _L (long)

Another timing restriction for consecutive ACTIVATE commands [issued at tRRD (MIN)] is tFAW
(fourth activate window). Because there is a maximum of four banks in a bank group, the tFAW
parameter applies acraesdifferent bank groups (four ACTIVATE commands issued at tRRD_L
(MIN) to the same bank group would be limited by tRC).

Notes:
1. tRRD_S; ACTIVAIBEACTIVATE command period (short); applies to consecutive ACTIVATE
commands to different bank groups (TO and).
2. tRRD_L; ACTIVAKEACTIVATE command period (long); applies to consecutive ACTIVATE
commands in the same bank groups (T4 and T10).

1tRRD_S RRD_L. Sdable33¢ Command and Address Timifog tRRD timing.
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Figure33-tFAW Timing

Notes:
1. tFAW:; four activate windows.

12.15 PRECHARGE Command

ThePRECHARGE command is used to deactivate the open row in a particular bank or the open
row in all banks. The bank(s) will be available for a subsequent row activation for a specified
time (tRP) after the PRECHARGE command is issued. An exception tih¢hisse of

concurrent auto precharge, where a READ or WRITE command to a different bank is allowed as
long as it does not interrupt the data transfer in the current bank and does not violate any

other timing parameters.

After a bank is precharged, it isthe idle state and must be activated prior to any READ or
WRITE commands being issued to that bank. A PRECHARGE command is allowed if there is no
open row in that bank (idle state) or if the previously open row is already in the process of
precharging. Hwever, the precharge period will be determined by the last PRECHARGE
command issued to the bank.

The auto precharge feature is engaged when a READ or WRITE command is issued with A10
HIGH. The auto precharge feature delays the PRECHARGE operatidme UREND or WRITE

has completed.

12.16 REFRESH Command (staitl operation)

REFRESH is required for proper DRAM operakioestore operationis used to finalize the
stored write data inn page buffein all banks.For a x8 device there are 16 banks and 16
page buffers and for a x16 device there are 8 banks and 8 page buif¢hen theREFRESH
commandis issued and MR3[8]=1, the Refresh command executes acjteration ofall
banks by movinghe contents of each page buffer in each bank into the perststeemory
array to guarantee persistence. If the REFRESH command is issubtR&8l = 0 refresh
does not perform a storef all banksoperationand is ignoredtRFCmin must meet tST
timing. The store operation camse bank staggerin@eeTable65 ¢ BankSaggeringTime)

to amortize power usage over time.
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