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FEATURE$Gb NonVolatile STDDR4 Spitransfer 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
hixtT Ut GO =71 IixtTUT OTT IXb
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 Error Rate (BER¥1x 10
Data Retention=3 months at 76C
Cycle Endurance = 1 x40
Standard=BGA packageptions (Pbfree):
78-ball (10mm x 13mm) packag@e8)
96-ball (10mm x 13mm) package (x16)
Timingl=tycle time
1.5ns @ CL = 10 (PDR4 1333)
1.5ns @ CWL = 9 (PDR4 1333)
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SO TES EMD4E001GAS

1./ hbT"9balLhb{w® 59CLbL=LhIhDb{ ' b5 / h
1.1 Signal Naming Convention

x a DT F£T1T7T I] wxt <& UIDo w%xp < lKdnmpleméftofa 1 IX T 71 iXT
oGepbpTTTIOIFGUY JGEIUY ixXUGT % aDprlT FTT I T
For example, differential data strobe pair DQS, DQS# is now referred to as
DQS _t, DQS_c.

x aDt FTT I wxOe (] OJT1to0 1T IX Tr1igflacsthdlt UL GG
IXTT G IXOT = Ol10 %lLe alUTUATTTT & CIXT 71 5L

x Addressing is denoted as BG[n] for bank group, BA[n] for bank address, and A[n]
for row/col address.

1.2 Device Pin Signal Level

HIGH: A device pin is driving theilog state.

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

HighZ: A device pin is tgtate.

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

X X X X

1.3 Bus Signal Level

x HIGH: Onelevice on the bus is HIGH, and all other devices on the bus are either
ODT or HigiZ. The voltage level on the bus is nominabya/

x 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 bigsnominally ¥(DC) if ODT was
enabled, or ¥sdf HighZ.

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

x ODT: At least one device on the bus is ODT, and all others ar& Higie
voltage leel on the bus is nominallyo¥a
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2.GCG b/ aLhb![ 59{/wLt=alLhb

TheSTDDR4evice hereafter referred to asthe deviceis a highspeed nonvolatile 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 artddture 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 singlef@hwide, four clock data transfer at the intern@lF
DDR4ore and two corresporidg onehalf clock cycle data transfers at the I/0 pins.

Read and write accesses to ttleviceare 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.
Operation 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 gra8psod

BGO selects the bank group for x16; BA[1:0] select the bank, and A[15:0] select the row. See

W able7 - Addressing Schem#or 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 arfajore) See REFRESH and SELF
REFREStdmmandoperation.

3.4 5wWd 9/ L CLYbIalLbh/b9 &0%D'=l{! =|L h b {
-b{-tt hhweDI5h b {

Thissectiondefines the SDDR4AVIRAM featuresvhich arelisted asunsupported ordeviations

or enhancements t EDEQJESI¥9-4A DDR&oecification as it pertaindo 9 7|7 T [STODHAR
persistent memory. SIDDR4 is DDHke, which means it is identical to the AT
characteristicandball/signal assignments tdDR4 memory but varies according to features

defined in the Tables 13 below. The purpose of thisectionis tohighlightthe variationsof 1Gb

x8, and1Gbx16STDDRAMRAMixT T 7 G J f 1 It It IIXT = S84 a1 ] b T IXI
Soecification

©2022 Everspin Technologies 11 EMD4EO001GAS2 Revisiod 10/2022
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Table1 - JED79-4A SoecificationEnhancements

FeatureDescription ~ JEDEC Specification Everspin Specification

tSTl-ktore 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
Seew able18 [F[ETDDR41333 Speed Bin Operating
Conditiongfor more information.

NOMEMmode MRO[13]is reserved = SetMRO[13]=1 to invok®lOMEMbefore calibration.
andmust be Reset MRO[13]=0 after calibration is compldf{¢OMEM
programmedto 0  mode must be used during calibratiom prevent writing
during MRS overdata stored in the persistent memory arraWhen

NOMEM mode is activ@RO0[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 execudestore all banks
operation.
MR3[8] = Odisabled, refresh does not perfora store
operation.
tRFGin must meet tST timingThestore operationcan
use bank staggeringo amortize power usage over time.
See theREFRESH commdiod more information.

SELREFRESH SELIREFRESH  While in SelRefreshmode,a store operationwill
automatically beexecuted until all data has been moved
from all pages in all banksto the persistent memory
array. If there are no pagés be stored the SekRefresh
Command has no effecttRF&@in must meet tST timing.
Thestore operationcanuse bank staggerifgo amortize
peakpower usage over timeSee theELFREFRESH
Operationon pagel 16for more information.

1{ 1 Tablgb5 FBank3aggeringlimeser= a wi, AdZE7 3 3N d rUITAl LOixoUtr T, bIXT S
banks/update for x8 is the only bank staggering mode supported. Operationgmtedsy storing 4 (or 8) banks at a

26 It OIOFPG% U®BYBL xUeET rObbTT olUfU DUJ TabletSESTODRHYMIB G IF IX %1 Do
Speed Bin Operating Conditioes b IXT £ { = 16 I( I%
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Table2 - JED79-4A Soecification Deviations

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 tRChin = 12.5ns tRC[hin =135ns
tRCD, tRC, tRAS, tFAW  tRGxin = 44.50ns tRGnin=190ns
tRP tRASin =32ns tRAGin = 143ns
tFAWhin=15ns tFAWhin= 240ns
tRPmin =125ns tRPmin = 7.5ns
CL- CAS Latency MRO[6:4,2] MRO[12,6:4,2] = 0000TL=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-8eset Pulse  tPW_RESET = 1us tPW_RESET S = 20QuS
Width short

' 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.
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Table3 - JEED¥9-4A Unsupported Feature Options

FeatureDescription JEDEC Specification Everspin Specification
Addressing 2Gb, 4Gb, 8Gb, 16Gb 1Gbonly
RA = AA17 RA = ABA15
CA = ABA9 CA = ABA6
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 BC4CA[1:0] = 00;

Temperature Controlled Refresh MR4[3] MR43] = 0;Disableonly

Fine Granularity Refresh Mode MR3[8:6] MR3[8:6] = 00;to set tSTsee sec. 12.17

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

SelfRefresh Abort MR4[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] MRS5[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 MR3J[3] MR3J[3] = 0; 1/2 rate support only

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

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

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

mode

' Some DRAMendors have deviated from the JEDEC JE8R®pecification and defined their own parameters.
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FeatureDescription JEDEC Specification Everspin Specification

ODTImpedance Mode MR1[10:8]:“RTT_NOM A MR1[10:8] = 000; RTT_NOM disable only
MR5[8:6]“-RTT_PARK
MR2[10:9]-RTT_WR  MR5[8:6] = 00@1111; RTT_PARK supported for
disable (000) or impedance range from RZ&¥4
RzQ/7

MR2[11:9] = 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 ZQCalibrationShort ZQCS command is use¢ The ZQCS commandhist supported ands
to perform periodic ignored The standard SIDDR4 initialization
calibrations to account = sequence is similar to the DDR4 initialization
for voltage and sequence and should inclu@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 MR4[1] MR4[1] = 0; Disable only

tCPDED CommandPassDisable Delay tCPDELR 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 = ni6K

write transaction to internal
read command fosamebank group

tWTR_S Delay from start of internal ~ max(2CK,2.5ns) tWTR_L=tWTR_S = ni6K

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 ralygays 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

' Some memory vendors have deviated from the JEDEC JBB[Bfecification 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 tBSCANNable
Canectivity 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 Seew able64 - Connectivity Mode Pin

Description and Switching Leveids

' Some DRAM vendors have deviateahi the JEDEC JESB28pecification and defined their own min term
equations. Note: Everspin uses A13 instead of A15 in the MT2 min term equation.
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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.

Vgerpa Vrerpa
Ry etc Ryr etc
From RESET MRS N "
Persistent
IDLE CKE L
PDA

Power
applied

Precharge

Precharge

Power Down) \ Mode Power Down

Initialization

............. REFRESH [ Pending Calibration
IDLE

. CKE_L &
gy m
o5
Power @
Off
Automatic CKEL
LRI LLLLLIL = Sequence Activating
Active
Command Power
Sequence

Down

Bank
Active

Persistent

States

Reading

PRE, PREA

Reading

Figurel - Simplified State Diagram for SDDR4
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Table4 [“Btate Diagram Command Definitions

ACT Activate

ACT* Activate with a stor@peration Whenan ACT command issuedfrom
the Pending IDLE statndif a Bank was previously opened, the contel
of the page buffer from the previousyclewill automaticallybe moved
into the persistent memory array (stomperation) 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, RDASS8

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 arstpre).
Hne granularity refresimode is not supported. Séablel - JEB79-4A
SoecificationEnhancementdor more details. If MR3[8]=0, the REFRES
command will be ignored and no store all operation will occur.

RESET Start reset procedure

SRE SeltRefresh entry While in SelRefresh 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. tRRGust meet tST timing.

SRX SelfRefresh exit The SRX command waddluse aransitionfrom the Sek
Refresh statéo the Persistent IDLE state.

TEN Boundary scan mode enable

WRITE WR, WRS4, WRS8

WRITE A WRA, WRAS4, WRASS8

ZQCL ZQ calibration long

ZQCS ZQ calibration shoiis not supported

©2022 Everspin Technologies 18 EMD4E001GAS2 Revisios 10/2022
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STDDR4 MRAM is a higipeed, dynamicandomaccesgersistent memory. It is internally
configured as 16-bank (4banks per Bank Group) MRAM for the x8 device abdr& (2banks
per Bank Group) for the x16 device.

H
i [ Bank3 [ Bank 3
Bank 2
Bank 1
Bank 0 Bank 0
BG2 Bank Group 3
Bank 3 atch
Er
oot To ODT/output drivers 0 { oot
n Control
a2 I J AG1 Bank Groun LT
Bank3 |, i
RESET n Control [ Vel Bank 2 . T voDo/f2 i |
CKE Logic e Bank 1 K, K n artona |
CK_t, CK_¢ —mc— = OTF Bank 0 (PARK) | |
PAR BG1 swi
TEN —ad | Bank3 pw- CAl2:0] DLL | ] i
res| = > /
s.n Command decode | Ba::qk 2 q [ o
ACTn 1 RAS_, CAS.n, WEN <—_ Bank 0 Bank 0 f— ba(7:0]
<| Mode Registers. ‘_ 16 REcG\n? Bank Group 0 READ 8 READ DQS 1,DQS ¢
)é - drivers
Zy Row address Memory Array Flzaa;nd
| | Address latch (65,536 x 16 x 64) MUX —
16 MUX and
decoder N
Sense Amplifiers ace (PARK)
H swi
A
4, 1024 s
BG DQs.t,
BC4 s
and -
Al15:0] BA : OTF WRITE DOS ¢
N 10 gating = driver"
BA[1:0 q control river's
BG[[I-O]] 7 » logic DM Mask Logic umn - 64 Data 8 and
I Address Decoder | | Interface input
gt pata | MY voDO/2
egister logic
RTT(PARK)
SW1
Column Column T A
Address" 2 Decoder | | a2 e
counter, -
7 KK (select upper or lower
latch 3 e oM 0 i nibble for BC4) DM_n

Figure2 - Functional Block Diagram forGb x8STDDR4

____________________________________________________________________________________________________________________________________________|
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oDT. To ODT/output drivers
- Control
a0 zacAL .
RESET_n Control > vrefba vDDQ/2 )
CKE —p Logic — BC4 CK, CK_n l
€Kt CK_c —— OrF Bank 0 CAL2:0] RTTIPARK) ¢
PAR Bank Group 1 SW1 B
TEN —m— S, Bank 3 Bank 3 h &
H /
cs_n —t— Command decode 5 Biqkz Bank 1 e
ACT n —st—| RAS_n, CAS_n, WE_n 2n 20 READ par70]
n T - - - Bank 0 Bank 0 FIFO and DQ[15:00] :
Mode Registers " Rl?;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]
86 DS L,
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-BIDR4
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Table5 - SFDDR4Soecific Features

Parameter Description

Limit

It is expected that bit errors will be soft and distributed
Bit Error Rate (BER) Limit 1 throughout the address space so that the system ECC 1K R
end of life correct the errors. BER is after the maximoamber of
page cycles, or at the end of endurance life.
A cycle is defined as a page accasd the limit of cycles
is for a single pageAfter this number of cycles a single i
page the bit error rate may start to increase almthe
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 SMCTIE GRS
faster rate is required. Please contact Everspin for
related application notes.

Cycle Endurance

Data Retention

5.1 Available Speed Bins
Table6 Available Speed Bins

Speed Bin Orderable Part Numbe tRCD tRP
(MT/s) Family (ns) ns ns

1333 EMD4EO001Gxx-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

" Page 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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6.t! /Y! DLbD LbDof /{wLLDtba!L[h b {

The devicgoackage ball assignments conform to JESE&Y$tandard DDR4 SDRAM footprints
and pin assignment®r 78-ball and 96éball packages

Table8 - 78-ball FBGAXS (top view)

Row 1 2 3 4 5 6 7 8 9 Row
A DM n/ A
VDD VSSQ TDQS ¢ TDQS VSSQ VSS

B VPP VDDQ DQS c DQ1 VDDQ ZQ B
C VDDQ DQO DQS t VDD VSS VDDQ C
D VSSQ DQ4 DQ2 DQS DQ5 VSSQ D
E VSS DDQ DQ6 DQ7 VDDQ VSS E
F VDD NC OoDT CK t CK ¢ VDD F
G VSS NC CKE CS n NC TEN G
H VDD WE_n/A14] ACT_n CAS n/A1§ RAS n VSS H

J VREFCA BGO A10/ AP A12/ BC n BG1 VDD J
K VSS BAO A4 A3 BA1 VSS K
L RESET n A6 A0 A1 A5 ALERT n L
M VDD A8 A2 A9 A7 VPP M
N VSS A1 PAR NC A13 VDD N

1 2 3 4 5 6 7 8 9
©2022 Everspin Technologies 22 EMD4E001GAS2 Revisio8 10/2022
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Table9 - 96-ball FBGAx16 (top view)

Row 1 2 3 4 5 6 7 8 9 Row
A VDDQ VSSQ DQ8 DQSU_c | VSSQ DDQ A
B VPP VSS VDD DQSU_t DQ9 VDD B
C VDDQ DQ12 DQ10 DQ11 DQ13 VSSQ C
D VDD VSSQ DQ14 DQ15 VSSQ VDDQ D
E VSS UDM_n VSSQ LDM_n VSSQ VSS E
F VSSQ DDQ DQSL _c DQ1 DDQ ZQ F
G DDQ DQO DQSL _t VDD VSS DDQ G
H VSSQ DQ4 DQ2 DQ3 DQ5 VSSQ H
J VDD VDDQ DQ6 DQ7 VDDQ VDD J
K VSS CKE OoDT CK_t CK ¢ VSS K
L VDD | WE_n/A14] ACT n CS_n RAS n| VDD L
M VREFCA CAS n/ M

BGO A10/AP A12/BC n A15 VSS
N VSS BAO A4 A3 BA1 TEN N
P RESET n A6 AO Al A5 ALERT n P
R VDD A8 A2 A9 A7 VPP R
T VSS Al PAR NC A13 VDD T
1 2 3 4 5 6 7 8 9
Table10- SignalFunctions andDescriptions
Symbol Type Name Description
A[15:0] Input Address Inputs  Address inputs:Provide the row address for ACTIVATE

commands and the column address for READ/WRITE
commands to select one location out of the memory array
the respetive bank. (A10/AP, A12/BC_n, WE_n/A14,
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 Aujprecharge 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 commze
to determine whether the PRECHARGE applies to one bar
(A10 LOW) or all banks (A10 HIGH). If only one bank is to

A10/ AP Input Auto Precharge

©2022 Everspin Technologies 23
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Symbol Type Name Description
precharged, the bank is selected by the bank group and be
addresses.
A12/ Input Burst chop Burst chop: A12/BC_n is sampled during REskid WRITE
BC n commands to determine if burst chop (aéhe-fly) will be

performed. (HIGH = no burst chop; LOW = burst chopped)
{ T Tablé0- Command Truth Tabt

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/A15, and E_n/A14 are treated as anldressnputs
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,
UL ITo °9x1I 7Talell4 Gonsrand Truth Table

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

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

command is being applied. Also determines which mode
register is to be accessed during a MODE REGISTER SE'
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 urse
the x16 configuration.

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

CK ¢ 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 Hoawen and
SelfRefresh operations (all banks idle), or Active Peldewn
(row active in any bdf. CKE is asynchronous for $afresh
exit. After \kerchas become stable during the powen and
initialization sequence, it must be maintained during all
operations (including SEHHEFRESH). CKE must be
maintained HIGH throughout read and write acses 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

CS_n Input

DM _n, Input

UDM _n,

LDM_n

oDT Input

PAR Input

RAS n Input
/A16,

CAS n

/A15,

WE_n

/A14

RESET 1 Input

TEN Input

NETlE

Chip select

Input datamask

Ondie
termination

Parity for
command
and address
Command
inputs

Active LOW
asynchronous
reset

Ground

©2022 Everspin Technologies
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Description

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

Input data maskDM_n is an input mask signal for write dat
Input data is maskedhen DM_n is sampled LOW coincider
with that input data during a write acces®M_n is sampled
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 wifbQ[7:0]. The DM_n, DBI, and TDC
functions are enabled by mode register settingee the
Data Mask section

On-die termination: ODT (registered HIGH) enables
termination resistance internab the STDDR4evice When
enabled, ODT (RTT) is applied only to eachliiy 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 L8§hat. The
ODT pin will be ignored if MR1 is programmed to disable F
Parity for command anchddress: This signal is attached to
an input buffer but controls no logic internally.

Command inputsRAS_n/A16, CAS_n/A15, and WE_n/A14
(along with CS_n and ACT_n) define the command and/or
address being entered. See the ACT_n description in this
table.

Active LOW asynchronous reseBeset is active when
RESET nis LOW, and inactive when RESET n is HIGH.
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).
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

25 EMD4E001GAS2 Revisio8 10/2022
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Symbol Type Name Description
Mode operation along with other pins. TEN is a CMOScaail
rail signal with DC HiBand LOW at 80% and 20% ob V
(960mV for DC HIGH and 240mV for DC LOW).

DQ 1/O 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. DQ0 may be used to monitor the internadrV
level during test via mode register setting MR4 A [4] = HIG
training times change when enabled. fihg 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/O Data strobes Data strobe:Output with READ data, inputith WRITE data.

DQS ¢ Edgealigned withREAD data, centerealigned with WRITE

DQSU t, data. For the x16, DQSL corresponds todata on DQ[7:0];

DQSU_¢ DQSU cor.responds to the data on DQ[15:8]. For the x8

DQSL t, configuration,

DQSL_C DQS corresponds to the data on DQ[7:0]. SA®DR4evice

- 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 aan 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 same-Rtermination 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 disiv 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: 2.5%.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 bdAN® 1T 71 7 GhtHXtied toWsS8Q =

Table11 - Package Thermal Characteristics

Maximum Operating Caskemperature

qA Thermal Resistance Junction to Ambient, 0 mps airflow 38 °C/watt
Thermal Resistance Junction to Ambient, 3 mps airflow 23 °C/watt
~C Thermal Resistance Junction to Case 4 °C/watt

7.90 9/ awlL /T [ {t9/LCL/!=aLhb{
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 ofspecification is

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

Table12- Absolute Maximum Ratings

i N L N N

VDD Voltage on VDD pirelative to VSS -0.4

VDDQ Voltage on VDDQ pin relative to VSS -0.4 1 5

VPP23 Voltage on VPP pin relative to VSS -0.4 3.0 V
VIN, VOUT Voltage on any pin relative to VSS -0.4 1.5 Vv
Tsté Storage temperature 55 150 °C

' VDD and YDDQ must be within 300mV of each other at all times, and VREF must not be gre@tér +hé¢bDQ.
When' 55 LU Io '"55v UTT URhhI'w '"wo9C gUI r1v HObhhI’ bh¥
2 Storage temperature is the case surface temperature on the center/top side of HxDR4 deviceFor

measurement conditions, please refer to the JESPStandard.

3 VPP 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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Hmnax Maximum magnetic field during read, - 2,000 A/m
write, standby ompower off.

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

Table13- Operating Temperature Range

Topeh Normal operating temperature range

7.3 AC/DC OPERATING CONDITIONS

DC Characteristics are defined undendard measurement conditions specified in JEDEC
Standard JESDZA.

Table14 [“‘Recommended Supply Operating Conditions

All voltages referenced to VSS

e A T N 2

VD#345 Supply Voltage 1.14 1.26
VDDQ@*® I/O supply voltage 1.14 1 .2 1.26 V
VPP Wordline Supply Voltage 2.375 2.5 2.750 \"

Table15 [“Slew Rate

VDD_st’ Slew Rate 0.004 = 600 V/ms

' The normal temperature range specifies the temperatures at wtiielSTDDR4 specificatns will be supported
During operation, the device case temperature must be maintained between 0°C to 85°C under all operating
conditions

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

3vDDQ tracks with VDD. AC parameters are measutediiiD and VDDQ tied together.

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

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

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

”The DC bandwidth is limited to 20 MHz.
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VDD_ON Ramp - - 200 ms
Table16 [“L.eakage
N N W AN

Input leakage (excluding ZQ and TE 1IN -2 2

ZQ leakage 1ZQ -3 3 pA
TEN leakadé ITEN -6 6 LA
VREFCA leakdge IVREFCA -2 2 HA
Output leakage: ¥ut= \bo@ 10Zpd - 5 HA
Output leakage: ¥ut= \bsd® 10Zpu -50 - HA

7.4 VREFC&Supply

VRercis 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 A@Goiselimits for the reference voltagesr¥rcare illustrated in
the figure below. The figure shows a valid reference voltagedés a function of time REr
stands for Merch \ker(pds the linear average ofr¥rppver a very long period of time (1
second). This average has to meet the MIN/MAX requirements. Furthermasegyvay
temporarily deviate from Nerpdpy no more than +* bpfor the AGnoise limit.

VRep AC-noise VREF(t)

—_—— e — — — o — e — e — o — = — — ’/_ ______

o

VRer(D) MAX

Vpp /2

MIN

VREF(DC)

Vss

Py

Figure4 - VREFCA Voltage Range

T 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

4*VREFCA = VDD/2, VDD at valid level

5DQs are diabled

6ODT is disabled with the ODT input HIGH
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The voltage levels foetup and hold time measurements are dependent gge¥ VREFRS
understood as REF(DCps defined in the above figure. This clarifies thaivBfations 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@Jeviations 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¥AGnoise. Timing and voltage effects due

to AGnoise on Yerup to the specified it (1% of YD) are included ithe devicetimings
and their associated deratings.

7.5 VREFD@®uUpply and Calibration Ranges

The device internally generates its owrpEDQSFDDR4nternal \REFD@pecification
parameters: voltage range, step siz&BFstep time, \RERull step time, and REFRvalid level

are used to help provide estimated values for the interr@ENMD@nd are not pass/fail limits.
The voltage operating range specifies the minimum required rang8 F&fDR4 devices. The

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

performed by theSTDDR4ontroller to adjust YEFD@nNd optimize the timing and voltage
margin of theo T 1| Gdata iiput receivers.

7.6 VREFDM®anges
MR6[6] selects range 1 (60% to 92.5PAMBDQ or range 2 (45% to 77.5%\dDDQ, and
MR6[5:0] sets the NEFDQevel, as listed ifable17 - VrRerodSupply and Calibration Rangdhe
values in MR6[6:0)ill update the \DDQrange and level independent of MR6[7] setting.
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Table17 - VrerpadSupply and Calibration Ranges

N

Range 1 Merpe VREFDQ R1 60% 92% vDDQ
operating

points'-2

Range 2 Mcrea - VREFDQ R2 45% ] 77% vDDQ
operating

points'-?

VRrerstep sizé VREF, step 0.5% 0.65% 0.8% vDDQ
VRrerset VREF, set_tol [-1.625% 0% 1.625% VDDQ@?%®
tolerance 0.15% 0% 0.15% VvDD#
VRerstep VREF, time ] ] 150 ns
time210

Vrewvalid VREF val tol 0.15% 0% 0.15% vDDQ
tolerance'

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

2STDDR4ange 1 or range 2 is set by the MRS6[A6].

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

*For n > 4, theninimum value of VREF setting tolerance = VREF,ne825% x VDDQ. The maximum value of

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

5 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.

SCIXT I O b 1Dt IGIOHEIGCI 7U%BOT-0.D686 x VRACThE magiriuén lstue 6f VOEF T L Ia T
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 tn x VREF,step; n = number of steps. findit = O] 1 w%vedavdb oT1a47T1T IT IO
9 Time from MRS command to increment or decrement more than one step size up to the full range of VREF

01f 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

1 Only applicable foB FDDR4componentlevel 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 BIGPERATING CONDITEON

Table18 “’STFDDR41333 Speed Bin Operating Conditions
STDDR41333 Speed Bin

Parameter Org W

Internal REABommand to first data tAA x8/x16 15 18 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 380" - 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

CL=10 CWL=9 tCK(AVG) x8/x1 6

Supported CL settings 10 CK
Supported CWL settings 9 CK

! See Fable65 “BankSaggeringTimese
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8.l (ILb5s Lt 9/ LCL/ ! aLhb

t! w! a9=9 w({

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

noted.

Table19- lpp, lrrpand bpoCurrent Limits(mA)

STDDR41333(x8) | SFDDR41333(x16)
282 345 437 500

Symbol

Iobs One bank ACTIVAT&=PRECHARGE current
lrpg One bank ACTIVAT&EPRECHARGHERdurrent!

Ioot: One bank ACTIVAT&=REAE0o-PRECHARGE curren

Iopon Precharge standbgurrent®

Iopant Precharge standby ODT current

Iooent: Precharge Standby ODT IDDQ Current
Iop2r Precharge powedown current

Iop2g Precharge quiet standby current

IppaN Active standby current

Ippse Active powerdown current

Iopar Burst read current

Iobaar Burst readdbacurrent

Iopaw:Burst write current

Iopen SelfRefresh CurrenfNormal Temperature Range

Iprsn SelfRefresh IPP Current: Normal Temperature Rar

Iop7z Bank interleave read current
Irp7 Bank interleave read IPP current

25 35
299 370
90 120
95 120
20 35
15 30
90 120
95 120
15 30
170 240
10 30
220 290
15 30
10 15
518 610
35 50

8.1 Current SpecificationgPatterns and Test Conditions

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

1,00

50

Before writing software to make IDDx current measuremeuniglerstanding how persistent
memory operates will be vital to insure the most accurate results. Refeigtare1 - Simplified

State Diagram for SDDR4 The state diagram introduces a store function that occurs
automaticallyinSb 5 wd 201 I 1 D7

VAR

TIPPO test and limit is applicable for IDD0O and IDD1 conditions.
2When DLL is disabled for IDD2N, current changes by approximai8ie.
3When CAL is enabled for IDD2N, current changes by approxirmaeD%.
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A L %5 Activate wiith a store opetionge IXT | /Tabled)-Btaté Diagram Command

Definitiong. When an ACT command is issued from the Pending IDLE state and if a Bank was
previously opened, the conigs 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 asnormat. b T T 1 IX #C G & ¢
- Simplified State Diagram for8T5 w db# b IXT ULoo ¢ 1 ¢ IXILY% g IXI%T 1T 5%

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

If an ACT command is issued to another bank, the contents of the current backmiiue to
171 GoT1 G HoldilBpdde buffdlafidfné §tore operation withccur. Looping over the
same address or alternating to an address in another bankatitause an automatic store

operation to occur andesult in a flawed power measurement.

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

Once the twerow write procedureis setupbefore each of thdDDO/IPPO, IDD1/IPPI & IDD7
tests, each test can be run continuously, alternating between each addrese same banko
measure an accurate time averaged curremhe tworow write procedure is embedded into
each of the IDDO, IDD1n@ IDD7 test measurement tables below.

' 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- IDD0and IPP0 Measuremertoop Patterr

Z %32 < S

o ~—

g =alzlzlE] |28 2%l
| - SN N2

S A 5122w i s ZIE2e 08

%) Ol <| |02 0 @ald < < < </ < <

1 0 ACT 0 0 O O O O O O O O o o o o

A 1,2 bbbt 0 0 O O O O O O O O O o0 0O

D #

34 D# 1 1 1 1 1 0 3 3 0 0 0 7 F 0
repeat pattern 1...4 until nRCDI, truncate ifnecessary

nRCD WR 0 1 1 0 0 1 0 O O O O O 0 O

nRAS PRE O 1 0 1 0 O O O O O O O O O
repeat pattern 1...4 untihRG1, truncate if necessary

2 nRC ACT O O O O O O O O O O 7 F 0 O

A nR&+1,2 bbb 1 0 0 0 O O O O O O O O O O
D_#,
nRC+3,4 b# 1 1+ 1 1 1 0 3 0 O O 7 F 0 O
o S repeat patternnRG-1...4 untinRC+ nRCD 1, truncate if necessary
= = nRC+
S| = nRCO WR 0 1 1+ 0 0 {1 O O O O O O O o
= & repeat pattern 1...4 untihRG-nRCD +nRAS, truncate if necessary
nRGhnRAS PRE O 1 0 1 0 O O O O O O O 0 O
repeat pattern 1...4 until 25RC- 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, us¥G[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, Bé¢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)
)
)

—~ o~~~

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)

'DQS_t, DQS_c are VDDQ
2.D3 (] oXOIgt aUTT bBIXI 53% ot fGar
3DQ signals are VDDQ.
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RAS_n/ A16
CAS_n/ A15

(&]
v
=
N
@)

WE_n/ A14
A[17,13,11]

A12/BC_n

15*nRC  Repeat subloop 2A, use BG[1:0]=1, use BA[1:0]=0 instead (bank 4)
16*nRC  Repeat subloop 1A, u&G[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 ingbeatt 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, uskG[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 38nRC ACT O 0 0O 0 0 0O 0 O 0 O O O o0 O .
32nRCG+ bbbt 0 0 0 O O O O O O O O O O -
1,2
32nRC+ D # 1 1 1 1 1 0 3¥ 3 0 0 0 7 F O =
3,4 D_#

% repeat pattern 1...4 until 32RC+ nRAS 1, truncate if necessary
32nRC+ PRE O 1 O 1+ O O O O O O o o o o -

nRAS
repeat pattern 1...4ntil NRAS 1, truncate if necessary
1 32*nRC+ repeat SublLoop 0, use BG[1D} 1, BA[1:0] = 1 instead
1*nRC
2 32*nRC+ repeat SubLoop 0, use BG[10% 0, BA[1:0] = 2 instead
2*'nRC
3 32*nRC+ repeat Sub.oop 0, use BG[13} 1, BA[1:0] = 3 instead
3*nRC
4 32*nRC+ repeat Sub.oop 0, use BG[13} 0, BA[1:0] = 1 instead
4*nRC
5 32*nRC+ repeat Sub.oop 0, use BG[13} 1, BA[1:0] = 2 instead
5*nRC
6 32*nRC+ repeat Sub_oop 0, use BG[13} 0, BA[1:0] = 3 instead
6*nRC
7 32'nRC+ repeat SubLoop 0, use BG[10} 1, BA[1:0] = 0 instead
7*nRC
©2022 Everspin Technologies 36 EMD4EO001GAS2 Revisiod 10/2022

All Rights Reserved



—
m
0
I
m
wn

wm
|
:D
"1
!

EMD4E001GAS

O S 5 clelz|Z |z
4+ | o Q [l | | | c S —
[ W & o E [ =] ]| 0 = ~ | ©
¥ X |35 > 5 nliol<| < | Y o .| =
O Oo|la| Oz Ol<|c|C|=|0 < <
8 32*nRC+ repeat Sub_oop 0, use BG[13} 2, BA[1:0] = 0 inste&d
8*nRC
9 32*nRC+ repeat Sub_oop 0, use BG[13} 3, BA[1:0] = 1 inste&d
9*nRC
10 32*nRC+  repeat SubLoop 0, use BG[13} 2, BA[1:0] = 2 inste4d
10*nRC
11 32*nRC+ repeat SubLoop 0, use BG[10} 3, BA[1:0] = 3 inste4d
11*nRC
12 32*nRC+  repeat SubLoop 0, use BG[13} 2, BA[1:0] = 1 inste4d
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[13} 2, BA[1:0] = 3 inste4d
14*nRC
15 32*nRC+ repeat SubLoop 0, use BG[10} 3, BA[1:0] = 0 inste4d
15*nRC

' For x8 devices only
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Table21 [<IDD1 and IPR MeasurementLoop Patterri?

o 2L < —
N 2 < < g S = 4
Q @ = c € € = S T O 2 <«
=W 2 = w o S = =8 T 5K TE g
- € 5 O 2L Wwoo g8z s8N
O O z &) < £ O 2 0@d d< < << << <<
1A 0 ACT - 0 0 0O 0 O 0 0 0 O O O o0 o
1,2 bbb - o0 0 O O O O O O O O O o0 O
3,4 b# - 1 1 1 1 0 3 3 0 0 0 7 F O
D _#
<% repeat pattern 1...4 until nRCDI, truncate if necessary
nRCD WR - 1 1 0 0 1t 0 O O O O O 0 O
nRAS PRE - 1 0 1 0 O O O O O O O 0 O
% repeat pattern 1...4 untihRG1, truncate if necessary
2A nRC ACT - 0 0 0O 0 O 0 0 0 0 7 F 0 O
nRC+1,2 bbb - 0 0 0 0 O O O O O O O O O
nRC+3,4 D # - 1 1 1 1 0 3 0 O O 7 F 0 O
5 B D_#
% % repeat patternrnRG-1...4 untinRC+ nRCD 1, truncate if necessary
S = nRC+ WR - 1+ 1 0 0 1t O O O O O O O O
o nRCD
% repeat pattern 1...4 untihRG-nRCD +nRAS, truncate if necessary
nRGhnRAS PRE - 1 0 1 0 O O O O O O O 0 O
repeat pattern 1...4 until 2iRC- 1, truncate if necessary

2*nRC Repeat subloop 1A, use BG[1:0]=1, use BA[1iBi¢ad (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, udkG[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)

)
)
)
)
)
)

'DQS_t, DQS_c are VDDQ

2 Before running this test make sure the two write procedure has been correctly inipl II4 7 oE¥kor! { T T &%
Reference source not foundeEach test loop is required to alternate between two addresses, A[15:00]=0x0000
and A[15:00]=0x03F8 during ACT to ensageurate current measurements.

5. D3 (7 oXOIgt alUTT bBIXT 53% oT1Gar

4 Burst 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[1ibgitad (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, usdG[1:0]=3, use BA[1:0]=0 instead (bank 12) -
0 38nRC ACT O O O O O O O O O O o o0 o0 o -
32nRG+ bOD 1t O O O O O O o0 O 0o o0 0 o0 'O -

1,2
32'nRC+ Dn, 1 1 1 A1 10 3 3 0 O 0 7 F O =
3,4 D n
% Repeat pattern 1...4 untB2*nRC+ nRCD AL- 1; truncate if necessary
32*nRC+ RD 0 1 i 0 1 0 O 0O 0 O O O 0 O D0=69D1=69
nRCD AL D2=69,D3=69
D4=69,05=69
D6=69, D7=69
Repeat pattern 1...4 unt82*nRC+ nRAS 1; truncate ifnecessary
32nRC+ PRE O 1 O 1t O O O O O O O O O0 o =
nRAS
Repeat pattern 1...4 unt82*nRC+ nRG- 1; truncate if necessary
i 3nRC+ ACT O O O 1+ 1 O 1 1 0 O O 0 0 O =
nRC + 0
32RCG+ DD 1 O O O o0 o0 o 0 O o0 o0 o o0 o -
nRC + 1,2
32*nRC+ bp, 1t 1+ 1 1 1 0 3 3 0 0 O 7 F 0O =
nRC+3,4 Dn
Repeat pattern nRC + 1...4 u82*nRC+ 1 x nRC + nRAS§; truncate if necessary
32nRC+1 RD 0 1 i 0 1 0 1 1 0 0 O 0O 0 0 D096 D1=%
x nRC D2-96, D3-96
+nRCD AL D4=%, D5=%
D6=%, D7=%
Repeat pattern 1...4 unt82*nRC+ nRAS 1; truncate if necessary
32nRC+1 PRE O 1+ o0 1+ O O O O O O O O O0 o -
x NRC +
nRAS
Repeat pattern nRC + 1...4 utinRC- 1; truncate if necessary
2 | 32*nRC+ repeatSublLoop 0, use BG[1:0] = 1, BA[1:0] = 2 instead
2*nRC
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3 | 32*'nRC+ repeat SubLoop1, use BG[1:0] = 0, BA[1:0] = 3 instead
3*nRC

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

5 | 32*nRC+ repeat SubLoop1, 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 SubLoop1, use BG[1:0] = 0, BA[1:0] = 0 instead
7*nRC

8 | 32*nRC+ repeat SubLoop1, use BG[1:0] = 2, BA[1:0] #n8tead
8*nRC

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

10  32*nRC+ repeat SubLoop1, use BG[1:0] = 2, BA[1:0] = 2 instbad
10*nRC

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

12 | 32*nRC+ repeat SubLoop1, use BG[1:0] = 2, BA[1:0] = 1 instbad
12*nRC

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

14 | 32*nRC+ repeat SubLoop1, use BG[1:0] = 2, BA[1:0] = 3 insttad
14*nRC

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

" For x8 devices only
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Table22 [<IDD2N, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2,IDD3N,
and IDD3RVieasurementLoop Pattern

3 c| -
§- c & ¢c <\: g g 8l <) %
2 IR IR RIS
> ) Q< < Q06 < - = =
75 O |9/ o= 0m d <|< <
0 0 D,D 0O 00 O 00O O O O0O O0ODO0ODO0TO0 0
1 D,D i 0 0 0 0 0 0O O O O O OO0 O 0
2 DnDn 1 11 1 1 0 3 3 0 0 0 7 FO 0
s bnDn 1 11 1 1 1 3 3 0 0 0 7 F O 0
1 47 repeat SublLoop 0, use BG[1:0] = 1, BA[1:0] = 1 instead
2 811 repeat SublLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
3 1215 repeat SublLoop 1, use BG[1:0] = 1, BA[1:0]ias3ead
> S 4 1619 repeat SublLoop 0, use BG[1:6]0, BA[1:0] = 1 instead
£ £ 5 2028 repeat SublLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
S L 6 2427 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
2 £ 7 2831  repeat SublLoop 1, us®G[1:0] = 1, BA[1:0] = 0 instead
8 3235 repeat SublLoop 1, use BG[1:0] = 2, BA[1:0] = 0 instead
9 3639 repeat SublLoop 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] ias3ead
15 6063 repeat SublLoop 0, use BG[1:0] = 3, BA[1:0] = 0 instead
'DQS_t, DQS_c are VDDQ.
2. D3 (] oNXOgdvicegUTT bIXT 53%
3DQ signals are VDDQ
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Table23 FIDD2NT and IDDQ2NT Measuremdrdop Patterr

3 c| -
= R NREEEEE:
= S H 0 0 RIS S
=] 7} o< <Y OGC < ~-| = =
%) O 4 O 0O o <| < <
0 0 D,D 1 O 0 0O OO O 0 0O 0O O O0OMO0ODO0 0
1 D,D 1 O 0 00O 0O 0 0O O O O0O0ODO0 0
2 D nDn 1 11 1 1 0 3 3 0 0 0 7 FO 0
3 D nDn 1 11 11 0 3 3 0 0 0 7 F O 0
4-7 repeat SublLoop 0, use BG[1:0] = 1, BA[1:0] = 1 instead

8-11 repeat SublLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
12-15 repeat SublLoop 1, use BG[1:0] = 1, BA[1:0] = 3 instead
16-19 repeat SublLoop 0, usé8G[1:0k 0, BA[1:0] = 1 instead
20-23 repeat SublLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
24-27 repeat SublLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
28-31 repeat SublLoop 1, use BG[1:0] = 1, BA[1:0] = 0 instead
32-35 repeat SublLoop 1, use BG[1:0] = 2, BA[1:0] = 0 instead
36-39 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 1 instead
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]iasgead
48-51 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead
52-55 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 2 instead
56-59 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] = 3 instead
60-63 repeat SubLoop 0, us®G[1:0] = 3, BA[1:0] = 0 inst¢ad

Toggling
Static High

— —t | —t et )k ek
m#wm_kotom\l@(ﬂ#wf\)—*
N
=)
I
w

'DQS_t, DQS_c are VDDQ.

2. D3 G] oIXIgt aguUTT bIXT 53% o1 flGgar
3DQ signals are VDDQ

* For x8 devices only
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Table24 [FIDD4R, IDD4RB and IDDQ4R Measuremastp Patterr

o © o | .
| o) - |- | 3 c =
S| |8 2 3R 2 sald 8k
S w % E S el ol 0| T e :E% RSN ERS Data’
NI A [} » ol<|< | Yoo << -l nloyu
O O & O O || |0 |20l ad < /<< </ <
0 0 RD 0 1 1 0 1 0 0 O O O O O O O D0=69,D1=6¢
D2=69,D3=6¢
D4=69,D5=6¢
D6=69D7=69
1 D 1 0 oOo/0 O O O O O0/0 O -
2,3 DnDn 1 1 1 i 1 0 3 3 0 0 0 7 FO -
1 4 RD 1 1 1 1 1 0 3 3 0 0 0|7 /|F 0 DO0=96,D1=9¢
D2=96,D3=9¢
D4=96,D5=9¢
D6=96,D7=9¢
5 D 1 0 0 0 O 0o 0 0O O O O o o0 o -
6,7 DnDn 1 1 1 i 1 0 3 3 0 0 0 7 FO -

2 811 repeat SublLoop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
3 1215 repeat SubLoop 1,use BG[1:0] = 1, BA[1:0] = 3 instead
4 1619 repeat SubLoop 0, use BG[1:8]0, BA[1:0] = 1 instead

5 2023 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
6
7
8

Toggling
Static High

24-27 repeat SubLoop 0, use BG[1:0] = 0, BA[1:0] = 3 instead

28-31 repeat SubLoop 1, use BG[1:0] = 1, BA[1:0] = 0 instead

32-35 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] = 1 instead
10 4043 repeat SubLoop 1, use BG[1:0] = 2, BA[1:0] iaead
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®G[1:0] = 2, BA[1:0] = 3 instéad
15 6063 repeat SubLoop 0, use BG[1:0] = 3, BA[1:0] = 0 instead

"DQS _t, DQS_c are used according to RD Commands, otherwise VDDQ.
2.D3 (] oIXI&t aUTT bIXT 53% o1 1Gar
3 BurstSequence driven on each DQ signal by Read Command.

* For x8 devices only
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Table25 [-IDD4W, IDD4WB and IDD4W_par Measuremé&nbp

Pattern’
o I =
5 s g 3 IR I I R ] = A
- S € c | S S| S|= Qa%“.g:mo DEVES
| o) S |l 0| W ol I el P T T B B B
X = o w ol | < Yoo < = oo ey
O %) &) O | |0 | 2T/O0|laad < I </ <
0 0 WR o 1+ 1 0 1 0 O 0O O O O 0 0 0 D0=69,D1=6¢
D2=69,D3=6¢
D4=69,D5=6¢
D6=69,D7=6¢
1 D 1 0 0O 0 0 0 0 O O O O -
2,3 DnDn 1t 1 1 1 1 0 3 0O 0 0 7 F O -
1 4 WR 0 1 1 i 0 1 1 0 0 0 7 F 0 D0=96,D1=9¢
D2=96,D3=9¢
D4=96,D5=9¢
D6=96,D7=9¢
5 b 1 0 0 O O o0 0O O O O o o0 00O -
o> 6,7 DnDn 1 1 1 1 1 0 3 3 0 0 0 7 FO -
% E 2 811 repeat SubLoop 0, usé&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
&% 4 1619 repeat SubLoop 0, use BG[1:8]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] iastead
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
"DQS_t, DQS_c are used according to WR Commands, otherwise. VDDQ.
2. D3 (] oIXI&t alUTT bIXT 53%3% oT17Gar
3 Burst Sequence driven on each DQ signaMoiye Command.
* For x8 devices only
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Table26 [FIDD5B Measuremenk.oop Patterr

o 212 | < —
~ o . 2 < | < | Z =l a
o |8 3 £ sl 515z |T28 2% =
= > 2 € E | S Kl old Tl s S NE R
N = > 5 o | v ol | < Y ol < -~ =
O » oz O | O <|xXx|Oo | 2TO0o|lad << < < <
0 0 REF o0 1 1 O0 1 0 O O O O O O 0 O -
1 1 b 1 0 0 O O O O O o O O O 0O -
2 b 1 0 0 O O O O O O O O O 0O -
3 bn 0 1 1 0 1 0 1t 1 0 0 0 7 F O -
D n
4 bn 1+ 1 1 1 1 0 3 3 0 0 0 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[1:0P=BA[1:0] 22 instead
< 12-15 repeat pattern 1...4, use BG[1:0] = 1, BA[1:G]iastead
r_gm % 16-19 repeat pattern 1...4, use BG[1:0D=BA[1:0] = 1 instead
> L 20-23 repeat pattern 1...4, use BG[1:0] = 1, BA[1:@]iastead
2 g 24-27 repeat pattern 1...4, use BG[1:0P=BA[1:0] 3 instead
28-31 repeat pattern 1...4, use BG[1:0] = 1, BA[1:0]iastead
32-35 repeat pattern 1...4, use BG[1:0P=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[1:0P=BA[1:0] =2 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[1:0BzBA[1:0] =2 instead
56-59 repeat pattern 1...4, use BG[1:0P=BA[1:0] 3 instead
60-63 repeat pattern 1...4, use BG[1:0B=BA[1:0] 0 instead

2 64 ..nRFE1 repeat SubLoop 1, Truncate, if necessary

'DQS_t, DQS_c are VDDQ

2.D3 (] oIXI&t aUTT bIXT 53% o1 1Gar
3DQ signals are VDDQ

* For x8 devices only
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Table27 FIDD7 Measurement.oop Patterri-2

o © [T} - o
| © < < | = c | =
X o c < | ~| O
Q = o c|l ¢ | & | = o QO © <
= 3 E | = o |l ol Sl = S@E%K‘mo
i S 5 #o|2 2 wol¥ e gd
O %5 O | O<|x | 0|20 | a0 < <|I|<|I<
1A 0 ACT 0 0 0 0O O O O O O O O o oo
1,2 bbbt o O O O O O O O O O 0 O O
D n,
3,4 Dni1 1t 1 1 1 0 3 3 0 0 0 7 F O
repeat pattern 1...4 until nRCDI, truncate if necessary
D0=69,D1=69
nRCD WR 01 1 0 0 1 0 0 0 0 0 0 0 0 D209
D6=69,D7=69
% repeat pattern 1...4 until NRChRP- 1, truncate if necessary
nRGnRP PRE O 1 0 1 0 O O O O O O O 0 O
repeat pattern 1...4 until nRE, truncate if necessary
= 2A nRC ACT O O 0 0 O O O O o O 7 F 0O
&) 2 nRC + 1, 2 DbD 1 0 0 0 0 0 0O 0O 0 0 0 0 00
3 e D_n, 0
S nRC + 3, 4 Dni1 1t 1 1 1 0 3 0 0 0 7 F O
@ repeat pattern nRC+1...4 until NnRC + nR€Druncate if necessary
O 0O O O O O 0 O D0=9,D1=96
D2=96,D3=96
D4=96,D5=96
nRC + nRCD WR 0 1 1 0O 0 1 D6=96,D7=96
repeat cycles 1...4 until NRC+(rR&P) 1, truncate if necessary
nRC+(nRGRP) PRE 0 1 0 1 o 0 0 0 0 0 O O O O
& repeat pattern 1...4 until 2*'nRG 1, truncate if necessary
3A 2*nRC Repeat subloop 1A, u®G[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)
'DQS_t, DQS_c are VDDQ
2.1 IXTT TOONIOGIOE 2067 17171 IUAT T OTT 2Dt1 f Eorl2T GF 1 ixTIXgT
Reference source notfoungess 9 Lla D £ 111 1 IKiXdbetlden thaadd®@ésps A15D0%0x0068¢G T T
and A[15:00]=0x03F8 during ACT to ensure accurate current measurements.
5.D3 (] oXOIgt aUTT bBIX 53%&% ot flGar
4 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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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, Bé¢1:0]=0 instead (bank 4)
16*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=0 instead (Hank 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 13)
19*nRC Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=1 instead (bdnk 13)
20*nRC Repeat subloop 1A, use BG[1:0]=2, use BA[1:0]=2 instead (bdnk 10)
21*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[1idBiBad (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 (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 (bdnk 14)
27*nRC Repeat subloop 2A, use BG[1:0]=3, use BA[1:0]=2 instead (bdnk 14)
28*nRC Repeatsubloop 1A, use BG[1:0]=2, use BA[1:0]=3 instead (bark 11)
29*nRC Repeat subloop 2A, use BG[1:0]=2, use BA[1:0]=3 instead (bdnk 11)
30*nRC Repeat subloop 1A, use BG[1:0]=3, use BA[1:0]=0 instead (bdnk 12)
31*nRC Repeat subloop 2A, u®kG[1:0]=3, use BA[1:0]=0 instead (bank' 12)

1 32*nRC ACT 0 0 0 0O O O O O O O O o oo =
32nRC+1 ~ D 1 0 O O O O O O O 0O O 0 o0 O -
32*nRC + 2 bnpn 1 1 1 1 1 0 3 3 0 0 0 7 F O =
32*nRC + 3 Repeatast 2 cycles until (32*nRC) + nRRADtruncate if necessary

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

32*nRC + Repeatoop 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 1.0 o0 o0 O O 0 O O O 0 o0 0O -

4*nRRD

32*nRC + bn1 1 1 1 1 0 3 3 0 0 0 7 F O =
4*nRRD+1

Repeathe above 2 cycles until (32*nRC) + nR@&D

4 32*nRC + RDA 0 1 1 0 i1 0 0 0 O O 1 0 O O D0=69,D1=6¢
nRCD D2=69,D3=6¢

D4=69,D5=6¢

' For x8 devices only
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({e] (o) —
2 <| < E S =l a
£ S| S| E 212 < Datéf
: 22 | £ 2
o | o = < <| <
D6=69,D7=6¢
32*'nRC + b 1+ o0 0 0/0/ 0O O O O O O O 0O -
nRCD+1
32*nRC + Dn1 1 1 1 1 0 3 3 0 0 0 7 F O -
nRCD+2
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 1+ o0/, 0 0 0O/ 0O O O O O O O OO0 -
nRCD + 4*nRRD
32*nRC + Dn1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
nRCD + 4*nRRD+1
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 insté&ank 1)
32*nRC +
nFAW+nRCD + nRRI Repeatsubloop 4, use BG[1:0]=1, BA[1:0]=2 insté3ank 6)
32*nRC +
nFAW+nRCD +
2*nRRD Repeatsubloop 4, use BG[1:0]=0, BA[1:0]=3 insté3ahnk 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 Suthoop 3 until 32*nRC+2*nFAW
nFAW+nRCD +
4*nRRD

©2022 Everspin Technologies 48 EMD4EO001GAS2 Revisiod 10/2022
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8 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

EMD4E001GAS

RAS_n/ A16

CAS_n/ A15

A[10)/AP

A[17,13,11]

<
<
C
L
=
1:

c

c ©)

c - | @

0 G oS -

O < O r- <
RepeatSubLoop 1, use BG[1:0] = 2, BA[1:0] = 0 instead (Bdnk 8)

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

Repeat Suthoop 3 until 32*nRC+2*nFAW+nRCD

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

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

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

Repeat Suthoop 3 until 32*nRC+3*nFAW

RepeaiSubLoop 1, use BG[1:0] = 2, BA[1:0] = 1 instead (Bdnk 9)
RepeatSublLoop 1, use BG[1:0] = 3, BA[1:0] = 2 instead (Bark 14)
RepeatSublLoop 1, use BG[1:0] = 2, BA[1:0] = 3 instead (Bark 11)
RepeatSublLoop 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 instéBank 9)

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

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

' For x8 devices only
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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 Suthoop1 until 32" nRC+4*nFAW
3*nFAW+nRCD+
4*nRRD
10 32*nRC + RepeatSubloop 3 until NRG 1, if NRC > 4*nFAW. Truncate if necessary
4*nFAW

9.9[ 9/ =mwL/ !V [ /1! w! /oml9awlb{Ds Lt/! {w!!ab95x ¢

Electrical Characteristics and AC Timing parameters are as follows.

Table28 [-Clock Timing
Parameter S'FDDR41 33
Max
Clock Period Average (DLL off mo« 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 tdITper_tot -63 63 ps
Deterministic | tJITper_dj -31 31 ps
DLL Locking tJITper,lck -50 50 o
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 (AVGQG)
(includes duty cycle jitter) (includes
duty cycle jitter)
Clock absolute low pulse width tCL (ABS) 0.45 - tCK (AVGQG)
(includes duty cycle jitter)

! Applicable from tCK (AVG) MIN to tCK (AVG) MAX as stated in the Speed Bin tables.
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Min
Cycleto-cycle jitter Total tdITper_tot 125 ps
Deterministic tJITper_dj 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
I 3 318 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) tDS 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 DDR41 33

Max

DQS_t, DQS_c to DQ skew, per group, per tDQSQ - O 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 ¢ tLZDQ -450 225 pS
DQ Higkz time from CK_t, CK ¢ tHZDQ - 225 ps

Table31 [“DQ Strobe Input Timing

Parameter STDDR41333 Units

DQS _t, DQS_crising 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 5

rising CK_t, CK ¢

DQS _t, DQS_c rising edge output variance window tDQSCKi - 370 ps
per MRA/A

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 Leitime (REL 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 -lCommand and Address Timing

Parameter Symbol STFDDR41333 Units

DLL Locking Time tDLLK 597 -

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_ ¢ 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
ACTIVATB-PRECHARGE command period tRAS 143 - ns
ACTIVAT-ACTIVATE or REF command period tRC 190 - ns
ACTIVAT®B-ACTIVATE command period to differel tRRD_S 10 - ns
bank groups

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

Four ACTIVATE windows tFAW 240 - ns

'{ 1 Tabld2 - JEB79-4A DecificationDeviationsge L, Thble18&SFDDR41333 Speed Bin Operating

Conditionsse
2{ 17 Tablé4 - JEB79-4A SecificationEnhancementd| II dablds 8 LB FDDR41333 Speed Bin Operating
Conditionse
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Table34 [“Commandand Address Timing with (CL)
Parameter Symbol S'FDDR41 333 Units

--J

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

READ commandBoth 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 commandBoth same bank group

and different bank group for®4

REAE0-PRECHARGE time tRTP MIN = greater of 4CK or CK
7.5ns

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

MAX = N/A
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Table35 ‘MRS Command Timing

Parameter Symbol STDDR41333 Units

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

Table37 -lConnectivity Test Timing

Parameter Symbol STDDR41333 Units

TEN pin HIGH to CS_n LG®Whter CT mode tCT_Enable 200 - 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 F tCTECT_Valid 10 - ns

Table38 [-Talibration and Merpal rain Timing

Parameter Symbol STDDR41333 Units

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

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

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

MRS command delay

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

delay

1 CK_t and GK must be complementary durir@onnectivity Test maintaining differential input
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Table39 [“Initialization and Reset Timing

Parameter Symbol STDDR41333 Units
X

Exit reset fronCKE HIGH to a valid tXPR MIN greater of 5CKor ns
command tRFC (MIN) + 10ns
RESET L pulse low after power stable  tPW_RESET_S 20 - Us
RESET_L pulse low at power tPW_RESET_L 200 - UsS
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 andHighZ tI0Z N/A undefined ns

Table40 “Refresh Timing

- S-FDDRM L -

REFRESHd-ACTIVATE or REFRESH tRFC tRFC=tST ns
command period (all bank groups)
Average periodic refresh interval tREFI See Note 8 MS

Table41 [“BeltRefresh 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 selrefresh to ZQCL, and MRS (CL, CW tXS_FAST 10 - ns
WR, RTP and geardown)

Exit selfrefresh to commands requiring a tXSDLL tDLLKwminy - CK
locked DLL

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

2 1ST is specified ihable18 B FDDR41333 Speed Bin Operating Conditicarsl Table65 BankSaggeringTime

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

* TheSTDDR4 devicdoes not support Fine Granularity Refresh Mode. These parameters are referenced to tRFC.
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Parameter Symbol STDDR41333

Minimum CKE low pulse width for se#ffresh 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 beforeelfrefresh exit (SRX) or  tCKSRX MAX - CK
power-down exit (PDX), or reset exit (5CK,10ns)

Table42 [“Power Down Timing

Parameter Symbol STDDR41333 Units

Exit powerdown with DLL on to any valid MAX = CK
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 powdmwn entry tACTPDEN 1 CK
PRECHARGE/PRECHARGE ALL command tPRPDEN 1 - CK
power-down entry
REFRESH command to powewn entry tREFPDEN 1 - CK
MRS command to powetown entry tMRSPDEN tMOD miN) - CK
READ/READ with auto precharge command tRDPDEN MIN =RL + 4 + 1 CK
power-down entry
WRITE command to powelown entry tWRPDEN MIN =WL +4 + tWR/ CK
(BLBOTF, BLBMRS, BC4OTF) tCK(AVG)
WRITE command to powelown entry tWRPBC4DEN MIN=WL +2 +tWR/ CK
(BC4AMRS) tCK(AVG)

1 tST is specifieth Table18 FBFDDR41333 Speed Bin Operating Conditi@rs Table65 FBankSaggeringTime:
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Parameter Symbol STDDR41333 Units

WRITE with autprecharge command to tWRAPDEN MIN WL + 4 +WR +°
power-down entry (BL8OTF, BLBMRS,BC40

WRITE with auto precharge command to tWRAPBC4DEN MIN=WLL2+WR+1 CK
power-down entry (BC4MRS)

Table43 [“Write Leveling Timing

Parameter Symbol STDDR41333 Units

40 - CK

First DQS_t, DQS_crising edge after write  tWLMRD
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 h° 9w -t LbLeL! [ Lal!=a=Lhb {9v-9b
10.1 Default Values

For powerup and reset initialization, in order to prevettite 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 PDAYMRS3 A[4]): 0 = Disable

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

CS to Command/Addresatency (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 0.2xp/all other inputs
may be undefined)RESET_needs to be maint@ed for minimum 200us with stable power.
/Y9 @7 ixO%KhTt o RetdeRdeibglieasseried(minimumgiriéf10ns). The

power voltage ramp time between 300mV t@¥min must be no greater than 200ms; and

©2022 Everspin Technologies 59 EMD4E001GAS2 Revisios 10/2022
All Rights Reserved



= EVERSPIN'

gE» TECHN

LOGIE EMD4EO01GAS

during the ramp, ¥D 7 pbqgand (\bD VbDQ <0.3V. WPmust ramp at the same time or
earlier than \DDand WPPmust be equal to or higher thanDDat all times.

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

Apply \bpwithout any slope reversal before or at the same time gpahd \bpQ

Vppand \bpaqare driven from a single power converter output and apphp¥pDQ
without any slope reversal before or at the same time asahd \REFCA

The voltage levels on all pinther than \bp VbbQ Vss Vssanust be less than or equal to

Vbp@and \DDon one side and must be larger than or equal 8\&and \6Son the other
side.

VrTis limited to 0.76V max once power ramp is finished.
VREFC#acks \DD2.
or

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

Apply \bpqwithout any slope reversal before or at the same time as&/VREFCA

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

Vbpoaand \bpon one side and must be larger than or equal #8ddnd \sson the other side.

2.

N

©2022 Everspin Technologies 60

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 sigoaksperding

setup time to clock (tIS) must be met. Also a DESELECT command must be registered
26%2D AL{ 1711 Oix 26 It 2IX awnlXg A, Ut a%BIXgA

T
wrtTlTtftwew /Y9 IOtrTto] fIX rt alIXI? G ZafioNSdolencedT € G 1 T

finished, including expiration of tDLLK and tZQinit.

TheSTDDR4evicekeeps its ordie termination in higimpedance 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
Rrrinomjsto 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 HIG#4it 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 MRS with all application settings, wait tMRD.

Issue MRS command to load MR6 withaglblication settings, wait tMRD.

EMD4E001GAS2 Revisio8 10/2022

All Rights Reserved

(0]

G
1



;TE CHNOLOGIES EMD4EOO‘IGRS

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 QORI RN

vpp _22

Vop, Vopa W

tpw_RESET L

N/
CKE @@

RESET_n

LR ae Ay Ay aeeoa

ok

Us ole >
»|e >

" ter | ™MRD | tmmD t\MRD tvoD tzdinit
Command szz te A X VRS XX RS WX Mrs YK wirs XA dXzac X b@@ /
ws. o 777 777772777272 782 < O o R K v A 22,
ooT ZW@K_?Z Static LOW in case RTT(NOM) 15 enabled at time Tg. otherwise static HIGH or LOW 2 >
o U U OO G { SR | SR | G (G (|
zzTime Break 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 tonadide 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; howerét 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:
Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk

o APA RO IR IR RN
Vop U U W T W T U TN TUT AT

oo, Yoo - TN T T T T

- RIS ERERER

. QTR RY R R A A Ao

RESET_n

Command
BG, BA

OoDT @W@K_ze 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 lelow 0.2 x Ypany 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 de-asserted (minimum time 10ns).

2. Follow Steps 2 through 7 in the Reset and Initialization Sequence at BoMRamping
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 desf@tiiaigs.

5. In general, there is no specific sequence for setting the MRS locations (except for
dependent or cerelated 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 thepéupply, \epis allowed to be less than

Vppprovided the following conditions are met:

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

» Condition B: The amount thaP?Pmay be less thanDVDDQis less than or equal to
500mV.

« Condition C: Thetimeppmay belessthanpbG ] 0O 3NI] ixt1T IXaag ST 7T T
Ugg OI10BUYFTO G IT GO 2D0G7 TAUEAT O B3hNIT &

« Condition D The time ¥pmay be less than 2.0V and aboves® D, ¢ 517 1 &7 IG OI& IXb b
ixtT IXgaOTT1 Ot 268D U IXFUY% UpagpsgSISBUrTO £GIT

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 vatides that must be programmed
via a Mode Register Set (MRS) command.Mbée 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 Registeis must be initialized and/or ranitialized,
i.e. written, after power up and/or reset for proper operation. The contents ofNtuale
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 redeafied when

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

The MRS command cycle timggrbis required to complete the write operation to tHdode
Register and ishe minimum time required between two MRS commands showffigure? -
tmro Timing
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1 Tc
CKC e f——\ L\ L) Yl ) Y ) Y PR
Kt — N h
Command Wi ' /////////W/////////W//
Address Valid ////////, -
e 7777
Settings I Old settings )) Updating settings )) I

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

Figure7 - turp Timing

Notes:
1. Thistimingp C UE T U I oTvTixGpatl /! ixU7Gf = IXor woGJIUr %hTto:
2. turoapplies to all MRS commands with the following exceptions:
3. Geardown mode
4. CA parity mode
5. CAL mode
6. PerDRAM addressability mode
7. VRerpdraining value, YEFDdraining mode, and Merpdraining range

Sone 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

VREFDdraining value
VREFDdraining mode
VREFDQraining rang

©2022 Everspin Technologies 64 EMD4E001GAS2 Revisios 10/2022
All Rights Reserved



- ERSPIN
PTECHNOLOGIE EMD4EOO1GRS

The MRS command to NéMiRS command delay, tMOD, is required for tlezriceto update
features, and is the minimum time required from an MRS command to aMid8 command

excluding DES is shownRigure8 - tmop Timing

TO T T2 Ta0 Tal Ta2 Ta3

____________

------

s SO
Command ' alid)I XV XU (rs XX0Es XD

oo
)\Valid)(j) J)Valid )X/ N Vali

/)

Settings l | 0ld settings | 22 I | Updating slettings | 22 | New settirigs_|

22 Time Break Don't Care

Figure8 - tmop Timing

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

In some of theMlode Register setting cases, function updating takes longer tham.tThis 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 Registet0 (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
A13 NOMEM 0 = DisablNOMEMmode 1 = Enabl&NOMEM mode
A11:A9 WR/RTR® 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
A12, A6:A4, A2 CAS Latency 00001 = 10CK Only CL=10 is supported
A3 Read Burst Type 0 = Sequential 1 = Not Supportet!
A1: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-Mx\dce 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 Recgvamd internal Read command to PRECHARGE command delay. For actual
Write recovery timing please refer to AC timing table

“ Read Burst Types other than Sequential are not supportedTSile61 - 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 = MR 101= MR5
010= MR 110= MR6
011=MR3 111= RCW
A13 MEM Reserved, must be 0 .
A12 QOFF 0 = Output buffer enabled 1 = Output buffer disabled
Al1 TDQS Enable 0 = Disabled 1 = Enabled
A10:A8 000 = RrrinomDisableOnly 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:A1 Output driver 00 = RZQ/7 10 = RZQ/6
impedance 01 = RZQ/5 11 = Reserved
control
A0 DLL Enable 0 = Disableti 1 = Enabled

' Reserved for Register Control Word setting. The device ignores MR command with BGO, BA1;BA0=111 and

oIXrl gt T717] iXxIXOHo¥ ° D7 I wC- aw{ gthgined 712 6¢0¢ G J17%w o1 T
2 Qutputs disabled DQs, DQS t, DQS ¢

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

YrUtrT? TTNTTLTo PIX &N UL S5GIUr%Bte 262D T1lixtratr TIX 55wk
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Table46 “Mode Register ZMR2)

BG1 RFU Reserved, must be 0

BGOBA1:BAO MR Select 000= MR 100= MR4
001 = MR 101= MR5
010= MR2 110= MR6
011=MR3 111 = RCW

A13 TRR Mode Not supported, must be?0 0 = Disabled

A12 Write CRC Not supported, must be?0 0 = Disabled

A11:A9 Rrrwr) 000 = Dynamic ODT off -

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

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

Refresh
A5:A3 CAS Write Latency (CW 000=9only CWL =9 only
A1:A0 TRRMode - 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
A13 RFU Reserved, mugte 0 -
A12:A11 MPR Read Format 00 =Serial 10 =Not Supported
01 =Not Supported 11 =Not Supporte*
A10:A9 Write CMD Latency when DN 00 = 4CK 10 = Not Supporig#
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 ignoresdvtffnand with BGO, BA1;BA0=111 and

oXrl Igf 11 ixIXOHo®y °D7 I wC- aw gIXor 71711 6¢IO¢ G J1%w o7 G,
2These features are disabled. Any attempt to change these bits will be ignored

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

oIXtTl It 1717 ixIXIo®% °Dt I wC- aw glXor J7116¢IO0¢ G 74w ot G,
*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 Geardownmode Not supported, must be 0 = Disabled
01
A2 MPR Operation 0 = Normal 1 = Dataflow from/to
MPR
A1:A0 MPR Page selection 00 =Page 0 10 = Page 2
01 = Page 1 11 = Page 3

Table48 “MPR Page 0 (Training Pattern)

Address MPR [7] [6] [5] [4] [3] [2] [1] [0] Note
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 = MPRB 0 0 0 0 0 0 0 0

Table49 “MPR Pagd (Not Defined

Address MPR

Location
BA1:BAO 00 =MPRB 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 = MPRB X X X X X X X X

' These features are disabled. Any attempt to seh-supported values will be ignored
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TabIeSO “MPR Pa >4 MRS Readoyt

Address [3] [2] [1] Note
Locanon

BA1:BAO 00 = MPR RFU RTT(WR Temperature CRC  RTT(WR) Read
Sensor Write Only
Status Enable
- - MR2 - - MR2 MR2
- - Al 0 1 A12 A10 A9
01 =MPR VREFDC VREF Training Value Gear
Down
Enable
MR6 MR6 MR3
A6 A5 A4 A3 A2 A1 A0 A3
10 = MPR CAS Latency CAS Write Latency
MRO MR2
A6 A5 A4 A2 A12 A5 A4 A8
11 = MPR RTT(NOM) RTT(PARK) Driver
Impedance
MR MR5 MR2

A10 A9 A8 A8 A7 A6 A2 Al

Table51 “MPR Page& (Vendor Use Only

Nl L
Location

BA1:BAO 00 = MPRB 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 = MPB 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 = MR3 111 = RCW

A13 RFU Reserved, must be 0 -

A12 Write Preamble Not Supported, must be?0 1 CK

A1 Read Preamble Not Supported, must be?0 1 CK

A10 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 \kefMonitor 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

A1 Maximum Power Savings Mode Not Supported, must be?d 0 =Disabled

AO RFU Reserved, must be 0 -

" Reserved for Register Control Word setting. ThdBR4 device ignores the MR command with BGO,

.1 32. 1 had33 o oIXrl It T71JixIXODosy °Dt I wC- aw aglXotr @7 7
2These features are disabled. Any attempt to change these bits will be ignored
${ 1 TabléB - JS[¥Y9-4A UnsupportedFeature Optionsse
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Table53 “Mode Registes (MR5S)

BG1 RFU Reserved, must be 0
BGO, BA1:BA0O MR Select 000= MR 100 = MR4
001 = MR 101 =MR5
010= MR 110 = MR6
011=MR3 111 = RCW
A13 RFU Reserved, must be 0 -
A12 Read DBI Not Supported, must be?0 0 = Disabled
Al Write DBI Not Supported, must be?0 0 = Disabled
A10 Data Mask 0 = Disabled 1 = Enabled
A9 CA Parity Not Supported, must be®d 0= Disabled
Persistent Error
A8:A6 000 = Rrrpark Disable 100 = RZQ/1
RTT(PARK) 001= RZQ4 101 = RZQ/5
010= RZ(2 110 = RZQ/3
011= RZ(B 111 = RZQ/7
A5 ODT Input Buffer 0 = Buffer is activated 1 = Buffer igleactivated
during Power
Down Mode
A4 C/A Parity Error = Not Supported, must be?0 0 = Clear
Status
A3 CRC Error Clear Not Supported, mustbe?0 0= Clear
A2:A0 C/A Parity Not Supported, must be 080 0 = Disabled
Latency
Mode

' Reserved for Register Control Waetting. The SDDR4 device ignores the MR command with BGO,
.1 32, 1 had3d3 o oIXrlIOIget T1]ixIXHoy ° Dt I wC- aw glXoT GJ T
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= MR 100= MR4
001= MR 101= MR5
010= MP2 110= MR6
011=MR3 111= RCW
A13 RFU Reserved, must b@é -
A12:A10 tCCD_L SeeTable56 tCCD L -
A9 RFU Reserved, must be 0 -
A8 RFU Reserved, must be 0 -
A7 VREFDd raining 0 = Disabled (Normal 1 = Enabled
Sl Operation)
A6 VREFDQraining 0 = Range 1 1 = Range 2
Range
A5:A0 VREFDQ@raining SeeTable55 -VREFDQ Rang -
Value and Levels

" Reserved for Register Control Word setting. ThdBR4 device ignores the MR command with BGO,
.1 32, 1 had3d3 o oIXrlIOIget T1]ixIXHowy ° Dt I wC- aw gXoT GF -
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Table55 “WVREFDQ Range and Levels

00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 011011 77.55% 62.55%
00 0010 61.30% 46.30% 011100 78.20% 63.20%
00 0011 61.95% 46.95% 01 1101 78.85% 63.85%
00 0100 62.60% 47.60% 01 1110 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%
01 0111 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
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Table56 EtCCD L

597 O 3vhbiar ix]

O 0 1 5 O 32%%&ar ix]
(1600/1866 Mbps)

0 1 0 6 768 A bbdhnhar ix]
(2133/2400 Mbps)

0 1 1 7 1028 O bSported

1 0 0 8 A bIXf { OixixIXTfTT1oO

1 0 1

1 1 0 Reserved

1 1 1

11.3 MPR Reads
MPR reads are supported using BL8 and BC4 modes. Burst lenthié-ibnis not
supported for MPR reads. READ commands for BC4 are supported with a starting column
address of A[2:0] = 000 or 100. After powsg, the content of MPR Page 0 has the default
LB OT I w 2006 4 Dabledd EMPR Pagel0 [IframingiPHttes#\M PR page 0 can
be rewritten via an MPR WRITE command. The device maintains the default values unless it
is rewritten by theSTDDR4controller. If theSTDDR4ontroller 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
Precharge all; wait until tRP is satisfied.
MRS command to MR3[A2] = 1 (Enable MPR data flow), MR3[A12:A11] = MPR read format, and
MR3[A1: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] MPRvage:
00 =MPRPage0
01 =MPR Page 1
10 = MPR Page 2
11 = MPR Page 3
. tMRD and tMOD must be satisfied.
5. Redirect all subsequent READ commands to specific MPRXx location.
Issue RD or RDA command.
BA1 and BAO indicate MPRXx location:

00 =MPRO
01 =MPR1
10 =MPR2
11 =MPR3

A12/BC =0 or 1; BL8 or BC4 fixedy, BC4 OTF not supported.
If BL = 8 and MRO[A1:A0] = 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 fixedat0,1,2,3, 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 00wt ILG IG I¢ ULoo 7777 GIOHixO2Jw GIp%koolG OIE !
/I UT T e
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 MPRXx locations.
9. After the last MPRx READ burstzarmust be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR3[A2] = 0.
11. After the twvobsequence is complete, thadeviceis 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 aling 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 (foubi 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 prograredhinto the MPR via [7:0] as 0111 1111.
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Table57 - MPR Readout Serial Format8)

Ul6 Uiz
DQO 0 I 1 1 1 1 1
DAl 0 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1
DO6 0 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1

Table58 “MPR Readout Serial Format (x16)
0 1

DQO 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1
DQ6 0 1 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1 1
DCB 0 1 1 1 1 1 1 1
DO 0 1 1 1 1 1 1 1
DQI0 0 1 1 1 1 1 1 1
DQi1 0 1 1 1 1 1 1 1
DQi12 0 1 1 1 1 1 1 1
DQ13 0 1 1 1 1 1 1 1
DQi4 0 1 1 1 1 1 1 1
DQ15 0 1 1 1 1 1 1 1
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CK_c YT VT
S
Command 7 %@%
Address
- X | | | | | Ay [ | [ | [ [ [ [ [ [
— P13 4+ ALf L ) _ ] ) )
(BL=8:Fixed) “ D D MDD I D D D
DQS_t, 1 —— - - . P -
BC=4:Fixed) & LI DIUIXUIS) UnoxXuimuiXis
22Time Break Don't Care
Figure9 - MPR Read Timing
Notes:

1. tCCD_S =4, Read Preamble = 1tCK

2. Address setting
e 3dnr 3 dhnihier oty rdTlt IXJorT G bGSTO ]
' w b3 wh<er CIXT . [E28458Y)11% IXToT1T G bGSTO
(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
BA1 and BAO indicate the MPR location

! 31 UIODo IXf D77 ULooTTJJ] ixGIOJ UTT oIXIg? alUTT G
awh !, 3dnr 3 dhhe X ®%3Nhelpm WHo3LIOlFr 11 BE3ar

____________________________________________________________________________________________________________________________________________|
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\7/4 \Z AN/ A\ AN AN/ 4
(BL=8:Fixed) R m‘ P’ {@‘m'ww T3 s
DQS—t' - - r- - Lo -
OO T OO
BC=4:Fixed) R .UIDXUI1><U\2XUI3> ~UIO)(UH) U\z)@ls)

2zTime Break Don'tCare
Figure10- MPR Backo-Back Read Timing

Notes:
1. tCCD_S =4, Read Preamble = 11CK
2. Address setting:
' 3dhir 3 $Nner outly rdTlt IXTotr?T G bGSTO 1%
' o bu 3 shneer CIXT eddt@ERBA567)T 1T IXToTT G bG5S
(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
BA1 and BAO indicate the MPR location
' 3 UIOo IX?PDt?T ULooTT1TJ] ixXGCIOIJ UTT olIXIg?
*

ALT
awh !, 3dhr 3 whhe X %3heka Uo3wl O] T B

T
r AQr
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CK_c ;
CKt -~

Command

ba 22 (CUI0 U SV 3CUIZ U SCUIS S ULe ST ) 2(
22 Time Break Don't Care

Figure11- MPR Reado-Write Timing

Notes:

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 BAhdicate the MPR locatioh 21 LI To IXf D7 T ULooTT{J ixGI
G Op%000G 0O .D3% UIODo .DN¥ ! 3p ] oIXODgt aUTT
when MRO A[1:D= 01

2. Address setting:
BA1 and BAbhdicate the MPR location A[7:0] = data for MPR
BA1 and BAbhdicate the MPR location
' 2 U IOo IX? D177 UoofTJ] ixGIJ UTT %5IXOTa%r /7 U7+

11.6 MPR Writes

MPR access mode allows8 writes to the MPR location using the address bus A[7:0]. The
devicewill maintain the new written values unless-i@tialized or there is power loss.
The following steps are required to use the MPR to write to mode regisifR Fage 0, MPRXx.
1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. 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.
4. tMRD and tMOD must be satisfied.
5. Redirect all subsequent WRITE commands to specific MPRXx location.
6. Issue WR or WRA command: BA1 and BAO indicate MPRx 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,aBbd®8 L Io . D UTT %5 IXIg% /U
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, teviceis ready for normal operation from the

core (such as ACT).

- 22 22 22 22 K UI0 SCUIT S UIR U3 U SCUIS S UI6 S UI7

22Time Break Don'tCare
Figure12 - MPR Write and Writeto-Read Timing

Notes:
1. Multipurpose register read/write enable (MR3 A
2. Address setting:
BA1 and BAO indicate the MPR location
' 3h UIo IX? D77 UooTT37 ixGIO] UTT w5IXIat /UTT <
3. Parity latency (PL) is added to data output delay when CA parity latency mode is enabled.
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Addressa@m@qwlid i Valid Y7 Vald Add Vald Y7 Vaidy 7)) {aidy g Ry )Rl )< Validy
AN/ VK777 AN/ AN/ AN /AN /AN /N

DQS_t, 2
DQS_c

DQ

I~
L

uTime Break Don'tCare
Figure13- MPR Backo-Back WriteTiming

Notes:
1. Address setting:
BA1 and BAO indicate the MPR location
A[7:0] = data for MPR
' 21 ULIOo X D17 UoofTTtJ] ixGIOIJ UTT HS5IXIQF /UTT %
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RTimeBreak Don'tCare
Figure14 - 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.
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Address X Add Valid Va@Qb@lid Valid Valid Valid Valid Valid W) iy XY Vel Valid )

“71 g | Q. \ /N4 M%B \ /N4 o /4
< tALY e +1) + Cloc > e
- ))
DQS_t, gés_i « | - .
0 22 UGS UM SR 025 UB K U SIS S U6 Ui )
BC=4 .
DQS_t,DQS_c 2 (
DQ 22 U<
zzTimeBreak Don'tCare
Figure15- MPR Reado-Refresh Timing
Notes:

1. Address setting
IJ A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
IJ] A2 =0b (For BL=8, Burst order is fixed at 0,1,2,3,4,5,6,7)
IJ] BA1 and BAO indicate the MPR location
J!3n UIOo IXfD1T UoofTTJ7 ixGIOJ UTT oIXEwHenpglUTT (I
MRO A[1:0] = 00 or 10, and must be 1b when MRO AE @I
2. 1x Refresh is only allowed when MPR mode is enabled.
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12./ haa! b5 59{/wLt=aLhbDb({

Maintain Power Down
Power Down Exit
Maintain SeHRefresh
SeltRefresh Exit

Active Power Down Entry
Power Down Entry
Power Down Entry
Power Down Entry

Precharge Power Down Entr
Precharge Power Down Entr

Table59 [“-ICKE Truth Table
Current Staté Command (Nj
Previous | Current | AS_nCAS_n,
Cyclé (N-1) | Cyclé (N) E n,CS_n
Power Down L L X
L H DESELECT
SelfRefresh L L X
L H DESELECT
Bank(s) Active H L DESELECT
Reading H L DESELECT
Writing H L DESELECT
Precharging H L DESELECT
Refreshing H L DESELECT
All Banks Idle H L DESELECT
H L Refresh

SeltRefresh Entry

For more details with all signajst Tabl&60- Command Truth Table ¢

Notes for CKE Truth Table:

14,15
11,14
15,16
8,12, 16
11,13,
14
11,13,
14,17
11,13,
14,17
11,13,
14,17
11

11,13,
14,18
9,13, 18

10

4. All states and sequences not shown are illegal or reserved unless explicitly descsinedezt
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 definelidble60 - Command Truth Tabte &
7. On SeHRefresh Exit DESELECT commands must be issued on every clock edge occurring during
the tXS period. Read commands may be issuedaidtdy 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 Tab#e %
10.Valid commands for Powddown Entry and Exit are DESELECT only.

' 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; @K#blthe 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 &%/ ITUIO] wolXIQT aAlUTT (¢ HRetestoaidiPewdBolwriXil * ¢ I%
also applies to Address pins.

15.VPP and VREFCA must be maintained durindg38&tésh operation. The first Write ogsion
or first Write Leveling Activity may occur after tXS time after exit fromr8gish

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

17.¢d%7 JAUfT T G oTbGIOro UJ U®BB rUOTAl UTT aBIXITC

progress, CKE is high, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC,
tZQinit, tZQoper, etc.) as well as all S&ffresh exit anddver-Down Exiparametersare
satisfied (tXS, tXP, etc.)
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Table60- Command Truth Table

Function Abbr CKIE1 CS_n| ACT_n| RAS_n CAS_n  WE_n| BGOG | BAG | A12/ | A13,| A10| AO- | Note
/A15 /A14 BG1 BA1 BC_n| A11 | /AP | A6

Mode Register Set MRS OP Code
Refresh REF H H L H L L H Vv Vv 11
Selfrefresh Entry SRE H L L H L L H V V Vv V V Vv 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 V 9,10
Single Bank Precharge PRE H H L H L H L BG BA Vv Vv L |V 1
Precharge all Banks PREA H H L H L H L Vv Vv Vv Vv 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 Vv \Y L CA
Write (BC4, onthe Fly)  WRS4 H H L H H L L BG BA L Vv L CA
Write (BL8, onthe 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 Vv Vv H CA
(Fixed BL8 or BC4)
Write with Auto Precharge. WRAS4 H H L H H L L BG BA L \Y H CA
(BC4, on the Fly)
Write with Auto Precharge. WRAS8 H H L H H L L BG BA H Vv H CA
(BL8, on the Fly)
Read (Fixed BL8 orBC4) RD H H L H H L H BG BA \ \ L CA
Read (BC4, on the Fly) RDS4 H H L H H L H BG BA L \Y L CA
Read (BL8, on the Fly) = RDS8 H H L H H L H BG BA H \ L CA
Read with Auto Precharge  RDA H H L H H L H BG BA Vv Vv H CA

(Fixed BL8 or BC4)
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Function Abbr
PREV_CUR|
H

Read with Auto Precharge RDAS4 H
(BC4, on thély)

Read with Auto Precharge RDAS8 H H L
(BL8, on the Fly)

No Operation NOP H H L
Device Deselected DES H H H
PowerDown Entry PDE H H H
PowerDown Exit PDX L H H
ZQ calibration Long ZQCL H H L

Notes:

I X X X T =T

L BG BA

I X X X I =T
I X X X I
— X X X I I
< X X X <
< X X X <

< X X X < T

< X X X< <

I X X X< =T

CS_n ACT n| RAS n CAS n WE n| BGOG | BAG | A12/ | A13,| A10 AO- | Note
/A15 | /A4 | BG1 | BA1 | BC_n| A11 | /AP A6
L H H L H BG BA L V H CA

CA

< X X X <
D

1. AllSTDDR4 commands are defined by states of CS_n, ACT_n, RAS_n, CAS n/A15, WE_n/A14 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/A15, 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/A15, and
WE_n/A14 are used as adhs pins A15 and A14 respectively.
RESET_n is 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 gropprddseupon. For MRS
commands the BG and BA selects the specific Mode Register location.

. % de If WIile ¢ It o % IXE @ a5AXITGTs /UUMoT <ek/AEde I7 L IJ

5. Burst reads or writes cannot be terminated or interrupted and FixedfmiFly BL will be defined by MRS.

©2022 Everspin Technologies 88
All Rights Reserved

EMD4E001GAS2 Revisio8 10/2022



= EVERSPIN’
PTECHNOLOGIES EMD4EOO1GRS

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&itigefresh operation. The first Write Leveling
Activity may occur after tXS time after exit from Seffresh.

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

11. The RERESHommandis used to execute the store all operation. F#EFRESH Command
(store all operationjpn pagel 14.

v o N o

Table61 - Burst Length, Type and Order

Read / Write | Starting Column| Burst Type = Sequenti Burst Type =
Address (decimal) A3=0 Interleaved (decimal)
(A2, A1, AO) A3=1

4 READ o,V,V 0,1,23,T,T,T,T Not Supported 1,2,3,4
1,V,V 456,7,T,TT,T Not Supported 1,2,3,4
WRITE o,V,V 0,1,2,3,X,X,X,X Not Supported 1,2,4,5
1,V,V 4,5,6,7,X,X,X,X Not Supported 1,2,4,5

8 READ o,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 selectedherfly 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 etlhe-fly control, the starting point for tWR and tWTRIwot 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 inpubiiga level on input pins. 5.

A o 5IXIDatr /UTT

v W

12.1 DLL

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

and upon returning to normal operation after having the DLL disabled. During normal operation
(DLL enabled with MRAO]) the DLL is automatically disabled when entering the-RBERESH
operation and is automatically renabled upon exit of the SEEEFRESH 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 HHgHtlevice does not require DLL for
any WRITE operation

12.1.1 DLL On/Off Switching Procedure
STDDR4LLoff mode is entered by setting MR1 bit A0 to 0; this will disable the DLL for
subsequent operations until AO 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 sefresh, as

outlined in the following procedure:

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

Set MR1 bit AO to 0 to disable the DLL.

Wait tMOD.

Enter selrefresh mode; wait until tCKSRE is satisfied.

Change frequency, following the guideds 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 commaare 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@ks,amdyWWR/RTP registers in
MRO, the CWL register inR2, and geadown mode in MR3 maye accessed provided the
device is not ifPer DevicéAddressability mode. Access to other device mode registers must
satisfy tXS timing.

10. tXS_ABORT: The controller casuie a valid command after a delay of tXS_ABORT. Upon
exiting from selrefresh, 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 foseltrefresh 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 tuonto complete.

13. The device is ready for the next command.

No ok wN =
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7 RGN N SR

txs_FAST

oo AR AR @

trp XS_ABORT

-
t

s LCKESR tys

O A | 2 ROA7802. | A% Ab. AN

Enter self refresh Exit self refresh

22Time Break 771 Don't Care
Figure16- DLL Off Sequence

Notes:

Starting in the idle state.

Disable DLL by setting MR1 bit A0 to 0.

Enter SR.

Change Frequency.

Clock must be stableisrx

Exit SR.

Update mode registers allowed with Dbff settings met.
Rrr(parkjs the only ODT modsupported

Rrrivom@and Rrwrjs not supported

0 o N O kW=

12.1.3 DLL Off Mode

DLLoff mode is entered by setting MR1 bit A0 to O; this will disable the DLL for subsequent
operations until A0 bit is set back to 1. The MR1 A0 bit for DLL control can be switched either
during initialization or later. Refer i@ection ®2.1Input Clock Fregency Changek

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. ThefDibode 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 DlLon mode, where tDQSCK starts from the rising clock edge (CL) cycles after
the Read command, the Dbff mode tDQSCK starts (CLl) cycles after the read command.

Another difference is that tDQSCK may not be small compared to tCK (itewgyhbe 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 DLbff mode READ operation are shown in the following Timing
Diagram (CL=10, BL=8):

TO T? TS T‘) TI(} T11 T'\Z T'\3 T14
l

H H H
™MD RD - . 2
h f 1
i i E
'
—
'

....................

......

- = P =

B, A SO~ [N

DQsdiff dIl_on : \ ; : : :
L <:( RL:A?\L+CL:EWO(CL:I?}.AL:UJE
L ; fcL=10!
DQ_dll_on : 1)
1 (( H 1 H ! \ OAOX QA1 X OAZX OA}X QA4X QASX OAGX OAJ/
i : RL (DLL_gff) =AL +{CL-1)=9: i
i [ ! ! ] : Ll ‘mscxpu oﬁ) imin i
DQSAif_dll_off L ))
| (€
DQ_dIl_off : zz ' ' ' [ ' ' ' '
oro Y oAt Y oaz Y oas Y oas Y ans QA7
; Pt ANA ANEVA /\ A@A
H + DQSCK(DLL off} max ! ! ! ! ! ' '
DQSdiff_dll_off —i 22

DQ_dll_off 2( \QAOXQAIXQMXQASXQMXQASX erXQAr/
Flgure1 7 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:

1. Starting from the idle state (all banks pcearged all timings fulfilledl

2. Enter selrefresh mode; wait until tCKSRE is satisfied.

3. Change frequency (following the guidelines in the Input Clock Frequency Change section).

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

5. Staring with the SELREFRESH EXIT command, CKE must continuously be registered HIGH
until tDLLK timing from the subsequent DLL RESET command is satisfied.
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6. Wait tXS or tXS_ABORT, depending on bit A9 in MR4, then set MR1 bit A0 to 1 to enable the
DLL.

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

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.

o

12.2 Input Clock Fregency 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. PrechargéPowerdown mode.
Outside of these modes, it is illegal to change the clock frequency.

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

DU rTTI JUTGTIbGTO® D7 J1HUAT 2XEHE 1 D1 wh KXLAR [ 1
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 selfefreshentryandexif ixt g G b G g UF G IXO] IOTFSELR GKBYB T
REFRESHsection

For the new clock frequency, additional MRS commands to MR0O, MR2, MR3, MR4, and MR6

may need to kb issued to program appropriate CL, CWL, geavn 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 frequeha@ange below the minimum
operating frequency would require the use of Bdri mode to DLloff mode transition

sequence (DLL On/Off Switching Proceduwre paged0).

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 freigusraryged,

stable new clocks must be provided to tevice t{CKSRX 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 cloclefmey, additional MRS
commands may need to be issued to appropriately set the WR/RTP, CL, and CWL with CKE
continuously registered high. During DLHgek period, CKE must remain HIGH. After the DLL
lock time, thedeviceis ready to operate with newlockfrequency. This procedure is shown in
#igurel18- Frequency Change DuriRRECHARGE Power Deéelow.

Previous Clock Frequency New Clock Frequency

A

To T
Formny §am T

S

K c
CK_t

A
f ¥
\ A

Yvyy

1 L}
tCKSRE : 1 LeKSRY

! : 22 : 22 ? 2? 1S Iz i ! : )
cmD ‘ME%%ES 2&@( DES )@y/ 7 '7 /,V///‘,:V///AZ/////%( DES )@( DES )@@( Mlﬁs W DES )@@( VALID )@
Gl 7 2 ZZ 2 2 22 22 22 2 2 L U U e A e

-
-+

Y
A

CKE

S

H H ' H H H H H
! DODTLofi+tADC! ! : ! ! ! it
:

: —> : ; : : : - e O PR
T o lal lal [T 12 M4
s ] Wil 2B S ) B S '
" e R z‘z i

P
1 'DLLK

. .
- T T

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

Figure18- Frequency Change DurirdRECHARGE Power Down

Notes:
1. tCKSRE and tCKSRX areFRBsliesh mode specification but the value they represent are
applicable here.

2. If Rriparkis disabled and ODT input buffer is not deactivated.
3. Rrrparuds the only ODT mode supported.
4. Rrrnom@and Rrwrare not supported.
5. 8Dt h5r ixGIO (IO U woIXIQT aUTT <
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12.3 Write Leveling

For better signal integrity, DDR4 memory modules useylyopology for the commands,
addresses, control signals, and clocks:bylyopology has benefits from the reduced number
of stubs and their length, but it also causes fligjhie skew between cloc&nd 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 develg feature to allow
the controller to compensate for skew. This feaumay 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 reddiéalbe

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 kib#erthe 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 wigtesling mode, only
DQS terminations are activated and deactivated via the ODT pin, unlike normal operation See
wable62- MR Settings for Leveling Proceduges r 7 %5 IX2

Table62 - MR Settings for Leveling Procedures
Write leveling enable A7 1 0
Output buffer mode (Q off) A12 0 1

12.5 Write Leveling Procedure Description
The Memory controller initiates Leveling mode ofADDR4 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 commaaexsiitevrite leveling
(MR1[A7]). Upon exiting write leveling mode, the MRS command performing the exit
(MR1[A7]=0) may also change MR1 bits of-A82A2A1. Since the controller levels one rank
at a time, the output of other ranks must be disabled by sgtfiR1 bit A12 to 1.
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COMMAND

The Controller may drive DQS_t low and DQS_c high after a delay of tWLDQSEN, at which
time the DRAM has applied atie termination on these signals. After tDQSL and tWLMRD,
the controller provides a single DQS_t, DQS_c edge whicbdsdyshedeviceto sample

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

DRAM samples CK- €K_c status with rising edge of DQSDQS_c¢ and provides feedback

on all the DQ bits asynchronously after tWLO timing. Theadd€ 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@ntroller 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 device¥igure19- Timing details of the Write Leveling Sequetice
illustratesthe timing diagram and pameters for the overall Write Leveling procedure

Ri )QD( DES >®<_l_]

o D QN [ U 1 ¥
'WLDQSEN ol
weoor [ L I I L O L L O L LRI -
emoew [T TR N,
wio "WLDE o ™
Figure19- 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®Q@S_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 : CK is 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 ~T0), 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 (Te1).

2. Drive ODT pin LOW (tIS must besfad) and continue registering LOW (see Tb0).

3. After Rrris switched off, disable writeeveling mode via the MRS command (see Tc2).

4. After tMOD is satisfied (Te1), any valid command can be registered. (MR commands can be
issued after tMRD [Td1]).

K c
CK_t

Command

Address

S/ a7/ v/ /A Y/

ODTL (OFF)

tADC (MIN)

RTTIDRS 1 I " ' " .
Rroas.o | Frinom) {{ {{ {{ a RrTipark) 2[ \
DQs.t Y e 13 1)
pasc  _f X Q—— U U
i 2 2
‘wio -

< IR ) ) ) )

Il Undefined Driving Mode [ Tansitioning Q] Timereak  PjDont 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)

DDR4 allows programmability of a single, spediéigiceon a rank. As an example, this feature
can be used to program different values on edelviceon a given rank. Becau&er Device

Addressability (PDA) mode may be used to pangoptimal \Refor 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 implenm¢ation between BC4 and BL8 modes on dezice TheSTDDR4
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 nyabe used.
2. Before entering PDA mode, the following MR settings are possible:

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

3. Enable PDA mode using MR3[A4] = 1. (The default programed value of MR3[A4] = 0.)

4. In PDA mode, all MRS commands are qualified with DQO. The deviaeesdpQO by using
DQS signals. If the value on DQO is LOWg¢héceexecutes 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 moa registers using the MRS command and DQO.

6. In PDA mode, only MRS commands are allowed.

7. The MODE REGISTER SET command cycle time in PDA mode, CWL 5t @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 maydaotgome 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 DQOg$QS signals the same as in a normal WRITE
operation.
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Figure21- PDA Operation Enabled, BL8

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

MR3 A4=0
(PDA disable) CWLsAL+PL P
[« » <t
DQS_t )
DS 2( L
Ny
DQo
2 , T
PDAS—»! ke PDA H—»1 [
W DODTLoff =WL-3 |
oot I \ Q
DODTLon = WL-3
3 L.
Re7 | RrT(park) z { Rrrinom) &0 ) RTTiPark)
I I | N

[ Transitioning 22 Time Break

Figure22- MRS PDA Exit

Notes:
1. Rrare Enable; WRITE preamble set =2tCK; and DLL = on.
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12.8 VREFD@alibration
The VREFDAQ level, which is used bydthaeceDQ input receivers, is internally generated. The
o 7 TLGVREFRQ does not have a default value upon paypeand 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] tre 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 VHER level.

The VREFDAQ 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:A0] to
adjust the VREFDAQ level up and down. MR6[A6:A0] bits can bedaligirgg the MRS command

if MR6[A7] is disabled. TE®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 8FDDR4 devices. The minimum range is defined by
VREFDQ,min and VREFDQ,max. As noted, a calibration sequence, determinesity R
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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Figure23- VREFDQ Voltage Ram

12.9 VREFD@tep 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 VRBEFRlue endpoints for a specified range. The internalF¥avoltage value may not
be exactly within the voltage range setting coupled with the VREF set tolerance; the device
must be calibrated to the correct internakM-pcvoltage.

/
Actual V ’@®
output REF 4

2 Straight Ine
7 (Endp?oint fit)

VREF

VREFset 7F Ve

Ve
tolerance 4 @

Y'Y
+| VReret
y tolerance

VRerF
step size

Digital Code

Figure24 - Example of VREF Set Tolerance and Step Size

Notes:
1. Maximumcase shown

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

from t0 to t1, where t1 is referenced to the VREF voltage at the final DC level within the VREF
valid tolerance (VRRRI_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.

©2022 Everspin Technologies 102 EMD4E001GAS2 Revisios 10/2022
All Rights Reserved



SO TES EMD4E001GAS

X MRS X 2222202202222

VREF setting

adjustment

DQ Vger }( Old Vg setting Updating Vg setting Y New Vpepsetting™
VREF_time
>
t0 £
Don't Care
Figure25 - Vrerpaliming Diagram for NerimeParameter
Notes:

1. 10 is referenced to the MRS command clock.
2. t1isreferenced to MEF tol.

VREFD@®alibration mode is entered via an MRS command, setting MR6[A7] to 1 (0 disables
VReErFD@dibration mode) and setting MR6[A6] to either 0 or 1 to select the desired range

awz, ! &a! v UT T pebpD@dlibration/mdde hag beén ehterddg¥fpQ’
calibration mode legal commands may iseued oncévREFDQEas been satisfied. Legal
commands for REFD@alibration mode are ACT, WR, WRA, RD, RDA, PRE, DES, and MRS to set
VREFD@alues, and MRS to exiR¥FD@alibration mode. Also, afterREFD@alibration mode
DUT rTT7T I TIOf7TTT1TO0Rm wo OII2¢ °wlLr9 pDREFDGQdALe] UTT

the first time \REFD@alibration is performed after initializatio®etting \REFD@alues requires
MRG6[A7] be set to 1 and MR6[A6] be unchanged from the initial range selection; MR6[A5:AQ]

may be set to the desiredREFD@alues. If MR6[A7] iset to 0, MR6[A6:A0] are not written.
VREF timeshort Or VREF timdong Must be satisfied after each MR6 command to seEMbalue
before the internal YEFD@alue is valid.

If PDA mode is used in conjunction withRép@alibration, 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¥FD@alues and MR® exit \REFD@alibration mode.
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The last MR6[A6:AQ] setting written to MR6 prior to exitilge¥D@alibration mode is the
range and value used for the interngkMFp@etting. ExistingVRerFp@alibration modes
allowedwhen thedeviceis in idle state After the MRS command to exiR¥FD@alibration
mode has been issued, DES must be issued ymiEEDQlas been satisfied where any legal

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

12.10.1 Range 1 Calibration
The followings atypical script when applying the above rules fgre¢pgalibration routine

when performing YYEFD@alibration in Range 1:
1. MR6[A7:A6]10 [A5:AQ]XXXXXXX.

» Subsequent legal commands while iRRED@alibration mode: ACT, WR, WRA, RD, RDA,
PRE, DES, and MRS (to sgtpbqalues and exit NEFp@alibration mode).

+ All subsequent MerFp@alibration MR setting commands are
MR6[A7:A6]10[A5:A0VVVVVV.

e W1 11T 11T e UTT oTHEMDOQTO [TFFGIOE] b IXT
2. Issue AT/WR/RD looking for pass/fail to determingmidpoint) as needed.

To exit \REFD@alibration, the last two EEFp@alibration MR commands are:
1. MR6[A7:A6]10 [A5:A0]VVVVVV* [where VVVVVV* = desired valugimp\d
2. MR6[A7]0 [AB:AQIXXXXXXX [to ¥REFD@alibration mode.]

12.10.2 Range 2 Calibration

The followings atypical script when applying the above rules f@e¢p@alibration routine
when performing YEFD@alibration in Range 2:

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

2. Subsequent legal commands while iRR¢D@alibration mode: ACT, WR, WRA, RD, RDA,
PRE, DES, and MRS (to sstpbalues and exit NEFp@alibration mode).

3. All subsequent EFp@alibration MR setting commands are
MR6[A7:A6]11[A5:A0]VVVVVV.

4, #1111 v % UTT OoTHEOQTO TP G O] b IXT
5. Issue ACT/WR/RD looking for pass/fail to determipggNfmidpoint) as needed.
To exit \REFD@alibration, the last two MEFD@alibration MR commands are:
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1. MR6[A7:A6]11 [A5:A0]VVVVVV* where VVVVVV* = desired valugisnd
2. MRB[A7]0 [AB:A0JXXXXXXX td ¥REFD@alibration mode.

Note:
1. Range may only be set or changed when enteringpb@alibration mode; changing range
while in or exiting YEFD@alibration mode is illegal.

...................

)Q% E 7.4 MRS %% oEs W WR WX s YY)

'VREFDQK |
1

Command

0 oes >@< MRS )@é( DES

'VREFDQE

r l
VREFDQtralnmg on I\Iewvﬁﬂ;DQ NeWVREFOQ VREFDQtrammg off
value or write value or write

RTime Break Don't Care

Figure26 - Training Mode Entry and Exit Timing [Qram

Notes:
1. New \REFD@alues are not allowed with an MRS command during calibration mode entry.
2. Depending on the step size of the latest programmegMalue, \Repmust be satisfied before
disabling YXEFDdyaining mode.
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Figure30- VREF Single Step Decrement Case
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12.11 VREFDQ Target Settings

The VREFDAQ 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 (Ma= 1.2V)

RON oDT VXEVIN Vrerpa  VRernd%VDDQ)
LOW (mV)  (mV)

34 ohms 600 900 75%
34 Ohns 40o0hms 550 875 73%
48.o0hms 500 850 71%
60 ohms 435 815 68%
80ohms 360 780 65%
1200hms 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 72%
80 ohms 450 825 69%
120 ohms 345 770 64%
240 ohms 200 700 58%
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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. déwceis 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 pins 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 magde (Figure4 - VREFCA Voltage
Range.
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Only digital pins can be tested using the CT mode. For the purposes of a tbahnebkeck, 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 devitymssed and the I/O pins
appear as a set of test input and output pins to the external controlling agent.

Additionally, the device will set the internahb_fFDCBO VDDQx 0.5 during CT mode (this

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

- Chip select (CS_n)When 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 festtern 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 maddn normal function.

Table64 - Connectivity Mode Pin Description and Switching Levels

CT Mode Pins Pin Name During Normal Memory Switching Level Notes
Operation
Test Enable TEN CMOS (20%/80%0 1,2
Chip Select CS n VRerca 200mV 3
Testlnput A BA[1:0], BG[1:0], A[9:0], A10/AP, A11, Vrercat 200mV S

A12/BC_n, A13, WE_n/ A14, CAS_n/A
RAS_n, CKE, ACT_n, ODT, CLK_t, CL

PAR
B LDM n/LDBI_n, UDM_n/LDBI_n; VRerogt 200mV 4
DM_n/DBI_n
C ALERT n CMOS20%/80% Wo) 2,5
D RESET n CMOS (20%/80%l 2
Test Output DQ[15:0], UDQS_t, UDQS_c, LDQS t, Vrr+ 100mV 6

LDQS_c; DQS_t, DQS_c
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Notes:

1.

No kW

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

CMOS is a rdib-rail signal with DC HIGH at 80% and DC LOW at 2086 (869UmV for DC

HIGH and 240mV for DC LOW.)

Vrercghould be ¥p2.

Vrerosshould 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 (A1, A6, PAR)

MT1 = XOR (A8, ALERT n, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0, A7, A11)

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 complemeath of

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

AN AN N N S~

12.12.2 Logic Equations for x8 Operation
DQO = MTO 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
DQ8 = IDQO LDQS ¢ = ILDQS._t
DQ9 = IDQ1 UDQS_c = IUDQS 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 tCTECTidVal'he 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 (SB&fresh).

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

initialized and YeFDG@s 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, thatput 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

©2022 Everspin Technologies 112 EMD4EO001GAS2 Revisiod 10/2022
All Rights Reserved



- ERSPIN
PTECHNOLOGIE EMD4EOO1GRS

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[16l8¢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 ACTIVATEhooands 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 acresdifferent 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 ah4)).
2. tRRD_L; ACTIVATEACTIVATE command period (long); applies to consecutive ACTIVATE
commands in the same bank groups (T4 and T10).

"tRRD_S -RRD_L. Séable33 -Command and Address Timifgg 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 thé¢himse 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. ldwever, 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 operatidre (READ or WRITE

has completed.

12.16 REFRESH Command (statl operation)

REFRESH is required for proper DRAM operaktoestore 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 buifénen theREFRESH
commandis issued and MR3[8]=1, the Refresh command executes acgeration ofall
banks by movinghe contents of each page buffer in each bank into the persisteemory
array to guarantee persistence. If the REFRESH command is issubtR3{@] = 0 refresh
does not perform a storef all banksoperationand is ignoredtRFCmin must meet tST
timing. The store operation camse bank staggerin@geeTlable65 “Bank3aggeringTime)

to amortize power usage over time.
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