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METSOD

Feature

Supports Serial Peripheral Interface with Mode 0
and Mode 3

- Single SPI (1-1-1, 1-1-2, 1-2-2, 1-1-4, 1-4-4)

- Dual SPI (2-2-2)

- Quad SPI (4-4-4)

Operating Frequency

- Single Data Rates (SDR) : 108MHz

- Double Data Rates (DDR) : 54MHz
Supports XIP for read and write operations
Fast write time and single byte writable
Data protection

- WP pin write protection

- Block lock protection

Nonvolatile status and configuration registers
Identification

- 64-bit unique ID

- 64-bit serial number - user writable

Augmented 256-byte nonvolatile-area
- Read and write with user-protection

Deep power down for low-power

Supports JEDEC reset

1Mb~16Mb SPI MRAM
S3Axx04x0M

Memory cell : STT-MRAM

Density
- 16Mb, 8Mb, 4Mb, 2Mb and 1Mb

Data Integrity : No external ECC required

Data Endurance
- Unlimited read cycle
- 10 write cycles

Data Retention
- 10 years at 85°C

Single Power Supply Operation
- S3Axx04VOM: 2.70V~3.60V
- S3Axx04R0M: 1.71V~1.98V

Operating Temperature Range
- Commercial Temperature : 0°C to 70°C
- Industrial Temperature : -40°C to 85°C

RoHS compliant packages
- 8pad WSON (5.0mm x 6.0mm)
- 8pin SOIC (150mil)

Performance
Typical Values
Operation Units
1.8V(S3Axx04R0M) 3.3V(S3Axx04V0M)

Frequency(SDR) 108 (Max.) MHz
Frequency(DDR) 54 (Max.) MHz
Standby Current 280 330 HA
Deep Power Down Current 25 80 HA
Active Read Current (4-4-4) SDR @108MHz 8 11 mA
Active Write Current (4-4-4) SDR @108MHz 21 24 mA

Rev. 1.3 Oct. 2023

Netsol Corporation Proprietary



("’__D 1Mb~16Mb SPI MRAM
E Tso S3Axx04x0M

Table of contents

FRATUIE ... etttk e e s h e et E et et e et n e 2
PEIFOFIMANCE ..ottt et e e 1ot e et e e e b e e et e e st e e et e e et e e et e e e eateeenbeeeebaeeebeeenaneas 2
Table Of CONEENES ...t e e s e et e e st e e et e e sabe e s ebaeesraaeans 3
GeNEIral DESCHIPLION ..o et e ettt e e e et e e e st e e e e et e e e e et re e e e saraeeaeaans 7
Figure 1 : FUNCEiONAl BIOCK DIBGIAM ........eiiiiiiiiiiiie ettt ettt ettt b et be e bt sbe e e ebe e e s bb e e sb b e e sbeeenbbeesaneenaneen 7
Package Pin ConfIGUIation ...ttt eneas 8
LT[ A oo To 11 | PP SOOPPPPPN 8
PN DESCHIPUION. .. ... et e e e e et e e e e bt e e e et b e e e e e ab e e e e e st eeeesanbaeeeeanreas 8
=] o) [ R o T =T ol T o OO TP PR ORI 8
Power On/Off SEQUENCE : 3.3V DRVICE ........ccvveiiiiiie ettt et e e et e e st e e e et ae e e enees 9
Figure 3 : Power-up/down Behavior : 3.3V DEVICE .......ccuiiiiiiiiie ittt ettt e e saeesnte e st esnaeeateesnbeesnteeennee s 9
Table 2 : Power Up/DoWn TiMING = 3.3V DBVICE .......uiiiiiiiiieiiie ettt sttt sttt sttt e e 9
Power On/Off Sequence : 1.8V D@VICE ...............oooiiiiiii et 10
Figure 4 : Power-up/down Behavior : 1.8V DEVICE .......ccuiiiiiiiiieiiie e see ettt et e snae e sna e e snaeessbeennneennes 10
Table 3 : Power Up/Down TiMiNG — 1.8V DEVICE .......uveiiiiiiieiiie it ste sttt ste e teestte e sreeesnaeesnteesnbeessaeessbeeanseenneeeas 10
MemOry OFganiZation ..o ettt et e e et e e te e e ante e e atee e enteeenees 11
IMEMORY IMAP ...ttt et e oottt oo bt e ook bt e e ea ket e o4 s et e e eh bt e e e b et e e b b et e e an b b e e e e b e e e e e nn b e e e e et e e e nne 11
LI o (S A 1= 40 To T Y 1 =T o TP P ORI UPPRURRPN 11
AUGMENTED 256-BYTE AREAIMAP ...ttt h et a et s bbbt s ket e nb bt e e hb e e nb e san e neb e nene e e 11
Table 5 : Augmented 256-BYte ArEa MaAP .......uieiiiiiiie ettt e st s e e st e e ra e nnt e e arae e b e e anreennre e 11
REGISTER ADDRESS IMAP ..ottt ettt ettt ettt e ekt e oo bt e e e b et e e b bt e e e sttt e e s s b et e e e b b et e e s et e e st e e e enne e e e nanes 11
TabIE 6 1 REGISTEr AUTIESS ..ottt ettt st h e h bt s bt e s e bt e s b bt e eb bt e eh b e e shb e e sabeesab e e shbeenbbeesnbeennbeeas 11
INStruction COMMANA St ...ttt re e 12
Table 7 1 CoNtrol INSEFUCHION SEL..........i ittt b e bt e sb e e bt et e enbeeneenreenbeenteas 12
Table 8 : Read Register INSLFUCKION S ........ciuii ittt e e st e e steeesaeeesreeesabeessaeesnbeeanseessreens 12
Table 9 : Write Register INSErUCHION SEL........oouiiiiiiiiii ettt b e sab e saae e stb e snreenane e 13
Table 10 : Read Memory Array INSErUCHION SEL.......couiiiiiiii bbb 13
Table 11 : Write Memory Array INSLIUCHION SEL.........ccuiiiiii ettt eaaee e 14
Table 12 : Augmented 256-Byte Area INSTrUCHON SEL.........cuiiiiiiiiiie et e s 14
RegiSter DESCHIPLION ... ettt e et e e et e e re e e ente e e nteeeeneeeennes 15
STATUS REGISTER / DEVICE PROTECTION REGISTER............cuuttiiiieeiiiiiitiieieeeeeeeeittee e e e e e e e etabbaaeeeeeeseeaatbeeeeeeeeesntbaeeeeeeessnranes 15
Table 13 : Status Register-Data PrOtECHION ............ooiiiiiiiiiiie ittt st st ae e seb e snbeenine e 15
WRITE PROTECTION IMODES .........ooiiiiiiiiiii ittt et e et e e ettt e e e st e e e et e e s et e e s an et e e s s e e e e enre e e e nann e e e s nree s 15
Table 14 : Write ProteCtion MOGES ...........oou ittt ettt e st e e sae e saeebe et e enteeneesneesaeeneeas 16
BLOCK PROTECTION IMODES...........oiiiiiiiiiiiiiie ettt sttt et e et e e ettt e et e e s e e e ekt e e e et e e e s e e e e s et e e e ann e e e st e e e nene e e e nenes 16
Table 15 : Block Protection Address Range SEIECHION ...........coiiuiiiiiiiiieiiie et 16
AUGMENTED 256-BYTE AREA PROTECTION .......ccciiuuiiiiiitiieiititeeaatttteeaitete e sttt e e aatb et e e aabe e e e sabb e e e ebb et e s aabe e e e ssbb e e e e anbb e e e annneeesnreeas 17
Table 16 : Augmented 256-Byte Area Protection Register — Read and WIte ...........ccoiiiiiiiiiiiiice e 17
CONFIGURATION REGISTER 1 (READ /WRITE) .........oiiiiiiiiiitiiitieitie it et et sttt e ste e et et ene e et e eteebeeneeeseeaneesaeesaeeaneenneenneenee e 17
Table 17 : Configuration Register 1 — Read and W ..........ci i 17
CONFIGURATION REGISTER 2 (READ /WRITE) ........coiiiiiiiiiiiiiieiieeiitiesiteesiteessteessteesateessbeeanteesnbeeambeessbeeanbeesnbeeebeeebeeeneeeteas 18
Table 18 : Configuration Register 2 — Read and WL ..........coiiiiiiiiiiie e 18
Table 19 : Read Latency Cycles vs. Maximum Frequency (MemOry Ar€a) .........cccueieeieeieeiieiie e s e e seee e sieeneeas 19
Table 20 : Read Latency Cycles vs. Maximum Frequency (Augmented 256-Byte Area)..........ccoovveiveiiiiniienieneeneeens 19
Table 21 : Latency Cycles vs. Maximum Frequency (Read Any Register INStruCtion) ...........cccovevveiiinniiinienniie e 19
CONFIGURATION REGISTER 3 (READ/WRITE) .........ooiiuiiiiiiiiiiieiitieiitiesiteesitee st e st esateess e e snteesnbeeambeesnbeeanbeesnbeeebeeabeeeneeeteas 20
Table 22 : Configuration Register 3 — Read and WHEE...........ooiiiiii it 20
CONFIGURATION REGISTER 4 (READ /WRITE) .........eiiiiiiiititiiitieateeatee e ettt e teeseeesteenee e eeameeeseesaeeteeneeeneeaneeaaeeaneeaneeneeenseaneenes 21
Table 23 : Configuration Register 4 — Read and WIIEE............coiiiiiiie et neeas 21
DEVICE IDENTIFICATION REGISTER (READ ONLY) ......ooiiiiiiiiiiiiiii it ettt e et e et e e e e te e e e s b e e e e tta e e e aae e e e s bbeeeeanreeeeennes 22

Rev. 1.3 Oct. 2023 3 Netsol Corporation Proprietary



(""__D 1Mb~16Mb SPI MRAM
E Tso S3Axx04x0M

Table 24 : Device Identification Register — REad ONIY ..........oi oottt eeee e neeas 22
SERIAL NUMBER REGISTER (READ/WRITE) ........coiuiiiitiiititiiitiaiittesitie st e sttt e st e et e e bt e as bt e et e e s st e e eabe e s st e e aabe e st et ebe e e nbeeebeeeteas 22
Table 25 : Serial Number Register — Read @and WIHEE.........c.viiiiiiee ettt e 22
UNIQUE IDENTIFICATION REGISTER (READ OINLY) ......oooiiiiiiiiiiiiiii ittt ettt e e e et e e st e e e e at e e e ear e e e s etbeeeeanteeeeennes 22
Table 26 : Unique ID Register — REAA ONIY .......c.c.oiiiiiiiiiiiieiie ettt esnreenene e 22
DEVICE OPIAtION ..ottt e e e e e et e e e e et e e e e et e e e e et e e e e e br e e e e abr e e e e abaeeeeanres 23
GENERAL OPERATION .......ooiiiitiiiiiitieeittteessitteeeatteeessteeeeasbeeesaatteeeaabe e e e asbe e e e aate e e e e s be e e e amb e e e e ambe e e e e asbeeeeasbbeeeaanbeeesnnbeeeeantreeens 23
() o N O Ko T Q1 (o] o) =L PP PPOTPRPTTRRN 23
FIGQUIE 5 1 SPI CIOCK MOGES .......oeiiieiiee ettt e et e et e e et e e e ettt e e e e ta e e e e sabeeeeasbaeeesasaeessabaeeeantaeeens 23
SPIINTERFACE IMODES ...........uiiiiiiiiii et e s ittee e ettt e e ettt e e et teee e ettt e e e asteeaeasseee e e seeee e s seeeeasteeeeanseeeesssneeeasseeeeansseeeeansaeeennseeeenns 24
Table 27 : Pin Assignment / INterface MOAES ............oiiiiiiiii ettt sttt e et e ne e e e saeesteenneeneas 24
MSB/LSB LOCATION IN DATA BITS ......uuuiiiiiiiiiiiutteieeeeesiiettttetseessaaissteetseeesaasstesteaeesssaasbaaaeeseessaassassaseseessasstaeseeessessssrraneeeeas 25
Figure 6 : LOCation Of MSB @Nd LSB ...........oooiiuiiiiiiiie ettt ettt e et e e e et e e e e ta e e e s etb e e e e estaeeesabeeeesabaeeeanbaeeens 25
Figure 7 : MSB and LSB in DSPI @Nd QSPL.........coiiiiiiieiiie ettt et e st e et e et e st eateesteeeneeesteaenneeeneeas 25
DATA RATE (SDR/DDR) ...ttt ettt bttt ettt ekt ekt ekt e ket e bt e e ket e ket oo b bt e eh b e e ebb e e shbeenbbeeabbeenbbeennbeennbeens 26
Figure 8 : Description Of SDR INSEIUCEION TYPE ... .cuiiiiieieiiieetieiteeite ettt sttt et et e et e e et e steesaeeeeeneeaneesneeaneenas 26
Figure 9 : Description of DDR INSEFUCHION TYPE ..oiuviiiiiiiiieiiiesiieciee sttt et e et e et e et et e et e e staeasee e steeanneeesseaenneeenseas 26
INSTRUCTION STRUCTURE ........ooiiitttteittteesitteteeattteesaseeeesasteeesaseeeesasseeaaastseeeasseeesanseeeeassseeesasseeesansaeeeantseeeaasseeesanseeeeanseeeenns 27
Figure 10 : Description of command followed by Address (SSIP MOE) ..........cccvuviiiiiiieiiie e se e 27
READ OPERATION ......c.uuiiiiiiitiieeiitteesttteesasteeesateseessteeasassseeaansseeesssteeeeasseeeaansseeeassseeeeasteeeeanseeeeessaeeeanseeeeeanneaeesnsaeeennseeeennnes 27
Figure 11 : Description of Read Operation (SSIP MOAE) ..........ccueiuieiuieieiieeieeiee sttt eee et e seee st et e e seeeeeaneesneesneenas 27
WWRITE OPERATION ......coiiiuuiiiiiititaaittteeaatetaesutteeeaatteeesasseeeeanseeeeasteeeeamseeeeaaseeeeasteeeeameeeeeanseeeeaasbeeeeamseeeessbeeeeanteeeeanneeaesnneeas 28
Figurel2 : Description of Write Operation (SSPI MOAE)........c.cciuiiiiiiiiiiesie ettt ste e sae et e e snaeessbeennneeneeas 28
XIP (EXECUTE INPLACE) OPERATION .........ocoiuiiiiiiitiiiiiiieeeeitieee e ettt e eeeteeeeeeateeeeeataeeeaasaeeeeeaseeeeesseeeeaasseeeesabaeaeasbeeeansseeeeansenas 28
Figure 13 : Description of Read Operation with XIP (SSIP MOAE)........ccueiiiiiriiiiieei e ee et 28
CONTINUING READ /WRITE .........oooiiiiiiiiiiiiiiee e e e e ettt e e e e e e ettt e e e e e e ettt e et e e eeeeeetbbaeeeeeeeeeaabasaeeeeeeseeaatbeseeeeeeeanstbaseeaeeesannsenees 29
Figure 14 : Description of Continuing Read Operation (SSIP MOAE) ........cccoiiieiiiiiie e 29
Figure 15 : Description of Continuing Write Operation (SSIP MOGE)........ccccoiuiiiiiiiiie e te e e e 29
DEEP POWER DOWN IMODES ........ccoiiiiiiiiiiiie i ettt et e e e ettt e e e e e e ettt e e e e e e e atba et e e e e e e e nsba et eeaee e e s sbbeseeaaeesaansnsbeeeaeeseannntbaeeaaens 30
Figure 16 : Entering Deep Power Down Mode (SSIP MOGE) .......coiuiiiiiiiiieiiie ettt 30
Figure 17 : Exit Deep Power DOWN MOde DY CS.......ccuiiiiiiii ettt ettt et et 30
Figure 18 : Exit Deep Power Down Mode by SPT COMMANG ........cooiiiiiiiiiiiiiie ettt 31
SOFTWARE RESET........ciiiiiiiiiititteiitt e e ettt e e sttt e e e tteeesaateeaesstaee e e seeeeassseeeeasteeeeansee e e e s seeeeantseeeansseeeessaeeeansseeeanssaaesnnnaeeeanseeeenns 31
Figure 19 : SOftWare RESEE TMING.......ciceeiiiiiiie ettt see et e s e et e e st e e bt e e steeesbeeesteeeabeeesseeeasbeesseeessbeeaneeensbeennseenses 31
] 0 L O 2T = SRR 32
Figure 20 : JEDEC Reset Operation TiMING ........coouiiiieiiiieiiie ittt ettt sttt ettt et e st e e ne e e beaeneeeteas 32
Table 28 : JEDEC Reset Operation & TimiNg : 3.3V DEVICE........ciiuiiiiieiiieiiee ittt sire e 32
Table 29 : JEDEC Reset Operation & TimiNg : 1.8V DEVICE........cciiuiiiiiiiiieiiie ettt sae e 32
Electrical SPecCifiCations ............ ..ot 33
ABSOLUTE MAXIMUM RATINGS ......ccitiiiiiiiiiieitiie e ittt e ettt e e sttt e e ettt e s sttt e e s aat e e e e s beeeeamteeeeanseeeeeantee e e emsaeeessbeeeeanteeeeanneeaesnneens 33
Table 30 : Absolute MaximumM RAEINGS .........coiuiiiiii ettt s b b e e bt s bb e e sab e e sabeesbbeesnbeesineens 33
ENDURANCE, RETENTION AND MAGNETIC IMMUNITY .........oiiiiiiiiiiiiiiiiiiii e e e e e ettt e e e e e st e e e e e e s sstb e e e e e e s s e ssntaeeeeeeseesnsbaeaeeeas 33
Table 31 : Endurance, Retention and Magnetic IMMUNILY ........cooiiiiii e 33
RECOMMENDED OPERATING CONDITIONS ........ccciuutteittitatiutteeaaauateesaueeaeaaseeeeaasseeeasseeeaaseeeesanseeaesnseeeeaasseeseanneeeesnsseeesnsseeessnnes 34
Table 32 : Recommended Operating CONAItIONS ............ei ittt sttt et e et e e e st e sreesae e e 34
L2 V07,17 .Yoi n /.Y N =3P EPR PP 34
LI o (SR KO A o1 [ 0= o = ol =] o Lol T PSPPSR PRSP 34
AC TEST CONDITION .....ccuuuiiiiititeeatteeeaaueeteesteeaeaaseeeeaaneeeeeanneeeeaaseeeeaamseeeesasseeeaseeeeeamseeeeansseeeanseeeesamsaeeeansseeeeanseeeeannseaesnnneens 34
Table 34 1 AC TESE CONAILIONS ... .vveiiieiiie et e sttt se et e st e e st e e sst e e s steesaeeesraeessseesseaesssee st eeessbaesnsaesnseesnaeensseeanseenneeens 34
[0 O 0117127 Yoy 4 =123 5y o (ol TP 35
Table 35 : DC CharacteriStiCs 1 3.3V DBVICE .......cuuiie ittt ettt e e e st e e e et e e e ebe e e e s bt eeeentaeeeenees 35
[ OF 01,717 Yot 4 1§ (=) o (ol EPR PR 36
Table 36 : DC CharacteriStiCS i 1.8V DEVICE .......cccuiiiiieeiee st ee et s e s te e st e s e e st e e s taess e e srteessbaesntaessbeessaeessbeesnseenseeeas 36
AC TIMING CHARACTERISTICS ......ccittiteeiuuetaasuteeaeaateeeesaneeeeeanseeeeaasaeeeaanseeaesasseeeaasteeeeanseeeesnsseaeaansseeesnsaeaessseeeeansseeeannseeesnneeens 37
Figure 21 : Synchronous Input TimiNg (SDR/DDR) ..........ciiiiiaiieiiee ettt et e et e e e saeeseeeeeeneeeneeeneenas 37
Figure 22 : Synchronous Data Output Timing (SDR/DDR) .........ccueiiiiiiiii ittt e et e e e ervee e e aaae e 37
Figure 23 : WP OPEration TiMING ........oioieiiiiiiiie ettt ettt ettt ettt ekt e ettt be e e bt e sbe e e kb e e sae e e sbb e e sbneenbbeenaneenanas 37
o U A O o e o T 44T T SR 38
Table 37 : CS High Time after Write Instruction : SDR=108MHz/DDR=54MHzZ ............ccccccoitrireiiiieieeiiie e 38

Rev. 1.3 Oct. 2023 4 Netsol Corporation Proprietary



(""__D 1Mb~16Mb SPI MRAM
E Tso S3Axx04x0M

Table 38 : CS High Time after Write Instruction : SDR=54MHz/DDR=27MHZ ............cccccctritmirartane e eie e see e 38
Table 39 : CS High Time after Register/Augmented 256-Byte Area Write INStruCtion ............ccccceevvieviii v 38
AC TIMING PARAMETERS. ...ttt iitttiitttattt et ettt e st e e st e ste e e be e et et e b et e ebe e e b et e ket e b et e b et e b et e be e e bt e e b e e e b et e be e ettt e nbe e e beeenneeete s 39
Table 40 : AC TIMING PAramEEE ........ooiiiiiii ittt s bt e st et eeabe e sbe e et e e snbeeannee s 39
Thermal RESISEANCE .............oooiiii bbbttt 40
Table 41 : Thermal RESISTANCE.........cuiiiiie ettt et e e e st e e esbeees bt e enbeeesbeesnbeeasbeeanbeeanteeanneeas 40
Timing Description of INStruction Sets...............ccciiiiiii e 41
Figure 25 : Timing Description of 1-0-0 INStrUCHION TYPE ....ccueeiiieiiiiiiee ettt e e sne e e 41
Figure 26 : Timing Description of 1-0-1 Instruction Type (REAA)........ccouiiirieriiiie et 41
Figure 27 : Timing Description of 1-0-1 Instruction TYPe (WIEE) .......eeuiiiiiii et 41
Figure 28 : Timing Description of 1-1-1 Instruction Type (Read without XIP) ..........cccccooiiiiiiiiiii e 42
Figure 29 : Timing Description of 1-1-1 Instruction TYPe (WILE) ....cccviiiiiiiie ittt 42
Figure 30 : Timing Description of 1-1-1 Augmented 256-byte Area (Read) ...........cooueiieiieirie e 43
Figure 31 : Timing Description of 1-1-1 Augmented 256-byte Area (WIt€) .......ceeveeiieiieieie e 43
Figure 32 : Timing Description of 1-1-1 Any Register Instruction Type (Read).........cccccvrriiririieiienie e 44
Figure 33 : Timing Description of 1-1-1 Any Register Instruction Type (WH) ......ccveveeiiiiiiiie e 44
Figure 34 : Timing Description of 1-1-1 Instruction Type (Read With XIP) .......ccccoiiiiiiiiiiece e 45
Figure 35 : Timing Description of 1-1-1 Instruction Type (Write With XIP)..........cccooiiiiiiiiiii e 45
Figure 36 : Timing Description of 1-1-2 Instruction Type (Read With XIP) .........cccooiiiiiiiiiii e 46
Figure 37 : Timing Description of 1-1-2 Instruction Type (Write With XIP)..........cccooiiiiiiiiiiiie e 46
Figure 38 : Timing Description of 1-2-2 Instruction Type (Read With XIP) ........cccoiiiiiiiiiii e 47
Figure 39 : Timing Description of 1-2-2 Instruction Type (Write With XIP) ........cccoiiiiiiiiiiie e 47
Figure 40 : Timing Description of 1-1-4 Instruction Type (Read With XIP) .........cccoiiiiiiiiiiiiii e 48
Figure 41 : Timing Description of 1-1-4 Instruction Type (Write With XIP)..........cccooiiiiiiiiiiiie e 48
Figure 42 : Timing Description of 1-4-4 Instruction Type (Read With XIP) ........cccoiiiiiiiiiiiiece e 49
Figure 43 : Timing Description of 1-4-4 Instruction Type (Write With XIP) .......ccccoiiiiiiiiiice e 49
Figure 44 : Timing Description of 1-1-1 DDR Instruction Type (Read With XIP) .........cccccoiiiiiiiiiiiiie e 50
Figure 45 : Timing Description of 1-1-1 DDR Instruction Type (Write with XIP)........ccociiiiiiiiieee e 50
Figure 46 : Timing Description of 1-1-2 DDR Instruction Type (Read With XIP) ........ccccoiiiiiiiiiiiiiie e 51
Figure 47 : Timing Description of 1-1-2 DDR Instruction Type (Write With XIP)......ccccociiiiiiiiiiiie e 51
Figure 48 : Timing Description of 1-2-2 DDR Instruction Type (Read With XIP) .........cccccoiiiiiiiiiiie e 52
Figure 49 : Timing Description of 1-2-2 DDR Instruction Type (Write With XIP)......c.ccocviiiiiiiiiiie e 52
Figure 50 : Timing Description of 1-1-4 DDR Instruction Type (Read With XIP) ........ccccciiiiiiiiiiiiiiieiceee e 53
Figure 51 : Timing Description of 1-1-4 DDR Instruction Type (Write with XIP).......ccccooiiiiiiiiiie e 53
Figure 52 : Timing Description of 1-4-4 DDR Instruction Type (Read with XIP) .........ccccviiiiiiiiiiiii e 54
Figure 53 : Timing Description of 1-4-4 DDR Instruction Type (Write With XIP)......ccccccciiiiiiiiiiiie e 54
Figure 54 : Timing Description of 2-0-0 INStrUCION TYPE ...cuviiiii ettt e e 55
Figure 55 : Timing Description of 2-0-2 Instruction Type (R€ad)...........cociiiiiiiiiiiiiii e 55
Figure 56 : Timing Description of 2-0-2 Instruction Type (WIItE) ......ccueiiiiiiiiiiie e 55
Figure 57 : Timing Description of 2-2-2 Any Register Instruction Type (Read)........ccccccvviiiiiviiiiiie e 56
Figure 58 : Timing Description of 2-2-2 Any Register Instruction Type (Write) .......ccoooviiiiiiiiee e 56
Figure 59 : Timing Description of 2-2-2 Instruction Type (Read with XIP) .........cccoiiiiiiiiiii e, 57
Figure 60 : Timing Description of 2-2-2 Instruction Type (Write With XIP) .......cccciiiiiiiiii e 57
Figure 61 : Timing Description of 2-2-2 DDR Instruction Type (Read With XIP) ........cccccoiiiiiiiiiiiiie e 58
Figure 62 : Timing Description of 2-2-2 DDR Instruction Type (Write with XIP)........cocoiiiiii e, 58
Figure 63 : Timing Description of 4-0-0 INStrUCHION TYPE ......oiitiiiiiiiiee et 59
Figure 64 : Timing Description of 4-0-4 Instruction Type (REAA) ........c.oiiiiiiiiiiiieie e 59
Figure 65 : Timing Description of 4-0-4 Instruction TYPe (WHEE) .....ccueiiiiiiiii i 60
Figure 66 : Timing Description of 4-4-4 Any Register Instruction Type (Read).........ccccoeiiiiiiiieiiiiinie e 61
Figure 67 : Timing Description of 4-4-4 Any Register Instruction Type (Writ€) .......ccooiiiiiiiieiiere e 61
Figure 68 : Timing Description of 4-4-4 Instruction Type (Read with XIP) ........ccccoiiiiiiiiiii e, 62
Figure 69 : Timing Description of 4-4-4 Instruction Type (Write with XIP).........cccooiiiiiiiiiiiit e 62
Figure 70 : Timing Description of 4-4-4 DDR Instruction Type (Read With XIP) ........cccccoiiiiiiiiiiiiiiie e 63
Figure 71 : Timing Description of 4-4-4 DDR Instruction Type (Write with XIP)........cccocoiiiiiiiiiii e, 63
Part NUMDEFNG SYSE@M ... ... et e et e e et e e re e e snteeanneeesnteeennes 64
Ordering Part NUMDEES ...ttt e st s e e et e et e e ante e e seeesnaeeenneeenneeeans 65
Table 42 : Ordering Part NUMDEIrS — 3.3V DEVICE ........ooiiiiiie ettt ettt e e st e et e e 65
Table 43 : Ordering Part NUMDEIS — 1.8V 1 DBVICE .......ooiiiiiii ettt e e et e e st e e e eaaee e 65

Rev. 1.3 Oct. 2023 5 Netsol Corporation Proprietary



h 1Mb~16Mb SPI MRAM
ETSO

S3Axx04x0M
Package DIMENSION..............ooiiiiiii et e e et e e e e et e e e e et e e e e et b e e e e ebe e e e e abeeeesabaeeeeanees 66
8=CONTACT WSION BXSMM. ...ttt itiie et et e et e e et e e e st e e s taeeeeasteeeeanseeeesaseeeeaastaeeeansaeeesnseeeeasseeeeannseeesnnsnnenns 66
SPIN SOIC — I5OMIL.......ciiuiiiiiiiiiie ittt ettt ettt e ettt e e ettt e e aabe e e e s bb e e e e bbb e e e aate e e e aabe e e e e bbe e e e ambeeeeanbeeeeanbeeeeannteeesbbeeenas 67
REVISION HISTOKY ........ooiiiiiii et e e e et e et e e st e e e e ae e e e ate e e abee e snbeeenaes 68

Rev. 1.3 Oct. 2023 6 Netsol Corporation Proprietary



m 1Mb~16Mb SPI MRAM
E Tso S3Axx04x0M

General Description

The device is a Spin-Transfer-Torque Magneto-resistive Random Access Memory (STT-MRAM).
It features a SPI bus interface, XIP(execute-in-place) functionality and hardware/software based data protection mechanisms.
SPI (Serial Peripheral Interface) is a synchronous serial communication interface with command, address and data signals.

It requires less pin counts than parallel interface and is easy to be configured on the system.
The device is offered in density ranging from 1Mbit to 16Mbit.
The device can replace Flash, FeERAM or (nv)SRAM with same functionality and non-volatility.

The device provides various SPI modes to allow options for bandwidth expansion.

SSPI (Single SPI) modes has single(1) pin for command signals.

And user can select an option for how many pin to be allocated to address and data signals among 1 pin, 2 pins or 4 pins.
DSPI (Dual SPI) modes provides dual(2) pins for command, address and data signals.

QSPI (Quad SPI) modes provides quad(4) pins for command, address and data signals.

The device has nonvolatile register bits — status register, configuration register, serial number register, augmented 256 bytes
and protection register for augmented bytes. These register bits are required to be set at least once on power-up after high
temperature solder reflow process.

The device is available in small footprint 8-pad WSON and 8-pin SOIC packages.

These packages are compatible with similar low-power volatile and non-volatile products.
The device is offered with Commercial (0°C to 70°C) and industrial (-40°C to 85°C) operating temperature range.

Figure 1 : Functional Block Diagram

< > Register Block
» | Status | | Device ID |
?s ) Control | Confiauration | | Uniaue ID |
LOgiC | ASA Protection | | Serial Number |
CLK —P> >
SO/I0 —»  gerial
I/0s » Address [—® > MRAM Array
o Interface RegIStel‘ Main Array :2M bytes
WP /IO —»| Augmented Array :256 bytes
Data-in ——@—>
10 Register
S1/10 q Output «Y
Register
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S3Axx04x0M
Package Pin Configuration
Figure 2 : Pinout
8 PAD WSON (Top View) 8 Pin SOIC (Top View)
O Cs |: 1 O 8 :| Vce
[ D @ Vee
so/o[1][_| - 7 | 1003]
SO/I0[1] | 2 7| 103
- D DIE PAD C G
WP/I0[2] [ 3) (6| cx werio[2][ | 3 6| ]CK
Vss | 4 5| si10[0
= [+ (5] swor) vss [ | 4 5 || syio0]

Pin Description

Table 1 : Pin Description

Pin Type Description
Chip Select: When CS is driven Low, read or write operation are initiated.
oS Inout When CS is driven High, the device enters standby mode, and all other input pins
P are ignored and the output pins are tri-stated. CS should be High at power-up to
prevent abnormal write operation. This pin does not have internal pullup resistor.
Clock: In SDR(single data rate) mode, command, address and data inputs are
latched on the rising edge of the clock. Data is output on the falling edge of the
clock.
In DDR(double data rate) mode command is latched on the rising edge of the clock
CLK Input and address and data inputs are latched on the rising and falling edges of the clock.
Similarly, Data is output on both edges of the clock.
The two SPI clock modes are supported as follows.
¢ SPI Mode 0 : SDR and DDR
¢ SPI Mode 3 : SDR only
Write Protect (SSPI/DSPI): Write protects the status register in conjunction with
the WREN bit (SR[1]) of the status register. The writing of status register is protected
WP/I0[2] Input in related with WP and WPEN. See “Table 14 : Write Protection Modes”.
/Bidirectional This pin does not have internal pullups, it cannot be left floating and must be driven.
WP is valid in Single SPI and Dual SPI mode.
I0[2] : The bidirectional I/O in Quad SPI mode.
I0[3] Bidirectional I0[3] : The bidirectional I/O in Quad SPI modes.
SI/10[0] Input SI : The serial input in Single SPI mode.
/Bidirectional I0[0] : The bidirectional I/O in Dual and Quad SPI modes
SO/IO[1] Output SO : The serial data output in Single SPI mode.
/Bidirectional I0[1] : The bidirectional in Dual and Quad SPI modes.
Vcc Supply Power pin
Vss Supply Ground pin
DIE PAD - DIE PAD on the bottom of WSON package should be connected to VSS or floating.

Rev. 1.3 Oct. 2023
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m 1Mb~16Mb SPI MRAM
E TSO S3Axx04x0M

Power On/Off Sequence : 3.3V Device

«  When power-up, power-down or power-loss, CS must follow Vcc to provide data protection.
+ Itis recommended that CS must follow Vcc when Vcc is below Vec(minimum) and during tey.
« A 10KQ pull-up resistor between Vcc and CS pin is recommended.

«  Normal operation must start after tpy.

Figure 3 : Power-up/down Behavior : 3.3V Device

Voltage
A Normal
t t Operation
Vee(max) f--...f_R_____Elf _______ . o ————T S —
Vee(min) frmmmmmmmmmm i N e
Vpwd(max) [----fF--=---=--mmmm oo\
oV .
Time
Table 2 : Power Up/Down Timing — 3.3V Device
Parameter Symbol Min Max Units
Vcc Range Vcc 2.7 3.6 \
Vcc rising time tor 30 - ps/V
Vcc falling time tor) 30 - ps/V
Vce(min) to CS Low (first instruction) time tpyV 2.0 - ms
Ve needed to below Vpwd for ensuring initialization will occur Veup™ - 1.6 v

Notes:
1: These parameters are guaranteed by characterization; not tested in production.
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Power On/Off Sequence : 1.8V Device

«  When power-up, power-down or power-loss, CS must follow Vcc to provide data protection.
+ Itis recommended that CS must follow Vcc when Vcc is below Vec(minimum) and during tey.
« A 10KQ pull-up resistor between Vcc and CS pin is recommended.

«  Software reset operation is required after tpy.

* Normal operation must start after tsgsr.

Figure 4 : Power-up/down Behavior : 1.8V Device

Software reset

VoIE?ge instruction Normal
veo(max) te . ty o trsr R Operation s
Vee(min) f--mmmmmmmmme oo e e ISERREREEEEEEE Rt
Vpwd(max) [----f~-======mmmmm s\
ov
Table 3 : Power Up/Down Timing — 1.8V Device
Parameter Symbol Min Max Units
Vcc Range Vcc 1.71 1.98 Vv
Vcc rising time tor 30 - ps/V
Vcc falling time tor) 30 - ps/V
Vce(min) to CS Low (first instruction) time tpy ) 2.0 - ms
Ve needed to below Vpwd for ensuring initialization will occur Veup™” - 0.8 v
Software Reset Time ) 2.0 - ms
Notes:

1: These parameters are guaranteed by characterization; not tested in production.
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Memory Organization

1Mb~16Mb SPI MRAM
S3Axx04x0M

Memory Map
Table 4 : Memory Map
Density Address Range 24-bit Address [23:0]
1Mb 000000h — 01FFFFh [23:17] - Logic *0’ [16:0] — Addressable
2Mb 000000h — O3FFFFh [23:18] — Logic ‘0’ [17:0] — Addressable
4Mb 000000h — O7FFFFh [23:19] - Logic ‘0’ [18:0] — Addressable
8Mb 000000h — OFFFFFh [23:20] - Logic ‘0’ [19:0] — Addressable
16Mb 000000h — 1FFFFFh [23:21] — Logic ‘0’ [20:0] — Addressable

Augmented 256-Byte Area Map

Table 5 : Augmented 256-Byte Area Map

Density Address Range 24-bit Address [23:0]
1Mb~16Mb 000000h — 0000FFh? [23:8] - Logic ‘0’ [7:0] - Addressable
Notes:

1: The augmented 256-byte area is divided into 8 individually readable and writeable sections (32 bytes per section).
After an individual section is written, it can be write protected for each section to prevent further writing.

Register Address Map

The device provides the register read/write instructions to read and write data of each register.
In addition, the device provides the register read and/or write function based on addresses by RDAR(65h)
and WRAR(71h) commands.

Table 6 : Register Address

Register Name Address
Status Register 0x000000h
Configuration Register 1 0x000002h
Configuration Register 2 0x000003h
Configuration Register 3 0x000004h
Configuration Register 4 0x000005h
Device Identification Register 0x000030h
Unique Identification Register 0x000040h
Serial Number Register 0x000080h

Notes:

1: Register address space is different from the memory array and augmented 256-byte area.
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Instruction Command Set

Table 7 : Control Instruction Set

Instruction Name Command o(':_l?)ge I?E;EZE:I;D:{’? XIP 2::: :yat:as Lat:;; csy Frehc’:::hcy

No operation NOOP 00 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Write Enable WREN 06 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Write Disable WRDI 04 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Enable DSPI DPIE 37 1-0-0, 4-0-0 SDR 108MHz
Enable QSPI QPIE 38 1-0-0, 2-0-0 SDR 108MHz
Enable SSPI SPIE FF 2-0-0, 4-0-0 SDR 108MHz
Enter Deep Power Down DPDE B9 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Exit Deep Power Down DPDX AB 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Software Reset Enable SRTE 66 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Software Reset* SRST 99 1-0-0, 2-0-0, 4-0-0 SDR 108MHz
Notes:

1: Software Reset (SRST) requires Software Reset Enable (SRTE) implemented in advance.
2: SSPI mode is enabled after power-on, software reset or JEDEC reset.

Table 8 : Read Register Instruction Set

Dat

Instruction Name Con‘:jman O(|I:.Iceo):i)e I?(E.:Ilréa-(l:\ele);ﬁe );I R:t :\f‘tfaas I-atyem: Fr(l:(lqau):nc
ata) e Cycles Yy
Read Status Register RDSR 05 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Read Configuration Register 1 RDC1 35 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Read Configuration Register 2 RDC2 3F 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Read Configuration Register 3 RDC3 44 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Read Configuration Register 4 RDC4 45 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Fl{,egf’ 3C,°:ﬁ9“rati°“ Register RDCX 46 | 1-0-1,2-0-2, 4-0-4 SDR | 4 108MHz
Read Device ID RDID 9F 1-0-1, 2-0-2, 4-0-4 SDR 4 108MHz
Read Unique ID RUID 4C 1-0-1, 2-0-2, 4-0-4 SDR 8 54MHz
Read Serial Number Register RDSN C3 1-0-1, 2-0-2, 4-0-4 SDR 8 108MHz
Ef:t‘l Q;:)%m;er‘gtgi'efSG'byte RDAP 14 | 1-0-1, 2-0-2, 4-0-4 SDR | 1 108MHz
gae:‘g dA”y Register - Address RDAR 65 1-1-1, 2-2-2, 4-4-4 SDR | 1,48 0 108MHz
Notes:

1. Registers do not wrap data during reads. Reading beyond the specified number of bytes will yield indeterminate data.
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Table 9 : Write Register Instruction Set

Interface Type
Instruction Name Command Q[LEILE (CMD-ADDR- XIP 251z | BE1z) | BELEEG] CHE
(Hex) Data) Rate | Bytes | Cycles | Frequency
Write Status Register WRSR 01 1-0-1, 2-0-2, 4-0-4 SDR 1 108MHz
Write Configuration WRCX 87 | 1-0-1, 2-0-2, 4-0-4 SDR | 4 108MHz
Registers 1, 2, 3, 4
Write Serial Number WRSN 2 | 1-0-1, 2-0-2, 4-0-4 SDR | 8 108MHz
Register
Write Augmented 256-byte | 0 1p 1A | 1-0-1, 2-0-2, 4-0-4 SDR | 1 108MHz
Protection Register
Write Any Register - WRAR 71 | 1-1-1, 2-2-2, 4-4-4 SDR | 1,8 108MHz
Address Based

Notes:
1. Write Enable (WREN) should be implemented in advance of Write Register Instruction set regardless of CR4[1:0] setting.
2. The WREN prerequisite for write operation of memory array and augmented 256-byte area is described in Configuration

Register 4.
Table 10 : Read Memory Array Instruction Set
Interface Type
Instruction Name Command Q[LEIEE (CMD-ADDR- XIP DB | DELE | ey i
(Hex) Data) Rate | Bytes | Cycles | Frequency

Read Memory Array - SDR READ 03 1-1-1 SDR | 1> 54MHz
;aDSFE Read Memory Array - RDFT 0B | 1-1-1,2-22,44-4 | O | SDR | 1> 0 108MHz
Ealjé Read Memory Array - DRFR 0D | 1-1-1,2-2-2,4-44 | O | DDR | 1500 0 54MHz
Read Dual Output Memory | ppnyq 3B 1-1-2 0 | SDR | 150 0 108MHz
Array - SDR
Read Dual Output Memory | popyq 3D 1-1-2 0 | DDR | 190 0 54MHz
Array - DDR
Read Quad Output Memory | 6B 1-1-4 0 | SDR | 150 0 108MHz
Array - SDR
Read Quad Output Memory .
Array ~ DDR DRQO 6D 1-1-4 O | DDR | 1> o] 54MHz
Read Dual I/O Memory .
Read - SDR RDDI BB 1-2-2 O | SDR | 1> 0] 108MHz
Read Dual I/0 Memory S
Read - DDR DRDI BD 1-2-2 O | DDR | 1> 0 54MHz
Read Quad 1/0 Memory A
Read - SDR RDQI EB 1-4-4 O | SDR | 1> 0] 108MHz
Read Quad I/0 Memory A
Read - DDR DRQI ED 1-4-4 O | DDR | 1> 0 54MHz
Notes:

1: Read Instruction must include Latency cycles to meet operating frequency.
2: Latency is configurable through Configuration Register 2 (CR2[3:0]) and frequency dependent.
Required latency is described in Configuration Register 2.
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1Mb~16Mb SPI MRAM

S3Axx04x0M
Table 11 : Write Memory Array Instruction Set
Interface Type
Instruction Name Command LELE (CMD-ADDR- XIP el | Phe) | i) i
(Hex) Data) Rate | Bytes | Cycles | Frequency
Write Memory Array - SDR WRTE 02 1-1-1 SDR | 1200 108MHz
g%sé Write Memory Array - WRFT DA | 1-1-1,2-2-2,444 | O | SDR | 1> 108MHz
rast \Write Memory Aay = | prrw DE | 1-1-1,2-22,44-4 | O | DDR | 1>c0 54MHz
Write Dual Input Memory WDUI A2 1-1-2 0 | SDR | 15w 108MHz
Array - SDR
Write Dual Input Memory DWUI A4 1-1-2 O | DDR | 1500 54MHz
Array — DDR
Write Quad Input Memory e
Array - SDR WQDI 32 1-1-4 0 SDR | 1> 108MHz
Write Quad Input Memory e
Array - DDR DWQI 31 1-1-4 0] DDR | 12> 54MHz
Write Dual I/O Memory WDIO AL 1-2-2 0 | SDR | 1500 108MHz
Array - SDR
Write Dual I/0 Memory DWIO A3 1-2-2 O | DDR | 15w 54MHz
Array - DDR
Write Quad I/O Memory 4
Array - SDR WQIO D2 1-4-4 0 SDR | 1200 108MHz
Write Quad I/O Memory 4
Array - DDR DWQO D1 1-4-4 0] DDR | 12> 54MHz
Notes:
1: Write Enable (WREN) for array writing is configurable (Configuration Register 4 — CR4[1:0])
Table 12 : Augmented 256-Byte Area Instruction Set
Interface Type
Instruction Name | Command | 2P€°9® | “(cMp-aDDR- | xip | D3t2 | Data | Latency |  Max.
(Hex) Data) Rate | Bytes | Cycles | Frequency
Read Augmented 256-Byte e 1>
Area - SDR RDAS 4B 1-1-1 SDR 256 (0] 108MHz
Write Augmented 256-Byte e 1>
Area - SDR WRAS 42 1-1-1 SDR 256 108MHz

Notes:

1: The address bits ADDR[23:8] must be Logic ‘0’ for this Instruction.
2: Write Enable (WREN) for array writing is configurable (Configuration Register 4 — CR4[1:0])
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E Tso S3Axx04x0M

Register Description

The device has nonvolatile register bits — status register, configuration register, serial number register, augmented 256-byte
area and protection register for augmented 256-byte area. These register bits are required to be set at least once on
power-up after high temperature solder reflow process.

Status Register / Device Protection Register

The device offers both hardware and software based data protection schemes. Hardware protection is through WP pin.
Software protection is controlled by configuration bits in the Status register. Both schemes inhibit writing to the registers
and memory array. Status Register contains options for enabling/disabling data protection.

By controlling configuration bits in Status Register, user can protect data in memory array based on software protection
schemes.

Table 13 : Status Register-Data Protection

Read/ Default

L) Name Write State

Description

Hardware Based WP Protect Bit

SR[7] WPEN R/W - 1: Protection Enabled — write protects when WP is Low

0: Protection Disabled — Doesn’t write protect when WP is Low
Serial Number Protect Bit

SR[6] SNPEN R/W - 1: Serial Number Write protected

0: Serial Number Writable

Top/Bottom Memory Array Protect Selection

SR[5] B R/W - 1: Bottom Protection Enabled (Lower Address Range)

0: Top Protection Enabled (Higher Address Range)

SR[4] BP[2] R/W -
SR[3] BP[1] R/W - Block Protection Bits
SR[2] BP[0] R/W -

Write Protection Enable
SR[1] WREN R 0 1: Write Operation Protection Disabled
0: Write Operation Protection Enabled

SR[0] RSVD R - Reserved for future use

Notes: SR[7:2] are nonvolatile bits.

Write Protection Modes

WPEN bit (SR[7]) is used in conjunction with the WREN bit (SR[1]) and the WP pin to provide hardware block protection.
SR[7:2] will remain set from the nonvolatile registers whenever the power is on. The WREN bit is volatile and set “1” by
the Write Enable command. It is set to “0” at power up. The device enters hardware protection when the WP input is low
and the Status Register WPEN bit is set to 1, and the status and configuration register bits can not be changed.

The device exits from hardware protection when the WP pin goes high or WPEN bit is set to 0, and the register bits can
be changed.
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S3Axx04x0M
Table 14 : Write Protection Modes
= e Status & Configuration Memory! Array Memory! Array
LERER LA ) Registers Protected Area Unprotected Area
0 X X Protected Protected Protected
1 0 X Unprotected Protected Unprotected
1 1 0 Protected Protected Unprotected
1 1 1 Unprotected Protected Unprotected
Notes:

1: Memory address range protection based on Block Protection Bits

2. X: Don't Care — Can be Logic ‘0’ or ‘1’

3. Protected: Write protected,

Block Protection Modes

The write protection blocks for the memory array are determined by the status register bits (TB and BP[2:0]) as Table 15.
TB and BP[2:0] can be modified by WRSR command when the WP input is high or the Status Register WPEN bit is set to 0O,

and MAPLK(CR1[2]) is set to 0.

Unprotected: Writable

Table 15 : Block Protection Address Range Selection

Protected
TB BP[2] | BP[1] | BP[O] Portion iMb 2Mb 4Mb 8Mb 16Mb
0/1 0 0 0 None None None None None None

0 0 0 1 Upper 1/64 01F800h — 03F000h — 07E000h — OFC000h — 1F8000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

0 0 1 0 Upper 1/32 01F000h — 03E000h — | 07C000h — O0F8000h — 1F0000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

0 0 1 1 Upper 1/16 01E000h — | 03C000h - | 078000h — 0F0000h — 1E0000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

0 1 0 0 Upper 1/8 01C000h — | 038000h — 070000h — 0E0000h — 1C0000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

0 1 0 1 Upper 1/4 018000h — 030000h — 060000h — | 0C0000h — 180000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

0 1 1 0 Upper 1/2 010000h — 020000h — 040000h — 080000h — 100000h —
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh

1 0 0 1 Lower 1/64 000000h — 000000h — 000000h — 000000h — 000000h -
0007FFh 000FFFh 001FFFh 003FFFh 007FFFh

000000h — 000000h — 000000h — 000000h — 000000h -
1 0 1 0 | Llower1/32 | "nooerrh | 001FFFh | O003FFFh | O007FFFh | OOFFFFh

1 0 1 1 Lower 1/16 000000h — 000000h — 000000h — 000000h — 000000h -
001FFFh 003FFFh 007FFFh 00FFFFh 01FFFFh

1 1 0 0 Lower 1/8 000000h — 000000h — 000000h — 000000h — 000000h -
003FFFh 007FFFh 00FFFFh 01FFFFh 03FFFFh

1 1 0 1 Lower 1/4 000000h — 000000h — 000000h — 000000h — 000000h -
007FFFh 00FFFFh 01FFFFh 03FFFFh 07FFFFh

1 1 1 0 Lower 1/2 000000h — 000000h — 000000h — 000000h — 000000h -
00FFFFh 01FFFFh 03FFFFh 07FFFFh OFFFFFh

0/1 1 1 1 All 000000h — 000000h — 000000h — 000000h — 000000h -
01FFFFh 03FFFFh 07FFFFh OFFFFFh 1FFFFFh
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Augmented 256-Byte Area Protection

Augmented 256-Byte Area Protection register contains options for enabling/disabling data protection for eight 32-byte

sections.
Table 16 : Augmented 256-Byte Area Protection Register — Read and Write
Bits Name Address Range ';;‘;:Z Dsetf:tl: E Description
ASP[7] ASPS[7] 0000EOh — 0000FFh R/W 0
ASP[6] ASPS[6] 0000C0h — 0000DFh R/W 0
ASP[5] ASPS[5] 0000A0h — 0000BFh R/W 0
ASP[4] ASPS[4] 000080h — 00009Fh R/W 0 1: Protection Enabled
ASP[3] ASPS[3] 000060h — 00007Fh R/W 0 0: Protection Disabled
ASP[2] ASPS[2] 000040h — 00005Fh R/W 0
ASP[1] ASPS[1] 000020h — 00003Fh R/W 0
ASP[0] ASPS[0] 000000h — 00001Fh R/W 0

Notes : ASP[7:0] are nonvolatile bits.

Configuration Register 1 (Read/Write)

Configuration Register 1 controls locking/unlocking data protection options set in the Status register.
Once locked, the protection options cannot be changed in the Status register.

Table 17 : Configuration Register 1 — Read and Write

. Read/ Default . .
Bits Name Write State Selection Options

CR1[7] RSVD R/W - Reserved for future use

CR1[6] RSVD R/W - Reserved for future use

CR1[5] RSVD R/W - Reserved for future use

CR1[4] RSVD R/W - Reserved for future use

CR1[3] RSVD R/W - Reserved for future use
Status Register TB, BP[2:0] Protect

CR1[2] MAPLK R/W - 1: Lock TB and BP[2:0]
0: Unlock TB and BP[2:0]

CR1[1] RSVD R/W - Reserved for future use
Augmented 256-Byte Area Data Protection

CR1[0] ASPLK R/W - 1: Write Protection for Augmented Area Data regardless of ASP[7:0]
0: Write Protection for Augmented Area Data depending on ASP[7:0]

Notes : CR1[7:0] are nonvolatile bits.
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Configuration Register 2 (Read/Write)

1Mb~16Mb SPI MRAM
S3Axx04x0M

Configuration Register 2 controls the interface type along with memory array access latency.

Table 18 : Configuration Register 2 — Read and Write

Bits

Name

Read/
Write

Default
State

Description

CR2[7]

RSVD

R/W

Reserved for future use

CR2[6]

QPIEN

Quad SPI (QPI 4-4-4) Interface Mode
1: Quad SPI (QPI 4-4-4) Enabled
0: Single SPI (SPI 1-X-X) Enabled

CR2[5]

RSVD

R/W

It must be written as 0

CR2[4]

DPIEN

Dual SPI (DPI 2-2-2) Interface Mode
1: Dual SPI (DPI 2-2-2) Enabled
0: Single SPI (SPI 1-X-X) Enabled

CR2[3]

RL[3]

CR2[2]

RL[2]

CR2[1]

RL[1]

CR2[0]

RL[0]

R/W

Read Latency Selection Bits : CR2[3:0]
0000: 0 Cycle
0001: 1 Cycle
0010: 2 Cycles
0011: 3 Cycles
0100: 4 Cycles
0101: 5 Cycles
0110: 6 Cycles
0111: 7 Cycles
1000: 8 Cycles
1001: 9 Cycles
1010: 10 Cycles
1011: 11 Cycles
1100: 12 Cycles
1101: 13 Cycles
1110: 14 Cycles
1111: 15 Cycles

Notes:

1. Read Latency is frequency dependent.

2. Read(03h) does not depend on Read latency Selection Bits, CR2[3:0].
3. CR2[7,5,3:0] are nonvolatile bits.
4. CR2[5] must be written as 0
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Table 19 : Read Latency Cycles vs. Maximum Frequency (Memory Area)

Read Type Data Rate XIP Latency Cycles | Max Frequency
1-1-1 (READ 03h) SDR - 0 54MHz
1-1-1 0-15
1-1-2, 1-2-2, 2-2-2 SDR 4-15 108MHz
1-1-4, 1-4-4, 4-4-4 6-15
1-1-1 ° 0-15
1-1-2, 1-2-2, 2-2-2 DDR 4-15 54MHz
1-1-4, 1-4-4, 4-4-4 6-15

Notes:

1. Read(03h) does not depend on Read latency Selection Bits, CR2[3:0]. The latency of Read(03h) is always 0-cycle.

Table 20 : Read Latency Cycles vs. Maximum Frequency (Augmented 256-Byte Area)

Read Type Data Rate XIP Latency Cycles | Max Frequency
1-1-1 (RDAS 4Bh) SDR - 6-15 54MHz
1-1-1 (RDAS 4Bh) SDR - 8-15 108MHz

Table 21 : Latency Cycles vs. Maximum Frequency (Read Any Register Instruction)

Read Type Data Rate XIP Latency Cycles | Max Frequency
1-1-1 (RDAR 65h) SDR - 8 108MHz
2-2-2 (RDAR 65h) SDR - 4 108MHz
4-4-4 (RDAR 65h) SDR - 2 108MHz

Notes:

1. RDAR(65h, read any register instruction) does not depend on Read latency Selection Bits, CR2[3:0].
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Configuration Register 3 (Read/Write)

Configuration Register 3 controls the output driver strength along with the boundary size of read data wrapping.

Table 22 : Configuration Register 3 — Read and Write

Bits Name ';3;‘:4 Description
Output Driver Strength Selection DRV[2:0]
CR3[7] DRV[2] 3.3V 1.8V
000: 369 35Q
001: 100Q 95Q
010: 75Q 63Q
CR3LE] DRV[1] RIW1o11: 600 500
100:  48Q 40Q
101: 41Q 30Q
CR3[5] DRVIO] 110: 299 269
111:  24Q 22Q
Read WRAP Enable
CR3[4] WRPEN R/W 1: Read Wrap Enabled
0: Read Wrap Disabled
CR3[3] RSVD R/W Reserved for future use
Wrap length configuration WRPL[2:0]
CR3[2] WRPL[2] 000: 16-byte wrap
001: 32-byte wrap
010: 64-byte wrap
CR3[1] WRPL[1] R/W 011: 128-byte wrap
100: 256-byte wrap
101: 512-byte wrap
CR3[0] WRPL[0] 110: 1K-byte wrap
111: Reserved

Notes:
1. Default output strength is DRV[2:0]=000.
2. CR3[7:0] are nonvolatile bits.

Description

Read and write operation : continuous mode
Read or write operation starts at the input address, and once the address reaches the maximum
address boundary, it automatically returns to minimum address(000000h) until CS goes to high.

WRPEN(CR3[4])
=Low

Read operations : wrap mode

Read wrap mode is enabled when WRPEN(CR3[4]) is High, and the read data wrap length is
controlled by WRPL[2:0]. The output data starts at the input address, data are output sequentially.
Once it reaches the ending boundary, the output will wrap around to the beginning boundary

WRPEN(CR3[4]) automatically until CS is pulled high.

=High

Write operation : continuous mode
Write operation starts at the input address, and once the address reaches the maximum address
boundary, it automatically returns to minimum address(000000h) until CS goes to high.
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Configuration Register 4 (Read/Write)
Configuration Register 4 controls Write Enable protection (WREN — Status Register) reset functionality during memory

array writingl.
This functionality makes SPI MRAM compatible to other SPI devices.

Table 23 : Configuration Register 4 — Read and Write

Read/ | Default

Write State Selection Options

Bits Name

CR4[7:2] RSVD - Reserved for future use

00: Normal: WREN is prerequisite to all Memory Array and Augmented
) 256-byte Area Write instruction. (WREN is reset after CS goes High)
CR4[1] WRENS[1] 01: SRAM: WREN is not a prerequisite to Memory Array and

R/W Augmented 256-byte Area Write instruction (WREN is ignored)

10: Back-to-Back: WREN is prerequisite to only the first Memory Array
Write or Augmented 256-byte Area instruction. WREN disable

CR4[0] WRENS[0] _ instruction must_ be executed to reset WREN. (WREN does not reset
after CS goes High)
11: Reserved
Notes:

1. Write Enable protection (WREN — Status Register) for Registers is maintained irrespective of the Configuration Register 4
settings. In other words, all register write Instructions require WREN to be set and WREN resets once CS goes High for the
write instruction.

CR4[1:0] only affects the writing for memory and augmented 256-bytes area.

2. CR4[7:0] are nonvolatile bits.
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Device identification register contains Netsol’s Manufacturing ID along with device configuration information.

Table 24 : Device Identification Register — Read Only

Bits Manufacturer ID Device Configuration
Interface Voltage Temperature Density Freq
ID[31:0] ID[31:24]
ID[23:20] ID[19:16] ID[15:12] ID[11:8] ID[7:0]
Manufacturer ID Interface Voltage Temperature Density Frequency
31-24 23-20 19-16 15-12 11-8 7-0
0001 : 1Mb
0001 : 3.3V 0010 : 2Mb
1101 1001 0000 : QSPI 7 0000 : -40°C~85°C 0011 : 4Mb 00000001 : 108MHz
0010: 1.8V :
0100 : 8Mb
0101 : 16Mb

Serial Number Register (Read/Write)

The device provides 64-bits Serial Number register and the user can write it.

Table 25 : Serial Number Register — Read and Write

Bits Name Description Read/ Write State
SN[63:0] SN Serial Number Value R/W User writable
Notes:

1: Serial Number Bits are nonvolatile and user should write the data after solder reflow process.

Unique Identification Register (Read Only)

Unique Identification register contains a number unique to every device.

Table 26 : Unique ID Register — Read Only

. - Read/ . .
Bits Name Description Write Selection Options
. Unique Identification Value stored is written in the factory and is device
UID[63:0] uIb Number Value R specific
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Device Operation

General Operation

Before a instruction is issued, status register should be checked to ensure device is ready for the intended operation.
When correct command is input to this device, it enters active mode and remains in active mode until next CS rising edge.

Do not enter an invalid opcode(except instruction set). When CS goes to high, the device enters standby mode.

All communication between a host and the device is in the form of commands. commands define the operation that
must be executed. Instruction consist of a command followed by an optional address modifier and data transferred.

All command, address and data information is transferred sequentially.

SPI Clock Modes

e The following two SPI clock modes are supported.

- SPI Mode 0 (CPOL = 0, CPHA = 0) — SDR and DDR
- SPI Mode 3 (CPOL = 1, CPHA = 1) — SDR only

Figure 5 : SPI Clock Modes

SPI Mode 0 SPI Mode 3

© XXX © XXX

MSB LSB MSB LSB
Clock stays in low level during idle state Clock stays in high level during idle state
and starts toggling by going high and starts toggling by going low
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SPI Interface Modes

e The device supports 3 categories of SPI interface modes.
- Single SPI (SSPI) : command is transferred through one I/O pin.
1) Address and data are transferred through one pin
2) Address is transferred through one pin, data is transferred through two pins
3) Address is transferred through one pin, data is transferred through four pins
4) Address and data are transferred through two pins
5) Address and data are transferred through four pins

- Dual SPI (DSPI) : All command, address and data are transferred through two I/0 pins.
- Quad SPI (QSPI) modes : All command, address and data are transferred through four I/O pins.

e Nomenclature adoption: A typical SPI instruction consists of command, address and data components.

The bus width to transmit these three components varies based on the SPI interface mode selected.

To accurately represent the number of I/Os used to transmit these three components, a nomenclature
(command-address-data) is adopted and used throughout this document.

Integers placed in the (command-address-data) fields represent the number of I/Os used to transmit the particular
component.

As an example, 1-1-1 means command, address and data are transmitted on a single I/O (SI / IO[0] or SO / IO[1]).

On the other hand, 1-4-4 represents command being sent on a single I/O (SI / I0[0]) and address/data being sent
on four I/Os (I0[3:0]).

Table 27 : Pin Assighment / Interface Modes

Interface Modes

Instruction (Command-Address-Data)
Component SSPI SSPI SSPI DSPI SSPI SSPI QSPI
1-1-1 1-1-2 1-2-2 2-2-2 1-1-4 1-4-4 4-4-4
Command SI/10[0] SI/10[0] SI/I0[0] I0[1:0] SI/I0[0] SI/I0[0] 10[3:0]
Address SI/10[0] SI/10[0] 10[1:0] 10[1:0] SI/10[0] 10[3:0] 10[3:0]
Data Input SI/10[0] I0[1:0] I0[1:0] I0[1:0] 10[3:0] 10[3:0] 10[3:0]
Data Output SO/I0[1] 10[1:0] 10[1:0] 10[1:0] 10[3:0] 10[3:0] 10[3:0]
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MSB/LSB Location in data bits

e The most significant bit(MSB) is placed first at all commands, address and data.

Figure 6 : Location of MSB and LSB

s | [

< > (< >
« o
< High-z

e For Dual SPI and Quad SPI, the order of data bits is alternately decided among the IO pins.

Figure 7 : MSB and LSB in DSPI and QSPI

1) Dual SPI 2) Quad SPI

CLK CLK

4X0
10[0] 6@9 10[0] LSB

1o[1] _A2AL
10[1
A7 X5XY o2

10[3] _ASX3
MSB

5

Y rIryor

e

* Notes;
All commands, Address, XIP and Data follow this order
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Data Rate (SDR/DDR)

¢ In Single Data Rate mode (SDR), command, address and data inputs are latched on the rising edge of the clock.
Data is outputted on the falling edge of the clock.

Figure 8 : Description of SDR Instruction Type

s -

input input output output

Mode 0

CLK : : : P
Mode 1

s s S A
s S X

e In Double Data Rate mode (DDR), command is latched on the rising edge of the clock.
Address and Data inputs are latched on both edges of the clock. Data is output on both edges of the clock.

Figure 9 : Description of DDR Instruction Type

S T

input input input output output
Mode 0
CLK 5 : i ! E
S| Command ' Addéess or Diata

________________________________________________

s | S - -
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Instruction Structure

e Each instruction starts out with an 8-bit command. The command selects the type of operation.
The instruction can be stand alone or followed by address to select a memory location or register.
The address is always 24-bits wide.

Figure 10 : Description of command followed by Address (SSIP mode)
& ]
oK Juduyyyye T T UL

<4——command(8) > < address(24) >

_OOOCO00O XK~

Read Operation

« Read operation starts from pulling CS Low.
8 bits Read command(03h) is transmitted to the device then
24 bit address is following while the first 7 MSB bits of address are don't care.
The device outputs the data at selected address to the SO pin. The read operation can be terminated by pulling CS high.

Figure 11 : Description of Read Operation (SSIP mode)

s | B
ck JUHUUUUUUUL UL JUUUUudduyyL

<4—— command(8) > < address(24)———»

s _OOO0O000 XK~
. <4—— data out(8)———p
s0 —— 00000000
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Write Operation

« Write operation starts from pulling CS Low. 8 bits Write command(02h) is transmitted to the device then 24 bit address
is following while the first 7 MSB bits of address are don't care. The data on the SI pin is written to the device at selected
address. The write operation can be terminated by pulling CS high.

Figurel2 : Description of Write Operation (SSPI mode)

cs | B

c [T UUL JUL  JUududuHUU UL

+— command(S)—bW address(24) » | < data in(8)——»

SO High-Z

* Notes :

In normal operational mode, Write instructions must be preceded by the WREN command.

WREN command sets the WREN bit in the Status register. WREN bit is reset at the end of every Write instruction.
WREN bit can also be reset by executing the WRDI command.

The device offers two other modes, namely SRAM and Back-to-Back Write where WREN does not get reset after a write
instruction to the memory array or the augmented 256-byte area.

These modes are set in Configuration Register 4.

XIP (Execute In Place) Operation

e For read and write operation, the device offers XIP (execute in place) mode.
XIP allows a series of read or write operation without loading individual read or write command for each instruction,

which results in reduced random access time. XIP is enabled by entering byte AXh and disabled by entering any byte
not equal to AXh. These respective bytes must be entered following the address bits.
Read operation with XIP needs extra Read-Latency before data coming out from SO pin.

The latencies are specified in Table 19 : Memory Array Read Latency Cycles vs. Maximum Clock Frequency (with XIP) .

Figure 13 : Description of Read Operation with XIP (SSIP mode)

cs |

cee JUUUOUTOOL L T JIUUTUU T

< command)_> address(24)—p XIP(8)—p> Latency Cycles:
s M ----------------- —
<«4— data out(8—P>|
High-Z
SO T —{ooooond-
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Continuing Read/Write

e The entire memory array can be read from or written to using a single read or write instruction.

After the starting address is entered, subsequent address are internally incremented as long as CS is Low and CLK
continues toggling.

Figure 14 : Description of Continuing Read Operation (SSIP mode)

TS —I CS stays in Low

CLK continues toggling

CLK L s ST

command(8)

<

s 00000000 00t 00—

data out(8) data out(8) data out(8)
 From address[n] _ _ From address[n+1] ~From address[n+m]

hl Ll ]

0 . —(000000000000000 00000000

Next address is automatically incremented

Figure 15 : Description of Continuing Write Operation (SSIP mode)

s —I CS stays in Low

CLK continues toggling

data in(8) data in(8) data in(8)
address[n](24) . . toaddress[n] to address[n+1] to address[n+m)]
< > %

s - 100 100000000000000000 -+

Next address is automatically incremented

command(8)

«

¢ For read operation, the device offers wrap mode. Wrap bursts are confined to address aligned 16/32/64/128/256/512/1K
byte boundary.

The read address can start anywhere within the wrap boundary.
16/32/64/128/256/512/1K wrap configuration is set in Configuration Register 3.
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Deep Power Down Modes

* The device provides Deep Power Down mode. This mode reduces current consumption from ISB to IDPD.
To enter the deep power down mode, CS is driven low, following the enter Deep Power Down (DPDE) command,

CS must be driven high after the eighth bit of the command code has been latched in or the DPDE command will
not be executed.

After CS is driven high, it requires a delay of toppe before the supply current is reduced to IDPD
and the Deep Power Down mode is entered. The command can be issued in SPI, DSPI or QSPI modes.

Figure 16 : Entering Deep Power Down Mode (SSIP mode)

s | .
‘¢——DPDE—p!

CLK

Standby i Deep Power Down

<4— Command ————| > >

High-Z

SO

e There are two ways to exit deep power down mode:

1. Toggling CS with a CS pulse width of tesppp While CLK and 1/0s are Don't Care. During waking up  from deep power down,
I/0s remain to be in high-Z.

Figure 17 : Exit Deep Power Down Mode by CS

¢———tEXDPD———p

—_— id— tCSDP ——p|
CS .
i Standby

«¢———Deep Power Down——p+——-———7—p

ck  JUUUL JUUUUUUL
Si —< Don’t Care

SO

High-Z
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2. Driving CS low follows with the Exit Deep Power Down (EXDPD, ABh) command. CS must be driven high after the eight bit of the
command code has been latched in or the EXDPD command will not executed.

Figure 18 : Exit Deep Power Down Mode by SPI Command

{¢—EXDPD—p

cw JUUUUUUUL

<4—— Command — '
S| Mm . .

Deep Power Down Standby

SO High-Z

e It requires a delay of tgxppp before the device can fully exit the deep power down mode and enter standby mode.
« Status of all non-volatile bits in registers remains unchanged when the device enters or exits the deep power down mode.
e The command can be issued in SPI, DPI, and QPI mode.

Software Reset

Software Reset (SRST) requires Software Reset Enable (SRTE) implemented in advance.

Figure 19 : Software Reset Timing

:q—tSRs_hf
s | |
CLK |
< Command(SRTE)—___» < Command(SRST)
s 0000000000000~

High-Z

SO
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JEDEC Reset

Figure 20 : JEDEC Reset Operation Timing

Device Fully Operational

Cs : : :
CLK | | | | | | |
S| o i i 5
Device F;\_
H RESET !
Reset : :
Table 28 : JEDEC Reset Operation & Timing : 3.3V Device
Parameter Symbol Min. Max. Units
CS Low Time test 0.5 - s
CS High Time tesH 0.5 - us
SI Setup Time (w.r.t CS) tsy 5.0 - ns
SI Hold Time (w.r.t CS) tuo 5.0 - ns
JEDEC Hardware Reset treseT - 300 us
Table 29 : JEDEC Reset Operation & Timing : 1.8V Device
Parameter Symbol Min. Max. Units
CS Low Time test 0.5 - us
cs ngh Time tesh 0.5 - HS
SI Setup Time (w.r.t CS) toy 5.0 - ns
SI Hold Time (w.r.t CS) to 5.0 - ns
JEDEC Hardware Reset tReseT - 2.0 ms
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Electrical Specifications

Absolute Maximum Ratings

Stresses greater that those listed may cause permanent damage to the device.
This is a stress rating only. Exposure to maximum rating for extended periods may adversely affect reliability.

Table 30 : Absolute Maximum Ratings

Parameter Min. Max. Units

Voltage on Vcc Supply Relative to VSS : 3.3V Device -0.5 3.8 \
Voltage on Any Pin relative to VSS : 3.3V Device -0.5 3.8 \
Voltage on Vcc Supply Relative to VSS : 1.8V Device -0.5 2.35 \
Voltage on Any Pin relative to VSS : 1.8V Device -0.5 2.35 \
Storage Temperature -55 150 °C
Operating Ambient Temperature -40 85 °C
ESD HBM (Human Body Model) > 2000 V| \
ESD CDM (Charged Device Model) > |500 V| \

JEDEC J-STD-020 reflow profiles

- Peak temperature < 260°C
Solder Reflow Process - The time zbove 255°C < 30 seconds

- Reflow cycles < 3 times

Endurance, Retention and Magnetic Immunity

Table 31 : Endurance, Retention and Magnetic Immunity

Parameter Conditions Min. Max. Units
Write Endurance -25°C 104 - cycles
Data Retention 85°C 10 - years
Magnetic Field During Write or Read - - 24,000 A/m
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Recommended Operating Conditions

Table 32 : Recommended Operating Conditions

Parameter / Condition Min. Typ. Max. Units
. Commercial 0 25 70 °C
Operating Temperature -
Industrial -40 25 85 °C
Vcc Supply Voltage : 3.3V Device 2.7 3.3 3.6 \"
Vcc Supply Voltage : 1.8V Device 1.71 1.8 1.98 \"
Vss Supply Voltage 0.0 0.0 0.0 Vv
Pin Capacitance
Table 33 : Pin Capacitance
Parameter Conditions Typ. Max. Units
Input Pin Capacitance TEMP = 25°C; f = 1 MHz; Vi = OV - 4 pF
Input/Output Pin Capacitance TEMP = 25°C; f = 1 MHz; Vy0 = OV - 6 pF
Note : Capacitance is sampled and not 100% tested
AC Test Condition
Table 34 : AC Test Conditions
Parameter Value
Input pulse levels 0.0V to Vcc
Input rise and fall times ins/1V
Input and output measurement timing levels Vce/2
Output Load CL = 30pF
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DC Characteristics

Table 35 : DC Characteristics : 3.3V Device

. 2.7V-3.6V .

Parameter Symbol Test Conditions - Units
Min. Typ. Max.
Input Leakage Current I Vi = 0 to Vee (max) -2 - 2 MA
Output Leakage Current Io Vout = 0 to Vcc (max) -2 - 2 MA
Read Current (1-1-1) Tccri - 3 4 mA
SDR=54MHz, DDR=27MHz
Read Current (2'2'2) ICCRZ §=O, CLK=O/VCC, IOUT=OmA 4 5 mA
Read Current (4-4-4) Lecrs - 5 6 mA
Read Current (1'1'1) ICCR4 - 4 5 mA
SDR=108MHz, DDR=54MHz
Read Current (2-2-2) Iccrs CS=0, CLK=0/Vcc, Toyr=0mA 6 7 mA
Read Current (4'4'4) ICCR6 - 8 10 mA
Write Current (1-1-1) Iccwi - 5 6 mA
- SDR=54MHz, DDR=27MHz
Write Current (2-2-2) Tcows CS=0 ,CLK=0/Vcc, 1/0=0/Vce 8 mA
Write Current (4-4-4) Lecws - 13 16 mA
Write Current (1'1'1) Iccw4 - 8 9 mA
- SDR=108MHz, DDR=54MHz _

Write Current (2-2-2) Iccws CS=0, CLK=0/Vcc, 1/0=0/Vec 13 17 mA
Write Current (4-4-4) Leews - 25 30 mA
Standby Current Isg CLK=0, CS = Vcc, I/0=0/Vcc - 330 490 HA
Deep Power Down Current Ipep CLK=0, CS = Vcc, 1/0=0/Vcc - 80 190 HA
Input High Voltage Vi - 0.7xVcc - Vcc+0.3 \
Input Low Voltage i - -0.3 - 0.2xVcc \"
Output High Voltage Level Vou Ion = -1mA 2.4 - - \Y
Output Low Voltage Level VoL Io. = 2mA - - 0.4 Vv
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DC Characteristics

Table 36 : DC Characteristics : 1.8V Device

1.71V~1.98V
Parameter Symbol Test Conditions Min. — o Units

Input Leakage Current I Vi = 0 to Vee (max) -2 - 2 MA
Output Leakage Current Io Vout = 0 to Vcc (max) -2 - 2 MA
Read Current (1-1-1) Tccri - 2 3 mA
Read Current (2-2-2) Iecr C—z'i%,:ga'\(":'g;vzzR;jZiﬁA - 3 4 mA
Read Current (4-4-4) Lecrs - 4 5 mA
Read Current (1-1-1) Tccra - 3 4 mA
Read Current (2-2-2) Ters %D=R0=, tﬂi"i%%gg?;fg:i - 4 5 mA
Read Current (4-4-4) Tccre - 6 7 mA
Write Current (1-1-1) Iccwi - 4 5 mA
Write Current (2-2-2) Teows C—gggfgfyzHOZ/'VEER;gZ'\gR/ch - 7 8 mA
Write Current (4-4-4) Lecws - 12 15 mA
Write Current (1-1-1) Tcowa - 7 8 mA
Write Current (2-2-2) Teaws C—Ss'ﬁf é?_i!g/z\'/i??/zfgﬁcéc - 12 15 mA
Write Current (4-4-4) Leews - 22 28 mA
Standby Current Isg CLK=0, CS = Vcc, I/0=0/Vcc - 280 450 HA
Deep Power Down Current Iopp CLK=0, CS = Vcc, I/0=0/Vcc - 25 140 HA
Input High Voltage \ - 0.7xVcc - Vce+0.3 \

Input Low Voltage " - -0.3 - 0.3xVcc \"

Output High Voltage Level VoH Ion = -1mA 1.4 - - \Y

Output Low Voltage Level VoL Io. = 2mA - - 0.4 Vv
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AC Timing Characteristics

Synchronous Input Timing

Figure 21 : Synchronous Input Timing (SDR/DDR)

CLK

I/1O

Synchronous Data Output Timing

Figure 22 : Synchronous Data Output Timing (SDR/DDR)

tCSD

CS
CLK

/O (SDR)

/O (DDR)

P Timing

3

Figure 23 : WP Operation Timing
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CS High Time

Figure 24 : CS High Timing

CS i ! ! )
\ Current Instruction /:/ \:\ Next Instruction
1 t t 1

' CSD, 'CSDWX !
I‘ 'I
1 1

Table 37 : CS High Time after Write Instruction : SDR=108MHz/DDR=54MHz

Currgnt Instruct_ion ) Next Instruction ) Symbol Min. Units
: Main Array Write : Main Array Read or Write
(1-1-1), (1-x-2) (1-1-x) tespwi 20 ns
(1-1-1), (1-x-2) (1-2-2) tesowe 130 ns
(1-x-4) (1-1-x) tespws 130 ns
(1-1-1), (1-x-2) (1-4-4) tespwa 190 ns
(1-x-4) (1-2-2), (1-4-4) tespws 300 ns
(2-2-2) (2-2-2) tesows 170 ns
(4-4-4) (4-4-4) tespwy 350 ns

Table 38 : CS High Time after Write Instruction : SDR=54MHz/DDR=27MHz

Currgnt Instruct_ion ) Next Instruction ) Symbol Min. Units
: Main Array Write : Main Array Read or Write
(X-X-X) (1-4-4) tespws 70 ns
(2-2-2) (2-2-2) tesowo 70 ns
(4-4-4) (4-4-4) tespwio 180 ns
Others tespwit 20 ns

Table 39 : CS High Time after Register/Augmented 256-Byte Area Write Instruction

Current Instruction Next Instruction Symbol Min. Units

Register Read/Write
Augmented 256-Byte Read/Write

Main Array Write Instruction tespwin 500 ns

Register Write
Augmented 256-Byte Write

Any Instructions tesowis 1000 ns
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AC Timing Parameters

Table 40 : AC Timing Parameter

Parameter Symbol Min. Max. Units
Clock Frequency — SDR fok 1 108 MHz
Clock Frequency — DDR fok 1 54 MHz
Clock Low Time to 0.45 * 1/ fCLK - ns
Clock High Time tcn 0.45 * 1/ fCLK - ns
CS Setup Time tess 5 - ns
CS Hold Time tesn 4 - ns
CS High Time after Any Instruction (except Write) tesp 20 - ns
CS High Time after Write Instruction tespwx Refer to Table 37, 38, 39 ns
Data Setup Time tsu 2 - ns
Data Hold Time thp 2 - ns
CLK Low to Output Valid tco - 7.0 ns
CLK to Output Hold Time ton 2.0 - ns
CLK Low to Output Low Z (Read) taz 2.0 - ns
CS High to Output High Z thzcs - 6.0 ns
WP Setup Time twpsu 20 - ns
WP Hold Time twep 20 - ns
CS High to Power-down mode teorp - 1 us
CS High to Power-down mode exit texorp - 25 us
CS Low time to exit Power-down mode tesoro 50 - ns
Software Reset Time (3.3V Device) torsT - 0.3 ms
Software Reset Time (1.8V Device) torsT - 2.0 ms
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F—D iMb~16Mb SPI MRAM
ETSO S3Axx04x0M
Thermal Resistance

Table 41 : Thermal Resistance

_—_— 8-pad 8-pin .
Parameter Description WSON SOIC Unit
B34 Thermal resistance (junction to ambient) 30.6 93.9
°C/W
B3¢ Thermal resistance (junction to case) 19.0 31.9
Notes:

1: These parameters are guaranteed by characterization; not tested in production.
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m 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

Timing Description of Instruction Sets

Single SPI — SDR (Command-Address-Data)
- Instruction 1-0-0 ; NOOP, WREN, WRDI, DPIE, QPIE, DPDE, DPDX, SRTE, SRST

Figure 25 : Timing Description of 1-0-0 Instruction Type
s )
CLK

<4+——command(8———p
s 0000000

- Instruction 1-0-1 ; RDSR, RDC1, RDC2, RDC3, RDC4, RDCX, RDID, RUID, RDSN, RDAP

Figure 26 : Timing Description of 1-0-1 Instruction Type (Read)
cs | [

CLK

<4+—— command(8)——p»

i Mmm
<«4—— Data out(8 to 64)———p

SO - OOOOOOOO{

- Instruction 1-0-1 ; WRSR, WRCX, WRSN, WRAP

Figure 27 : Timing Description of 1-0-1 Instruction Type (Write)

s | [

CLK

<4— command(8—p Data in(8 to 64) ——p»
s 0000000000000
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METSOD

- Instruction 1-1-1 ; READ(03h)

cs

SI

SO

Notes:

1Mb~16Mb SPI MRAM

S3AXxx04x0M

Figure 28 : Timing Description of 1-1-1 Instruction Type (Read without XIP)

810 o

.

7

<4— command(8y—p

High-Z

Address(24)~w—>
<«—Dataout(8to ©)——p

———00CK

As long as CS stays in low and CLK keeps toggling, next target address is incremented automatically and the device keeps
outputting data from memory array.

- Instruction 1-1-1 ; WRTE(02h)

CS

CLK

S|

Notes:

Figure 29 : Timing Description of 1-1-1 Instruction Type (Write)

8to = J

-

A

— 7

Address(24) >

<4—— command(8) > <

4
<

Data in(8 to = )}——p

As long as CS stays in low and CLK keeps toggling, next target address is incremented automatically and the device keeps
writing data to memory array.
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(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 1-1-1; RDAS

Figure 30 : Timing Description of 1-1-1 Augmented 256-byte Area (Read)

s | [

— command(8)—ip» addless(24wmtency cycle=—p»|

4——data out(8 to 2048)

S0 e ———— 00000000000

- Instruction 1-1-1 ; WRAS

Figure 31 : Timing Description of 1-1-1 Augmented 256-byte Area (Write)

s | —
ck JUHUuUUUuuL UL o JuuuduL - JUUL

<4——— command(8)——» Address 24)————— > | «—Data in(8 to 2048)——»
Sl TOANANT ANAANANAA T
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m 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

- Instruction 1-1-1 ; RDAR

Figure 32 : Timing Description of 1-1-1 Any Register Instruction Type (Read)

s | B

c  JUUHUUUUUL UL JUUUUUiUuuoe. Ut

4—— command(8)—» Address(24)———» Latency cycle—»
s B O e

44— Dataout(8to64) —Ppp
High-Z

0 0000000

- Instruction 1-1-1 ; WRAR

Figure 33 : Timing Description of 1-1-1 Any Register Instruction Type (Write)

s I
ck UL UL o JudUuuL o JUUL

<4—— command(8) > < Address(24)——  » | «—Data in(8 to 64—
s 0000000 OO 00000~
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m 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

- Instruction 1-1-1; RDFT

Figure 34 : Timing Description of 1-1-1 Instruction Type (Read with XIP)

s | |

CLK (L UL JTvUiuiuiUie - Juuiuiiuie Ju

44— command(8)—p»| Address(24 jm———yp X|P(8 )= Latency cycle=———>
; BTV TS V00T S —

. 4—Data out(8 to =)—P>
High-Z

0 000000

- Instruction 1-1-1 ; WRFT

Figure 35 : Timing Description of 1-1-1 Instruction Type (Write with XIP)

s | [

CLK UL JUUUUUUUTEUUUUUL

44— command(8)—— Address(24)———p XIP(8)———p Data in(8 to =) ——»
s -6 porDe0000a0p0aG- 00—
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h i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 1-1-2 ; RDDO

Figure 36 : Timing Description of 1-1-2 Instruction Type (Read with XIP)

os | ]
CLK R -]

€— command(8)—p» Address(24)—p XIP(8)y——»] Latency oyele g g——Data out(d to =)—P»
som TRV VTR T — 000000

<——Data out(4 to «)—

High-Z

10[1]

- Instruction 1-1-2 ; WDUI
Figure 37 : Timing Description of 1-1-2 Instruction Type (Write with XIP)
s | |
cek — JUTUUUTIUL UL . UL UUU U IIuw

—— command(8)=——j» Address(24 jm—p XIP(B jreeip Data in(4 to «)—»
siiop 106 0000000 0 00

[«——Data in(4 to =)—p»

10[1] High-Z m 7777777
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h i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 1-1-2 ; RDDO

Figure 38 : Timing Description of 1-2-2 Instruction Type (Read with XIP)

r——Data out(4 to =)—p>

SI/10[0] OO000F-00
——Data out(4 to <)—>

orn 000 0 -

- Instruction 1-2-2 ; WDIO

Figure 39 : Timing Description of 1-2-2 Instruction Type (Write with XIP)

| |
cee  JUITUTUULT UL Juniiiiuu

4— command(8)—P Address(12) XIP(4)9 €——Data in(4 to =)—>
SI/10[0] ¥ )OO

. Address(12) XIP(4)9»| €—Data in(4 to =)=
R A0
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h 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

- Instruction 1-1-4 ; RDQO

Figure 40 : Timing Description of 1-1-4 Instruction Type (Read with XIP)

CLK UL JUL

€— command(8)—p Address(24)——pp Latency cycle, Data out2 to <}
Sl YO0 00000000000 --ssemeeeeeeeeeee 000
High-Z [@—Data out(2 to =)
iah-
o g 0000
High-Z |[@—Data out(2 to =)
| -
o g 0000

Data out(2 to =)

10[3] High-Z

- Instruction 1-1-4 ; WQDI

Figure 41 : Timing Description of 1-1-4 Instruction Type (Write with XIP)

cs | [

cwe — JUUHUTULUL - UL JUUUiuu vt Jut

4— command(8)—j» Address(24)m—ipp XIP(8 )= | #—Data in(2 to =)=
siop] -0t 0000
High-Z <—Data in(2 to =)~
igh-
o1 O0F-10000-
Hiah-Z r—Data in(2 to =)=
igh-
10[2] 0060000
HiahZ —Data in(2 to =)=
igh-
10[3] OU-0000-
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METSOD

- Instruction 1-4-4 ; RDQI

1Mb~16Mb SPI MRAM

S3AXxx04x0M

Figure 42 : Timing Description of 1-4-4 Instruction Type (Read with XIP)

-

¢S]
cwe  JUIUILUUULUUUUUUUUUUL ... JUUL . JUL

command(8) Address(6) XIP(2) Latency cycle Data out(2 to )

siop]  ANNAANRAAAAANAS T L0100
Address(6) XIP(2) Data out(2 to =)

10[1] AL O OO0 00
Address(6) XIP(2) Data out(2 to =)

10[2] Al O ) S — OO0 00
Address(6) XIP(2) Data out(2 to «)

o e S -0

- Instruction 1-4-4 ; WQIO

Figure 43 : Timing Description of 1-4-4 Instruction Type (Write with XIP)

.

-

CS
CLK _| I_I I_I |_
command(8) Address(6) XIP(2)  Datain(2 to «)
>
S10[0] 0
Address(6) XIP(2) Data in(2 to «)
. ¢ I
|O[1] High-Z "'><:X:>-"-
Address(6) XIP(2) Data in(2 to =)
igh
10[2] High-2 =0
Address(6) XIP(2) Data in(2 to «)
High-Z
10[3] ‘ 0
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FD 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

Single SPI - DDR (Command-Address-Data)

- Instruction 1-1-1 ; DRFR

Figure 44 : Timing Description of 1-1-1 DDR Instruction Type (Read with XIP)

cs | |
12 Cycles
cee JUTUUUIUUL - TUTHUIUUL _ fuiuiuiuiui

) command(8) ‘_Address(24)‘_ XIP(8) ~a Latency cycle ~
< » >4 »

Sl

Hiah-Z | ——Data out(8 to ©)—Pp>
| -
SO 9

- Instruction 1-1-1 ; DRFW

Figure 45 : Timing Description of 1-1-1 DDR Instruction Type (Write with XIP)

12 Cycles

Sl

SO High-Z
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(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 1-1-2 ; DRDO

Figure 46 : Timing Description of 1-1-2 DDR Instruction Type (Read with XIP)

cs | i

cLK L0010 o 11

command(8) . _Address(24)  _ XIP(8) Latency cycle ~ Data outf4 to =
sinofo] MOMM O{X}dOOOOOOOO ............. 10—

10[1] ighz —

- Instruction 1-1-2 ; DWUI

Figure 47 : Timing Description of 1-1-2 DDR Instruction Type (Write with XIP)

cs | |

cee  JUIUUTUTUL - UUHULTUL - JUt

command(8) Address(24 XIP(8)

SIN10[0] NN OOIE O — —
I0[1] Hghz e e T
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(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 1-2-2 ; DRDI

Figure 48 : Timing Description of 1-2-2 DDR Instruction Type (Read with XIP)

cLK Uuunu [ it

, command(8)  _Address(12)  XIP(4 Latency cycle Dataout(4to =)
] Ll L Ll Ll Ll

Address(12)  XIP(4; Data out(4 to <)
>e >

SO High-Z m__ _______ {X:X:)—

- Instruction 1-2-2 ; DWIO

Figure 49 : Timing Description of 1-2-2 DDR Instruction Type (Write with XIP)

cs | |

cee  JIUNUUTUUL JUUUHIUTL ot

command(8) Address(12)  X|P(4) = Datain(4 to =)
—> >

s Fococooo-uififin-—of—
Address(12)  XIP(4) _ Datain(4 to <)
—>

so MM@O@O ------- -
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fETsoD 1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M

- Instruction 1-1-4 ; DRQO

Figure 50 : Timing Description of 1-1-4 DDR Instruction Type (Read with XIP)

cs | [

CLK L0001 11

command(8) . Address(24)" XIP(B) Latency cycle > Data out to )
suoorLCO0000CHI-mum o 00—
High.z «—Data out(2 to ©°)—Pp>
| -
IO[1] i | G M—
High.z «—Data out(2 to ©°)—Pp>
| -
10[2] i | R M
High-Z «—Data out(2 to ©°)—Pp>
| -
10[3] os M—

- Instruction 1-1-4 ; DWQI

Figure 51 : Timing Description of 1-1-4 DDR Instruction Type (Write with XIP)

cs | i

12 Cycle
cek — JUNTTUULIL . TUUULUTUULL ... JHL
command(8) Address(24 XIP(8)

<¢—Data in(2 to ©)—p>

sinolo] STTTEONNN Y — —

High-Z <«4—Data out(2 to ©)—Pp>
I -
10[1] 9 ’m ............... M—
<«4—Data out(2 to *)—p>
High-Z
10[2] @Q ............... —
<€—Data out(2 to *)—p>

10[3] High-2 ’m ............... —
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METSOD

- Instruction 1-4-4 ; DRQI

1Mb~16Mb SPI MRAM

S3AXxx04x0M

Figure 52 : Timing Description of 1-4-4 DDR Instruction Type (Read with XIP)

S1/10[0]

10[1]

10[2]

10[3]

-

command(8)

3 Cycles

g Address(6) .):(IP(Z)

»

Latency cycle

Data out(2 to =)
> »

.4 ' - L] |
Address(Q .)‘(IP(Z) Data out(2 to )
P
—— i OO(OO X
Address(el .XIP(Z) Data out(2 to «)
Pie
High-Z OO OO
Address(Q .>‘(IP(2) Data out(2 to =)
Pl
High-Z

- Instruction 1-4-4 ; DWQO

OO__

Figure 53 : Timing Description of 1-4-4 DDR Instruction Type (Write with XIP)

.
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CS
3 Cycles
ck  JUUUUUUUUL - TUUL.[L
command(8) Address(6) XIP(2) Datain(2 to «)
S1/10[0] {0-C000KK - —
Address(6) XIP(2) Data in(2 to «)
—>
I0[1] High-z 00000000 N—
Address(6) XIP(2) Data in(2 to «)
10[2] High-2 T N—
Address(6) XIP(2) Data in(2 to «)
10[3] High-2 00000000 (—
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m 1Mb~16Mb SPI MRAM
E TSO S3Axx04x0M

Dual SPI — SDR (Command-Address-Data)
- Instruction 2-0-0 ; NOOP, WREN, WRDI, QPIE, SPIE, DPDE, DPDX, SRTE, SRST

Figure 54 : Timing Description of 2-0-0 Instruction Type

s ] y

<4—command(4)

ool {00
<4—command(4)

om - OO0k

- Instruction 2-0-2 ; RDSR, RDC1, RDC2, RDC3, RDC4, RDCX, RDID, RUID, RDSN, RDAP

Figure 55 : Timing Description of 2-0-2 Instruction Type (Read)

s | B
CLK

<-command(4) Data out(4 to 32— p
s -(LOOCOOO OO0
<-command(4) Data out(4 to 32)——p
sonom - OO0 OO0

- Instruction 2-0-2 ; WRSR, WRCX, WRSN, WRAP

Figure 56 : Timing Description of 2-0-2 Instruction Type (Write)

s | B
CLK

<-command(4)p «——Datain(4t0 32)——p

smopo] KOO XXX

<-command(4)p» «—Data in(4 to 32)——p

sononr {OOOCOOOC000)

Rev. 1.3 Oct. 2023 55 Netsol Corporation Proprietary



(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 2-2-2 ; RDAR

Figure 57 : Timing Description of 2-2-2 Any Register Instruction Type (Read)

cs | i
CLK il

command(d) Address(12) Data out(4 to 32)
»id » i »
" V " Ll Ll el L
Latency
smoy-LO0CCO0 00000000}
“4)
command(d) Address(12) Data out(4 to 32)

-
<«

o (00000 00

- Instruction 2-2-2 ; WRAR

Figure 58 : Timing Description of 2-2-2 Any Register Instruction Type (Write)

s | |
cee  JUUUHUL MUWULIIM

cummand(4 Address(12) Data in(4 to 32)
o -LOOLL0 00

command(4) Address(12) Data in(4 to 32)

o OO0 -
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ﬁ 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

- Instruction 2-2-2 ; RDFT

Figure 59 : Timing Description of 2-2-2 Instruction Type (Read with XIP)

command.— Address(12) " XIP(4) Latency cycle Data out(4 to =)
’
command(4) Address(12) XIP(4) Data out(4 to =)
f T <

10[1] ‘—)[xj@(}_[yj ---------------- NO00E--00-—

- Instruction 2-2-2 ; WRFT

Figure 60 : Timing Description of 2-2-2 Instruction Type (Write with XIP)

command(4) Address(12) XIP(4) Data in(4 to =)
SI/10[0] m'mm
command(4) Address(12) XIP(4) Data in(4 to =)

I0[1] —m&mm
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ﬁ 1Mb~16Mb SPI MRAM
ETSO

S3AXxx04x0M

Dual SPI - DDR (Command-Address-Data)

- Instruction 2-2-2 ; DRFR

Figure 61 : Timing Description of 2-2-2 DDR Instruction Type (Read with XIP)

cs | }
cLk  JUUUUL. AR UL UL

command(4) Address(lZ)XIP(4)‘ Latency cycle Data out(4 to °°)‘

SI10[0] M@Om‘ . 0067

command(4) Address(12) XIP(4)

>
10[1] BT 1| A | | S 1 —

- Instruction 2-2-2 ; DRFW
Figure 62 : Timing Description of 2-2-2 DDR Instruction Type (Write with XIP)
cs | [
6 Cycles

cek  JUUUUL.UUUUL.... JUL
SI/10[0] m
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METSOD

Quad SPI — SDR (Command-Address-Data)

1Mb~16Mb SPI MRAM

S3AXxx04x0M

- Instruction 4-0-0 ; NOOP, WREN, WRDI, DPIE, SPIE, DPDE, DPDX, SRTE, SRST

Figure 63 : Timing Description of 4-0-0 Instruction Type

I

CS

CLK

SI10[0]

10[1]
10[2]

10[3]

THHY

U

command(2)

- Instruction 4-0-4 ; RDSR, RDC1, RDC2, RDC3, RDC4, RDCX, RDID, RUID, RDSN, RDAP

Figure 64 : Timing Description of 4-0-4 Instruction Type (Read)

Cs
CLK

SI10[0]

10[1]

10[2]

10[3]

.

command(2)

Data out(2 to 16)

=

-0000000)

A
v
A

A
v
A

-

Rev. 1.3 Oct. 2023

59

Netsol Corporation Proprietary



(F—D i1Mb~16Mb SPI MRAM
E Tso S3Axx04x0M
- Instruction 4-0-4 ; WRSR, WRCX, WRSN, WRAP

Figure 65 : Timing Description of 4-0-4 Instruction Type (Write)

s | [
ck  JUUUL  JUUUUL

command(2) Data in(2 to 16)

smofo] - ~OO0O0000k
command( ) Data in(2 to 16)

ow  -OO0O-000000CH
command(2) Data in(2 to 16)

o@l - -O00000CH
conan(g_) Data in(2 to 16)

o -0COO0-O0000000F
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(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 4-4-4 ; RDAR

Figure 66 : Timing Description of 4-4-4 Any Register Instruction Type (Read)

s | [
cew  JHUUTULIUULUL. JUL

command(2) Address(6) Data out(2 to 16)
al )l Ll >
Latency
SI/IO 0 —cycle\ X A----- E—
_/
2
command(2) Address(6) Data out(2 to 16)
<+—pi<¢ g +—r
o _OCO00000H £000—
command(2 Address(6) Data out(2 to 16)
<4+—P<¢ >

o[2] L OO0 00—

command(2 Address(6)

)l ) »

Io[s] | - OO0 00—

- Instruction 4-4-4 ; WRAR

Figure 67 : Timing Description of 4-4-4 Any Register Instruction Type (Write)

cs | [
ce  JUUUHUUUUL. UYL

command(2) Address(6) Data in(2 to 16)
SI/10[0] JWM—
command(2) Address(6) Data in(2 to 16)
o OCO0000C00- 00—
_/
command(2) Address(6) Data in(2 to 16)
10[2] Jm_
command(2) Address(6) Data in(2 to 16)
or 0000000000 00—
_/
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(F—D i1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M
- Instruction 4-4-4 ; RDFT

Figure 68 : Timing Description of 4-4-4 Instruction Type (Read with XIP)

cs | [
cee  JUIUUTUUTUTUNL - JTUUHUL L

comr.rslndlzl)< Address(6) =IélP(ﬁ)4 Latency cycle Data out(2 to =)
sior - 00D0000C00F 0000

command(2) Address(6) XIP(2) Data out(2 to <)
<+“—r

o 00100
command(2) Address(6) XIP(2) Data out(2 to <)
+—>

o 00400

command(2) Address(6) XIP(2) Data out(2 to <)
<+“—r

10[3] KM@ ___________________________ -0

- Instruction 4-4-4 ; WRFT

Figure 69 : Timing Description of 4-4-4 Instruction Type (Write with XIP)
cs | B
CLK I_

command(2) Address(6) XIP(2) Data in(2 to =)

s 000000000 00—
command(2) Address(6) XIP(2) Data in(2 to =)

om _OCOO00OCDA00C 00—
/|
command(2) Address(6) XIP(2) Data in(2 to «)

e N000000CO000- OO
/|
command(2) Address(6) XIP(2) Data in(2 to «)

o8 C0CO00COC00H OO
/|
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fETsoD 1Mb~16Mb SPI MRAM
ETSO S3Axx04x0M

Quad SPI - DDR (Command-Address-Data)

- Instruction 4-4-4 ; DRFR

Figure 70 : Timing Description of 4-4-4 DDR Instruction Type (Read with XIP)

2) A 6) XIP(2
command(l ddress(! )m (2) Latency cycle

l L v l # L
sioal () 00~
command(2) Address(6) XIP(2) Data out(2 to =)
gl = Bl > = ;
om0} 00~
/|
command(2) Address(6) XIP(2) Data out(2 to =)
gl i e » »
)l L v l L L
o) 00~
/|
command(2) Address(6) XIP(2) Data out(2 to )
gl i e » »
)l L v l L L
o0 00~

- Instruction 4-4-4 ; DRFW

Figure 71 : Timing Description of 4-4-4 DDR Instruction Type (Write with XIP)

cs | [
cew  JUUUUTUUL _JUL

<—D »
)l Ll nl )l Ll
sinool X X000000000 - 00—
command(2) Address(6) XIP(2) Data in(2 to «)
<4 > P> »
o OO0 -
/|
command(2) ~Address(6) XIP(2) Datain(2 to )
> P> »
ozl _OCH000000-— i
command(2) Address(6) XIP(2) Datain(2 to «)
<+——Pie | >
o1 _OOKO00000L- 00
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METSOD

1Mb~16Mb SPI MRAM

S3Axx04x0M
Part Numbering System
S|(3 X|=|X|[X[X|[X|X|X]|X
112 10(11 (121131411516 | 17|18
Special Code
Netsol by customer request
Memory : S Default : 00
] Packing Material
MRAM : 3 Tray: 0 T&R: T
Interface
SSPI/DSPI/QSPI : A
Speed
1A :108MHz

Density
iMb:10, 2Mb:20
4Mb : 40, 8Mb: 80

16Mb : 16, 32Mb: 32

I/0 Organization
x4 : 04

VvCC
2.70~3.60V : V
1.71~1.98V : R

Mode
Default : 0

Temperature & Power
Commercial : C
Industrial : I

Package
8SOIC-150mil : A
8WSON 6x5mm : ]

Generation
t
1S Generation : M
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1Mb~16Mb SPI MRAM
S3Axx04x0M

METSOL

Ordering Part Numbers

Table 42 : Ordering Part Numbers — 3.3V Device

Temperature Operating Shipping .
Grade Temperature Package Container Ordering Part Number

Tray S3A(10/20/40/80/16)04V0M-JC1A000

. 8pad WSON
Commercial 0° to 70° Tape and Reel S3A(10/20/40/80/16)04VOM-]C1ATO0
8pin SOIC Tape and Reel S3A(10/20/40/80/16)04VOM-AC1ATO0
Tray S3A(10/20/40/80/16)04V0M-JI1A000

. 8pad WSON
Industrial -40° to 85° Tape and Reel S3A(10/20/40/80/16)04VOM-JI1AT00
8pin SOIC Tape and Reel S3A(10/20/40/80/16)04VOM-AI1ATO0

Table 43 : Ordering Part Numbers — 1.8V : Device
Temperature Operating Shipping .
Grade Temperature Package Container Ordering Part Number

Tray S3A(10/20/40/80/16)04R0OM-JC1A000

) 8pad WSON
Commercial 0° to 70° Tape and Reel S3A(10/20/40/80/16)04R0OM-]JC1ATO0
8pin SOIC Tape and Reel S3A(10/20/40/80/16)04ROM-AC1ATO0
Tray S3A(10/20/40/80/16)04ROM-JI1A000

. 8pad WSON
Industrial -40° to 85° Tape and Reel S3A(10/20/40/80/16)04R0OM-JI1AT00
8pin SOIC Tape and Reel S3A(10/20/40/80/16)04ROM-AI1ATO0

Rev. 1.3 Oct. 2023

65

Netsol Corporation Proprietary




h iMb~16Mb SPI MRAM
ETSO S3AXx04X0M

Package Dimension

8-contact WSON 6x5mm

TOP VIEW SIDE VIEW
Laser mark for PIN 1 mm 8%
Identification in this area
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NOTE.

1. These dimensions do not include MOLD protursion.

2. The exposed pad size must not violate the minimum metal separation requerement (A)
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m 1Mb~16Mb SPI MRAM
- E Tso S3Axx04x0M

8-pin SOIC — 150mil
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METSOD

Revision History

1Mb~

16Mb SPI MRAM
S3Axx04x0M

Revision

Date

Description

0.1

May, 2022

Initial Release, Preliminary

0.2

May, 2022

Typo correction, Preliminary

0.3

Jun, 2022

Term unification, Preliminary

1.0

Jan, 2023

1.
2.
3.

0N O Ul b

O

Removed Preliminary status
Change SR[0] bit to RSVD bit (Table 13)

Change Absolute Maximum Ratings for 1.8V device (Table 30)

- Change 2.5V to 2.35V for ‘Voltage on Vcc Supply Relative to
- Change 2.5V to 2.35V for ‘Voltage on Any Pin relative to VS

. Update the magnetic immunity parameter(Table 31)

. Update the pin capacitance(Table 33)

. Update the DC Characteristics 3.3V/1.8V Device (Table 35,36)
. Update thermal resistance(Table 41)

. Change Ordering Part Numbers(Table 42,43)

- delete Tray(8-pin SOIC)

. Typo correction

VSS : 1.8V Device’
S : 1.8V Device’

1.1

Mar, 2023

. Update the table of contents

. Add DIE PAD at the Table 1: Pin Description
. Update Table 19: Read Latency Cycles vs. Maximum Frequency(Memory Array)
. Update Ippp(max) : Table 35,36

1.2

Oct, 2023

= | DAWN -

. Update Table 19: Read Latency Cycles vs. Maximum Frequency(Memory Array)

- Change the Latency Cycles for 1-1-2 and 1-1-4.

1.3

Oct, 2023

1.

Update Table 18: Configuration Register 2 — Read and Write
- CR2[5] must be written as 0
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