s LATTICE

MachXO3 Family

Data Sheet

FPGA-DS-02032-2.3

November 2018



s LATTICE

Contents
ACTONYMS N THIS DOCUMENT ...ceeiiiiieeiiiee ettt e ettt e e et e e et e e s et e e e s aaeeeesteeeeassaesessseeeaansteeesassaeeesnsaeesanssaeesnssaeesnseeesanssesesnnsees 6
O [ o o [¥ ot o PSPPSR 7
1.1. F AU S e, 8
000 1 S Yo [V 1 [o ] s L U U PR 8
1.1.2.  FlEXible ATCRITECIUI ..oei ettt e et e e e sttt e e e et e e e et ae e e s abeeeeeabaaeeesseaaesstasesanssesessseaaeastasannnes 8
1.1.3.  AdVANCEA PACKAZING ....eceuiiieiiiiie ettt ettt ettt e e ettt e e ettt e e e st e e e e etaeeeeasaaeesabaeaeassseeessssaeenstasesanssssessseeaaastenannnes 8
1.1.4. Pre-Engineered Source SYNCAroNOUS [/O.......ccuiiiiieiiee ettt ettt eetre s re e ae e e stve e treesaaeeeaae e baesteeesnaeenee s 8
1.1.5. High Performance, FIeXible 1/O BUTEr.......ccuicciiiiieecee ettt ettt e tre e tae e eaae e baeebre e saaeenee s 8
1.1.6.  Flexible ON-Chip ClOCKING......ciuiiiieciiieccieee et ee s tee e et e e st e e sttt e e e st e e esbteeessaeaeessseeesansseeessseasenssenennne 8
1.1.7. Non-volatile, Multi-time Programmable..........cccccuiiiiiiiii ettt e s e e e s e e s saee e e saeeeeesnreeeennes 8
1.1.8.  TransFR RECONFIGUIAtION .....ciiiuiiiiiiiitiee ettt ettt e e shb e e be e e bee s bt e e bbesbeeeannesnee s 8
1.1.9.  ENnhanced System LEVEI SUPPOIT.......coi ittt ettt cee e e ettt e e et ee e e s be e e eebtee e saaeaeesabeeesensaseessseaaeastanannnns 8
1.1.10. F Y oY o] [To%: | A o] o -3 USRS PR 8
1.1.11. (oY A @o T Y/ 1= =Y o I - 1 o APPSRt 8
B Y o 11 =Tt U1 ISR 10
2.1. F Y ol oY1 Yot U] N O Y=Y V1L Y USRI 10
2.2. PFU Blocks
D Y [Tl TP PSPPI
2.2.2. MOOES OF OPEIAtION.....eiiiiiiiiietie ettt ettt ettt et e bt e s bt e e bt e e s bae e bt e e bbe s bt e e sbee e bt e eabbeebeeeannesnee s 14

2.2.3. RAM Mode
2.2.4. ROM Mode

2.3. 200 10 1o Y-SR PRRP
2.4. Clock/Control DiStrIDULION NEEWOIK. ....ccooveeeieeie ettt ettt ettt e st e e e sttt e seareesseaseesssseeesesseesserseesssreeesanns 15
2.4.1.  sySCLOCK Phase LOCKE LOOPS (PLLS) .vveeiuveeeureeiiieeiteiesireestreesteestteestaeesseeessaeesseeessaessesessseesesessssensesesssesssess 17
2.5. SYSMEM Embedded BlOCK RAIM IMIEIMOIY ......ciiuiiiiiieiiiteeiiteesite ettt ettt sttt et e saee e sabeesateesaneesneeesmneesneeenns 20
2.5.1.  SYSMEM MEMOIY BIOCK ....ceieiiieeeee ettt ettt e s bt e bee s b e sneesnee s 20
2.5.2.  BUS SIZE IMATCNING ..eeieiiiiee ettt et e ettt e e ettt e e e e e ta e e e s baeeeesabeeeeeabaaaesbaeaaestesesassaeaessssaeeasteeenanes 20
2.5.3.  RAM Initialization and ROM OPEIatioN .........ccccuiiiiiiiiieieiiee et e ettt e ee sttt e e e te e e e setteeeestbeeeeeasaeeessseaeansteeeeanns 20
N Y 110 o Vo) VA 07 1Y or- Yo 1oV~ SRS 20
2.5.5. Single, Dual, Pseudo-Dual Port and FIFO MOOES .........eeeeiuiiieiiiieeeciiee e ettt e eetree e streeeesete e e eeasree e snaeeeesneeeenns 21
T ST o | 2 @ @0 o) = U = o o SR SRSRN 22
2.5.7.  MEMOIY COME RESET ..coiiiiiiiiiie ettt ettt e s et e e s b e e e s sar et e s e abb e e e snnae e s sbaeesennreeesnne 22
2.5.8.  EBR ASYNCNIONOUS RESET ..coouviiiiiiiiieeiie ettt ettt ettt et ettt ettt bt e s bt e e baeebe e e sbeesbeesnneesnee s 23
2.6. Programmable 1/O CIS (PIC) ....uiicueeiieeeee et eete ettt e stteeetee s tveeetee e s tveeeaseestbeeesseessseeesseessseensssesseeesssessaeenseean 24
2.7. o] 1 PSR PTTR 26
D O [T o YU Y=Y 4 1 =T g =1 o Yol SRR SPPRRN 26
W T O 101 4 o 10y 2 (=T = 1 Tl 2] [o ol PR USSPRRN 26
R T I ¢ B =Y Ll Y=Y <4 ) =Y gl =] Lo ol SRS 27
2.8. Ta 01U A CT=T= T oSSR 27
2.9. OULPUL GEAIDOX. ...ttt ettt sa e ae e e s a b e e s at e e s ab e e sab e e shbeesaeeesabeesnbeesabeesnseesaseennneenes 29
Y @ N TU 4 =Y OSSPSR 31
2.10.1. Typical I/O Behavior dUIiNG POWEI-UD .......cccuveevieiiieeeeeeireeeeeecreeereesreeetseesareessseesareeesseesaveeesseessseessseees 31
2.10.2. 0] o] oJo g =T ISY =14 Vo - e L3R UPSSRN 31
2.10.3. SYSI/O BUFEI BANKS...eecuveiiiieecieecie et cte et streeetee e stteeetee e st e estaeestbeeetaeesabeeesseessbeeesseessseesseeensaeesseensaeeseeas 33
7 5 R o oY Yo Yol =1 o 1 =P 34
B © 1 B o 11 o] 1| =1 o P 34
2.13.  Embedded Hardened [P FUNCLIONS .......uiiiieiiee ettt stee et s e e st e e e sate e e saaae e s snbaeeessteessnsnaessnseeeean 35
2.13.1. HArAENEA 12C IP COTE uvnveneeteeeeeeeteeteeee ettt ettt et ae et e seese et e e eseese s essesessese et enseseesenseseesenseseesensenserensens 35
2.13.2. [ Yo [T aT=Te Y o N o 0] O PRSP P ORI 36
2.13.3. [ Yo (=Y Y=o B T =T O U ) (=Y R 38
2.14.  User FIash MemOry (UFIM) ....eoio ettt e e ettte e st e e e e bt e e e s easae e e s baaeeenstaeesssaaeesasseasastasesansaneesasenanan 39
2.15. Standby Mode and POWETr SaVIiNG OPLiONS .....cciuiieieiiieeeeiieeeceee e et e e eetee e s e e e eare e e seaeaeessasaeeeastaeesensaeeesnneeenan 39

www.latticesemi.com/legal


http://www.latticesemi.com/legal

s LATTICE

2.16.  POWEE ON RESEL...ceiiiiiieeeiee ettt e e e e e st e e e s e s e e e e e e e s s e e e e e e e e e s nn e e e e e e e e e e nnnreneeeeenanne 40
2.17.  CoNfigUration @nd TESTING .. ..coiiiiiiieiieee ettt ettt et sa bt e st e sa e e e sae e e s b beesateesabeesaeeesnseenaeeesnreennneens 41
2.17.1. IEEE 1149.1-Compliant Boundary Scan Testability........cccooreeriiiiiieiiiiec e 41
2.17.2. DEVICE CONTIGUIATION ..cecitiie ettt et e ettt e e e et e e e e tteeeeetbeeeeesaeeessseaaeasbeeeeessseeesasseeaensteeanannes 41
N T I - Vol <] | B TP PP PRSP PPUPTTRNN 43
2,19, DENSITY SNITEINE c.uteieeeiie et e ettt e et e e e st e e e e ette e e eeabaaeesabeeaeaasaaaeesbeeaesbaeeeabtaeeesbaaeeanteeeaannes 43
3. DC and SWItChiNg CharaCteriSTICS ......eciiuiieeeiiieeeiiie e ettt e e et e e et e e e ectteeeetbeeesebeeeesbbaaeessbeeeeeassssesasseaeaastasesanssaeessseens 44
3.1. ADSOIULE MAXIMUM RAEINE ..ceiciiiiiiciiee et st e e e e te e e e st e e e ette e e seasaeeesasseeeansteeeenssseeessseeaassneennnnns 44
3.2. Recommended Operating CoONAITIONS.........cccicuiieeiiiiieeciee e ceee e et e setee e e st e e e etre e e sateeeessteeeeeasteeesnnaaeeesnseeesnnnns 44
3.3. POWET SUPPIY RAMP RAEES ..eeiiiiiieieiiiiecciiee e ctee et s s tee e ettt e e st e e e e eaee e e e sateeeessateeesnsaeeeenntaeeennnteessnnanaeensseeesnnens 44
3.4. POWEr-ON-RESET VOILAZE LEVEIS ..coneiiiiecieee ettt ettt e ettt e et e e et e e e st e e e sneeeeesnteeeesnnteeesnnaneeennseeesnnens 45
3.5. HOt SOCKEtING SPECITICATIONS . ..eeitiiieieeee ettt e e sare e sae e e saneesaee e 45
3.6. Programming/Erase SPECITICAtIONS ......cccueiiiuieeiiiieciie ettt ettt etee et e e stteeeteeeetbeeetaeesabeeetseessbeeesseessbeensseesaseensneens 45
3.7. (S D =Y o743 -T2 ol T RPN 45
3.8. BT ot d g o | @ - [T = o ] 4ok PR P UUPTOPPTIN 46
3.9. Static SUPPIY CUIMTENT — C/E DVICES ...cvveetreeitieeeieeectteeetteestveeeteeestteestaeestseessaeessseessesessaeesseessaeenseeessseeseeensseesnas 47
3.10. Programming and Erase SUPPIY CUIrENt — C/E DEVICES .....ccveeveeeeireeireeiteeiteereeeeeteeeteesteereesesaaesseesseesseensesnnenns 48
3.11.  sysl/ORecommended Operating CONITIONS .......c..ccveeeeiieeiieeireieecee st eeteeereereeteeeteeebeebeebeeesesaeesteesseenseenseennenns 49
3.12.  sysl/OSingle-Ended DC Electrical CharaCteriStiCs .......ciivirereeierienieriestiseeitete e st see et et et e ste e see e enean 50
3.13.  sysl/O Differential Electrical CharaCteriStiCs .........ourerireririeieriese ettt st se et e e e sbesaesaeeaeenean 51
3.13.1. LVDS. .ttt etet ettt ettt ettt ettt et e et et e bt et e e et e b et e bt e bt e ettt e bae e bee e bee e be e e bte e be e e bae e beeenbae e beeebae e beeenraeenreas 51
3.13.2. LVDS EMUIGTION «.etiiitieeiit ittt ettt ettt sttt s bt e st e bt e e e e s bt e s abeesbteeabeessbaeenbeeebaesabaesnaesasens 51
3.13.3. BLVDS .ttt ettt ettt ettt sttt ettt et sttt e b e bt b e e b et bt e e b et e b ae e be e e bt e e b et e bt e e ba e e bae e beeebaeebaeeaeeebaas 52
3.13.4. LVPECL. ..t eutttetteetee et et et ettt ettt et e ettt s bt e sttt st e e s bt e e bt e e bt e e bt e e be e e b e e e be e e bt e e bt e e be e e be e e beeebeeebeeebaeenreebeas 53
3.13.5. MIPI D-PHY EMUIGEION «..eiiiiieiiiiiiieeite ettt st sttt ettt s be e st e e sbeesbe e e beesabeesnnesaneas 54
3.14. Typical Building Block Function Performance — C/E DEVICES .....cceeerueruerereeienieniesiesiesieseeeneeeenseseesiesaessesneeneas 57
3.14.1. Pin-to-Pin Performance (LVCMOS25 12 MA DIIVE) ..uueecuiieieeeiiieecitecieeesiteestesesteeesaeeesineevesessaeesaesnaneenneas 57
3.14.2. Register-to-RegiSter PEITOIMANCE ......cccuvii ettt e et e e e et e e e tbe e e e ate e e eaaeeeesareeaeennes 57
0 R T B 1Y 1 o V= o= ol I T2 o [T Y= PP PPN 57
3.16.  Maximum Sysl/O BUFfer PEIrfOrMENCE .......ccuiiciieiieeeie ettt ettt sttt e ste e stae e s beeeaae e sabeestaeesabeesaaeesaraenareens 58
3.17. MachXO3L/LF External Switching Characteristics — C/E DEVICES ........cceeeveeireerieeeireeereesreesveesveesneesareesnneens 59
3.18.  SYSCLOCK PLL TIMMING ceiiutttititteeiieiititeteesseesitteteeeessssusreeeeesssasasssereaesssssassssnaeessssssssssseessesssssssnseessesssssssssseesesssnnnns 65
3.19.  NVCM/FIash DOWNIOAA TIME ....eeceueiiiiieieieieitee et ettt eeteeesteeeeteeestveeeaeeestveeeseeesaeeessesessseeesseesaseeeseeessseessneesareeeseeens 66
3.20.  JTAG Port Timing SPeCIfiCatiONS ... ..eiiuiieiiiiiiieie ettt sttt ettt e s e e st e sat e e sae e e sabe e neeesareesaeeens 66
3.21.  sysCONFIG Port Timing SPeCIfiCatioNs ........ccicuiiiiiiiii ettt e e eate e e et e e e abe e e eetaeeeeaseeeeeabeeeeennns 68
Ty O - oY B T 4 1T 0=y o L= ol 1 or= LT 1 S 69
3.23.  SPIPOrt Timing SPECITICATIONS ..uviiieiiiii ettt et e e et e e e s e e e e e aae e e satee e e staeesassaaeesasseeeensteeeannnns 69
I S VYT o] o1Vl Y A 0] Vo [ 4 o] o TSRSt 69
Y 1= F= I D =Y ol g o1 4 o o Y-S 70
4.1, Pin INFOrMation SUMIMAIY ....oci e cceee et e e e et e e e st ee e e s eate e e esateeeesnaeeeesaseeeeestaeeeannseeesnnaeeeansseeennnnns 72
5. MachXO3 Part NUMDEr DESCIIPTION .....eeiutieiiiiiiteeieeeiee ettt ettt ettt st e st e s bt e st e s bt e st e sbee s beeesbeesabeeesreesanees 77
6. Ordering INFOMMATION .......viiieiie et e e et e e e ettt e e e e eba e e e estbeeeeeasaeeesbaaaeesbeeeeansseeessssaaeastasesansseesasneens 78
6.1. MachXO3L Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free (RoHS) Packaging ...... 78
6.2. MachXO3LF Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free (RoHS) Packaging ....81
(201 £=T = g 1ol =T PO RUPPUTSRTPN 85
=AY K] o] o I 1] o PP PUPPRPRRPINt 86

www.latticesemi.com/legal


http://www.latticesemi.com/legal

s LATTICE

Figures

Figure 2.1. Top View of the MachXO3L/LF-1300 DEVICE ......ceeeveevvireeitreireeeteeireeeeeeeeteesteesteeseesesseesseesseesseesesssesseesseessenns 10
Figure 2.2. Top View of the MachXO3L/LF-4300 DEVICE ........ceeceeeerrerierierierieeteeeetesessessessessessessaessessensessessessessesssessensessens 11
FIgure 2.3. PFU BIOCK DI@Brami.........uiiiiiiiieiiiiiie ettt e ettt e e e e e e sttt e e e e e e e s e aaataeaeaaesasasssaeeeaaeseanssbaaseaeeeannstaneeasssanansres 12
FIGUIE 2.4 SIICE DIBIaM «.ueeeiiiieiieeite ettt ettt ettt ettt ettt ettt e s bt e sat e e s a bt e e ae e e s ab e e e ab e e s a bt e eabeesa b e e sabeesa b e e eabeesabeeeaseesabeesabeesabeesnbeesates 13
Figure 2.5. Primary Clocks fOr MachXO3L/F DEVICES .....ccueeivieereeireeeeeecteeeteesteeereesebeeebeesbeeesseesateesnseesabesenseesnressnseesares 16
Figure 2.6. Secondary High Fanout Nets for MachXO3L/F DEVICES ...cccueeiveeeiveeiirieereeireeereesereeereesreeeseesbeesseesaressseesanes 17
FIUIE 2.7. PLL DIBIAIM ..eutiiiiieiiieiiiieteee e e eesctitt et e e e e e sttat e e e e e sesaetateeeeeessansaaseeeeesesasssasaeeeeessasssesaaesesssasssssaneeessensansraneeesssanansres 18
Figure 2.8. SYSMEM MemOTY PrimitiVES ........uuiiiiiiiiiiiiiiie ettt s e e e st e e e e s s e abera e e e e e s ssnnetaeeeeeseesannraneeesssasnsens 21
FIGUIE 2.9. IMEMOIY COME RESET . .uuuviiiiiiiiieiiiiiteee ettt e e e ettt e e e e e s s ettt e e e e s s s bbb e eeeeessasbataaeeesssasseteaaeasssnsssranaeesssnnnnnres 23
Figure 2.10. EBR Asynchronous Reset (Including GSR) Timing Diagram.......cccceccveeevueerieesiieesieeeireesieesseesseessseesnsessssessanes 23
Figure 2.11. Group of Four Programmable [/O CellS .........ccceriririeieieriesesie ettt sttt s e e s sttt aesesaens 25
Figure 2.12. Sentry Output Register Block Diagram (P10 on the Left, Top and Bottom Edges).......ccccccecuvveeevrieececnree e, 27
T U N R T [T o T A CT=- 1 ¢ oo ) USRS 28
T d U R B O 10 o 10 Al =T 1o o Yo ) OSSR 30
Figure 2.15. MachXO3L/LF-1300 in 256 Ball Packages, MachXO3L/LF-2100, MachXO3L/LF-4300, MachXO3L/LF-6900 and
MaChXO3L/LF-9400 BaNKS /0 BaANKS......cuveeiireeeieeeeeeeeieeeesseteeeesatessessseessesseesssseeesassseessasssesssssesesassseessasssesssssseesssssesssssees 33
Figure 2.16. MachXO3L/LF-640 and MachXO3L/LF-1300 BaNKS..........cc.cerverrierreereeeeeereesreesteeireeseseesseesseesseesesnsesseesseenseens 34
Figure 2.17. Embedded FUNCtion BIOCK INTEIfaCe ........uiiiiiiiieeeee e e s 35
Figure 2.18. 12C Core BIOCK DIBEIAM ......cocveveviiereeiietetesietetest et e et sa et e st bese b be et e b e se s ebese st ebess s ebese s esess s ebesessabessasebeseaes 36
Figure 2.19. SPI COre BIOCK DI@ZIam......c.uuiiiiiiiieceiiie ettt e ettt e e ettt e e ettt e e e stae e e e abeeeeeasaeeesabasaeastasasanssssesssasaaastseeeanseeseanssees 37
Figure 2.20. TIMer/Counter BIOCK DIGEIam ......c..cccueeiiueeeieeeiieeeeeeireeeeeesveeeseesbeeeseesabeesaseesabesenseesasessnsesssesssessnressseesares 38
Figure 3.1. LVDS Using External RESISTOrs (LVDS25E) ......cuiiiuiieeeiiieeeeieeeestteeeestteeeeeeaeeessaeesesstaeesssssesesssasesssseeesassnsesnnsens 51
Figure 3.2. BLVDS Multi-point-Output Example

FIgUIe 3.3, DIffEr@Nntial LVPECL ....cccccuiiiiicieeeeceiieeeeiee e eete e ettt e e ettt e e st e e e ssaaee e e s tee e e nsaeeesnsaeeeansteeesansseseannseeeennseeesnnssneesnsees
Figure 3.4. MIPI D-PHY Input Using EXEernal RESISTOIS ......coiuutiiiiiiiieiieeriteeee ettt sttt s 54
Figure 3.5. MIPI D-PHY Output Using EXtErnal RESISTOIS ........eiiiiiiiiiiiieiieeeie ettt st 55
Figure 3.6.Receiver GDDR71_RX. WaAVEIOIMIS ...ccccuiiiieiiee e cieee ettt eette e ettt e e ettt e e e e te e e e sataeeeesataeeseasseeesssaaaeasbaeeeansseeeensens 64
Figure 3.7. Transmitter GDDR71_TX. WaVEFOIMS ....ccoouiiiiiiiieeecee ettt ettt e et e e e et e e e e ar e e e esataeeeesbeeeennneas 64
Figure 3.8. JTAG Port TIMING WaVETOIMS ........viii ittt ettt e st e e et e e e e ta e e e sata e e e estaeeseasaeeesnssaeeestaeeeansaesesnseees 67
Figure 3.9. Output Test Load, LVTTL and LVCIMOS STandards .........cccccueeeiiiiieeeiiieeecieee e citeeeesiveeeeseree e snreeeesaseeesesaaeeennnns 69
Tables

Table 1.1. MachXO3L/LF Family SElECTION GUILE ....cc.eeueeieieiiieiie ettt ettt see sttt eneenae s e besaesaesneeneensensenses 9
Table 2.1. Resources and Modes AVailable PEIF SHICE ........cuuii et e e e et e e et e e e abe e e e araeeesabaeaean 12
Table 2.2. SICE SIgNal DESCIIPTIONS .. .cccciieeecitiieeectee e et e e e ettt e e ettt e e eeteeeesbaeeeestreseeassseeeaassseaaassasesassaseeasseeeasteseeassasaesnsseaaan 13
Table 2.3. Number of Slices Required For Implementing Distributed RAM ..........cccouiiiiiiieiciiiee e 14
Table 2.4. PLL SiNal DESCIIPLIONS .....viieciiee ettt eecie e e eeite e st e e et e e e erte e e e s taeeeetteeesaasseeesasseeeasssasesassaaeesnssaaeassteseenssseeesnsenanan 19
Table 2.5. SYySMEM BlOCK CONfiGUIAtioNS........uiiiiiiiiecciiee e ceee e ee et ee e e et e e e s e e e e sta e e e esteeesanseaeesnnaeesannseeesnnseeeesnsenenan 20
Table 2.6. EBR SigNal DESCIIPTIONS ....ciiiciiieeiiieeeeiiee e ettt e e steeesstteeesaeeeeesaaaeeeeateeesanseeeesasseeeassteeesanseaeesnsaeesasseseannsenesssenanan 21
Table 2.7. Programmable FIFO FIAg RANEES. .....ccoiuiiiiiiiiieeiee ettt ettt sttt et sb e st s bt s sbee s b e s beesbeeebeesanee s 22
Table 2.8. PIO SiNAI LISt .. ..iiiiiiiiiieiie ettt ettt et s bt e bt e sttt s bt e ettt e bt e eabeeeabbeeabe e e beeeabeeebeeeabeeeneeereean 26
Table 2.9. INPUt GEAIDOX SIZNAI LIST........uiiiiiiiie ettt et e e et e e et e e eette e e e eba e e e e tbeeeeeasaseesabaeaeesteseeansaeeeansenaaan 27
Table 2.10. OULPUL GEAIDOX SIZNAI LiSt.....ccciiuiieeeiiiieeeiie e ceeeeecte e e et e e e sttt e e ettt e e eeateeeeebeeeeessbeeeeessasaesasseaeesreseeansaseeansanaaan 29
I o) 1020 I Y U] o o Yo Y =T M [T o TU ) 7= e F= T L SRS 32
Table 2.12. Supported OULPUL STANAAINAS. ........oeieiiiiecciee e e e e et e e e s e e e ste e e e essteeesasseeeesnsaeeeesseeesnnseeeesnsenenan 32
Table 2.13. Available MCLK FrEQUENCIES .......vvieeeciiiieceitee e siteeeesttee e sette e e s e e e e e stte s e ssasseeesanaeeeessseeesasseseesnsaeesansteseennseeessnssnenan 34
Table 2.14. 12C COre SigNal DESCIIPLION ....c.cuicveveuirietetiteteteet ettt et et st e vt etete et s b se s ebetessebese st ebese s sesessebese s esessasesesesasesenseses 36
Table 2.15. SPI Core SigNal DESCIIPLION ...cicuiiiiiiiiieeiee ettt ettt et e bt e be e s bt e s bt e e bt e s beeeabeeenbeesabeesneesnreean 37

www.latticesemi.com/legal


http://www.latticesemi.com/legal

s LATTICE

Table 2.16. Timer/Counter SigNal DESCIIPTION . ....c.civviiieie ettt et ete ettt eteeteeaesteesaeesteesbeeabeesseeseesteebeeabeessesnsesaeesaeenees 39
Table 2.17. MachXO3L/LF Power Saving FEatures DESCIIPLION ......cvivvieieieieriese e eeeeeeeie st eseeseeseesseeseenaessesessessesseeneenes 40
Table 3.1. Absolute Maximum RatiNG 23 ... ..ottt ettt et b ettt e s b be s et ete s eseseasebereanas 44
Table 3.2. Recommended Operating CONAILIONS? .........cviiiiiiiieieicce ettt ettt et e sa s st e sbeeseente st eteseestesreeneans 44
Table 3.3. POWEr SUPPIY RAMIP RALES ...uviiiiieeiceieiiee ettt e e e sttt e e e e e e e be b e e e e e e e se s attaeeeeeeeesanstaaeeaeeeesannraneeaaens 44
Table 3.4. POWEr-On RESET VOILAZE LEVEIS ........uviieeiiiee ettt ettt e ettt eettee e e et e e e ebae e e eateaeesabaeeeessseeeensaaaeessteeeeannes 45
Table 3.5. HOt SOCKETING SPECIHICATIONS ......vvieieiiie et e et e et e e e st e e e eebte e e eabeeeesstaeeeessseesensasaeessteeenanses 45
Table 3.6. Programming/Erase SPeCIfiCatioNs ........ccueiciiiiiieiiie ettt et ete e et e et e e saeeste e e beesabeeebeesabaesbeesabesenseennns 45
Table 3.7. DC EleCtrical CharaCteriStiCS. cuuuiiieriieiiiieeiteeeriee sttt ettt e st s e s rbeesbe e sbeesabaesbeesabeessbaesabeesseesabeessaenane 46
Table 3.8. Static SUPPIY CUITENT — C/E DEVICESY 238 ... .ottt ettt ettt st eas et seeasetesaensetesteneetesreneerens 47
Table 3.9. Programming and Erase Supply Current — C/E DeVICeS T 23 % ..ottt seee et svee ettt srennenens 48
Table 3.10. sysl/O Recommended Operating CoONTITIONS. .......c.cviririririeieie ettt sre sttt e e e e e be b sbe e eneenes 49
Table 3.11. sysl/O Single-Ended DC Electrical CharateriStiCsy 2. ...coiiiiiieiicereieie ettt see st s e esse e e stesrestesreeneans 50
LI Lo 1T 20 A Y 5 LR U UTRUPUUPRRRUPRTROE 51
Table 3.13. LVDS25E DC CONIIONS. c.c.utiiitiiiitieeiteeeiiieeitessieesteesieesteesbeesabeesbaesabeesbeesabeesseesabaesnsaesabeesnsaesasessnseessessnseesnne 52
Table 3.14. BLVDS DC CONTITION ..eiutiiiitieeitiiiiee ettt sttt sttt ste e ste e st e s baesabeesbaesabeesbeesabaessbaesabaesnsaesabaesnbeesabeesnsaesane 53
Table 3.15. LVPECL DC CONILIONS ...eiitterieiiiieeiee et siee sttt st e st e st te st e st e st e sbee s bt e sbeesabeesabeesabeesseesabeesaneesabeesneesane 54
Table 3.16. MIPI DC CONAITIONS ..cevutiiiiieeiiiiiieeiee ettt ettt st e st e st e st e s bt e sabeesbee s bt e s bt e sabeesabeesabeesseesabeesaseesabeesneenane 55
Table 3.17. MIPI D-PHY Output DC CONITIONS ....ccccuiiiiiiiiieeiee ettt ettt sb ettt et e st e s bt e st e sbeesabeesbeesareesneenane 56
Table 3.18. Pin-to-Pin Performance (LVCMOS25 12 MA DIIVE)....ccccuiieiuieeiieeeiieeiteeesteeesieeesaeestesesseesseessseesssessnsesssessnsessnne 57
Table 3.19. Register-to-RegiSter PEIrfOIMEANCE ......cccuiii ittt e e etee e e et e e e et e e e eateeeesabaeeeeasaeeesnsaaaeessteeesnnnes 57
Table 3.20. Maximum sys|/O BUfer PEIrfOrMAaNCE ......c..iocveiciii e ctee ettt ettt e rtee et e e saeesbe s e steesbeeebaesabaesbeesabassnneennns 58
Table 3.21. MachXO3L/LF External Switching Characteristics — C/E Devicesh 2345610 e 59
Table 3.22. SYSCLOCK PLL TIMINE ...ttiictteeiitieeeeiieeeseteesesteeeessteeeessuaeeeessteeeeasssesesassaseessseeesassesesssseesesssesesssssesssssssesesseeessnne 65
Table 3.23. NVCM/FIaSh DOWNIOAA TIME ..vviiiiieieieeeeee ettt eeeete et e e e seteeesesaaeeeseaaeessteeesassstessesseesesssaeesassseessesaeessssreeesannne 66
Table 3.24. JTAG Port Timing SPeCifiCatioNs........ciiiuieiiiiiieeie ettt ettt e st e s b e s e s bt e sareesneenane 66
Table 3.25. sysCONFIG Port Timing SPECITICAtIONS ....c.c.ciiiiiiiiiiiieeee ettt s e s nee e 68
Table 3.26. 12C POrt TIMING SPECITICAtION ....cueiuiieiieiciecte ettt sttt ettt et et estssteeae e st esa et ebesassbeersenesntessetesesstesreeneanes 69
Table 3.27. SPI Port TimiNg SPeCITICatiONS .....ccccuiiii ettt e e etee e e et e e e e bt e e e eeabeeeesabeeeeesseeeessaeeesateeeeannes 69
Table 3.28. Test Fixture Required Components, Non-Terminated INTerfaces........cccoccvieeeeciiiicciiiee e 69
LI Lo T 0 By P s =Y I DTy ol o] o o ST SP PRSIt 70
Table 4.2. MachXO3L/LF-640 and MachXO3L/LF-1300 .........ccceeeveeeeeeeereeereeiteeireeeesteesseesseesseeseessesssesseessessessessesseesssesses 72
Table 4.3. IMAChXO3L/LF-2100......cc.uicoeeeereeeeeeeeteeeeteeeeteeeeteeeeteeeeteeestesesteeentesesseeenbesenseeebeseaseesntesensessntessnseesntesenseesressnseesnts 73
Table 4.4. MAChXO3L/LF-4300.......c.cccceeeieeeeeeeeteeeeeeeeteeeeteeeeteeesteeestesesteeestesesseeeatesenseeesesensesstesenseestessnseesntesenseesressnseesnns 74
Table 4.5. MAChXO3L/LF-6900........c...ccrueeireeeieeeiteeeeeeeeteeesteeeeteeesteeestesesteeesesesssesateseasseeaseseassesatesesseesatessnssessesssseesasessnseesnns 75
Table 4.6. MAChXO3L/LF-9400C..........ccceeieeeieeeiteeeeteeeeteeesteeeeteeesteeeeteeesteeeetesessaesabeseasseebesaaseestesenseesatesenseestesenseesressnseesnns 76

www.latticesemi.com/legal


http://www.latticesemi.com/legal

MachX03 Family

Data Sheet

s LATTICE

Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

AES Advanced Encryption Standard

BGA Ball Grid Array

CMOS Complementary Metal Oxide Semiconductor
EBR Embedded Block RAM

ECDSA Elliptic Curve Digital Signature Algorithm
ECLK Edge Clock

ESB Embedded Security Block

12C Inter-Integrated Circuit

LUT Look-Up Table

LVCMOS Low-Voltage CMOS

PCLK Primary Clock

PFU Programmable Functional Unit

PLL Phase Locked Loop

SHA Secure Hash Algorithm

SPI Serial Peripheral Interface
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1. Introduction

MachX03™ device family is an Ultra-Low Density
family that supports the most advanced programmable
bridging and 1/O expansion. It has the breakthrough
1/0 density and the lowest cost per I/0. The device I/O
features have the integrated support for latest industry
standard 1/0.

The MachXO3L/LF family of low power, instant-on,
non-volatile PLDs has five devices with densities
ranging from 640 to 9400 Look-Up Tables (LUTs). In
addition to LUT-based, low-cost programmable logic
these devices feature Embedded Block RAM (EBR),
Distributed RAM, Phase Locked Loops (PLLs),
pre-engineered source synchronous 1/O support,
advanced configuration support including dual-boot
capability and hardened versions of commonly used
functions such as SPI controller, I1°C controller and
timer/counter. MachXO3LF devices also support User
Flash Memory (UFM). These features allow these
devices to be used in low cost, high volume consumer
and system applications.

The MachXO3L/LF devices are designed on a 65nm
non-volatile low power process. The device
architecture has several features such as
programmable low swing differential I/Os and the
ability to turn off /0 banks, on-chip PLLs and
oscillators dynamically. These features help manage
static and dynamic power consumption resulting in low
static power for all members of the family.

The MachXO3L/LF devices are available in two versions
C and E with two speed grades: -5 and -6, with -6 being
the fastest. C devices have an internal linear voltage
regulator which supports external VCC supply voltages
of 3.3V or 2.5V. E devices only accept 1.2 V as the
external VCC supply voltage. With the exception of
power supply voltage both C and E are functionally
compatible with each other.

The MachXO3L/LF PLDs are available in a broad range
of advanced halogen-free packages ranging from the
space saving 2.5 x 2.5 mm WLCSP to the 19 x 19 mm
caBGA. MachXO3L/LF devices support density
migration within the same package. Table 1.1 shows
the LUT densities, package and 1/O options, along with
other key parameters.

The MachXO3L/LF devices offer enhanced I/O features
such as drive strength control, slew rate control, PCI
compatibility, bus-keeper latches, pull-up resistors,
pull-down resistors, open drain outputs and hot
socketing. Pull-up, pull-down and bus-keeper features
are controllable on a “per-pin” basis. A user-
programmable internal oscillator is included in
MachXO3L/LF devices. The clock output from this
oscillator may be divided by the timer/counter for use
as clock input in functions such as LED control,
keyboard scanner and similar state machines.

The MachXO3L/LF devices also provide flexible,
reliable and secure configuration from on-chip
NVCM/Flash. These devices can also configure
themselves from external SPI Flash or be configured by
an external master through the JTAG test access port
or through the 12C port. Additionally, MachXO3L/LF
devices support dual-boot capability (using external
Flash memory) and remote field upgrade (TransFR)
capability.

Lattice provides a variety of design tools that allow
complex designs to be efficiently implemented using
the MachXO3L/LF family of devices. Popular logic
synthesis tools provide synthesis library support for
MachXO3L/LF. Lattice design tools use the synthesis
tool output along with the user-specified preferences
and constraints to place and route the design in the
MachXO3L/LF device. These tools extract the timing
from the routing and back-annotate it into the design
for timing verification.

Lattice provides many pre-engineered IP (Intellectual
Property) LatticeCORE™ modules, including a number
of reference designs licensed free of charge, optimized
for the MachXO3L/LF PLD family. By using these
configurable soft core IP cores as standardized blocks,
users are free to concentrate on the unique aspects of
their design, increasing their productivity.
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1.1. Features

1.1.1. Solutions

e Smallest footprint, lowest power, high data
throughput bridging solutions for mobile
applications

e Optimized footprint, logic density, 1/0 count, 1/O
performance devices for I/0O management and
logic applications

e High1/O logic, lowest cost I/0, high I/O devices for
I/0 expansion applications

1.1.2. Flexible Architecture

e Logic Density ranging from 64 to 9.4K LUT4
High 1/0 to LUT ratio with up to 384 1/0 pins

1.1.3. Advanced Packaging

e 0.4 mm pitch: 1K to 4K densities in very small
footprint WLCSP (2.5 mm x 2.5 mm to 3.8 mm x
3.8 mm) with 28 to 63 I/Os

e 0.5 mm pitch: 640 to 9.4K LUT densities in 6 mm x
6 mm to 10 mm x 10 mm BGA packages with up to
2811/0s

e 0.8 mm pitch: 1K to 9.4K densities with up to 384
I/Os in BGA packages

1.1.4. Pre-Engineered Source Synchronous
1/0

e DDRregistersin 1/O cells

e Dedicated gearing logic

e 7:1 Gearing for Display 1/Os

e Generic DDR, DDRx2, DDRx4

1.1.5. High Performance, Flexible 1/O Buffer
e  Programmable sysl/O™ buffer supports wide
range of interfaces:
e |LVCMOS 3.3/2.5/1.8/1.5/1.2
e |VTTL
e LVDS, Bus-LVDS, MLVDS, LVPECL
e  MIPI D-PHY Emulated
e Schmitt trigger inputs, up to 0.5 V hysteresis
e Ideal for I/O bridging applications
e |/Os support hot socketing
e On-chip differential termination
e  Programmable pull-up or pull-down mode

s LATTICE

1.1.6. Flexible On-Chip Clocking

e  Eight primary clocks

e Up to two edge clocks for high-speed I/0
interfaces (top and bottom sides only)

e Up to two analog PLLs per device with fractional-n
frequency synthesis

e Wide input frequency range (7 MHz to
400 MHz).

1.1.7. Non-volatile, Multi-time
Programmable

e Instant-on
e  Powers up in microseconds

e  Optional dual boot with external SPI memory

e Single-chip, secure solution

e Programmable through JTAG, SPI or I12C

e  MachXO3L includes multi-time programmable
NVCM

e MachXO3LF reconfigurable Flash includes 100,000
write/erase cycle

e  Supports background programming of
non-volatile memory

1.1.8. TransFR Reconfiguration

In-field logic update while 1/0 holds the system
state

1.1.9. Enhanced System Level Support

e On-chip hardened functions: SPI, I°C,
timer/counter

e On-chip oscillator with 5.5% accuracy

e Unique TracelD for system tracking

e Single power supply with extended operating
range

e |EEE Standard 1149.1 boundary scan

e |EEE 1532 compliant in-system programming

1.1.10. Applications

e  Consumer Electronics

e Compute and Storage

e  Wireless Communications
e Industrial Control Systems
e  Automotive System

1.1.11. Low Cost Migration Path

Migration from the Flash based MachXO3LF to the
NVCM based MachX03L

Pin compatible and equivalent timing
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Table 1.1. MachXO3L/LF Family Selection Guide

MachXO3L- MachXO3L- MachXO03L- MachXO3L- MachXO3L- MachXO3L-
Features 640/ 1300/ 2100/ 4300/ 6900/ 9400/
MachXO3LF- MachXO3LF- MachXO3LF- | MachXO3LF- | MachXO3LF- | MachXO3LF-
640 1300 2100 4300 6900 9400
LUTs 640 1300 2100 4300 6900* 9400*
Distributed RAM (kb) 5 10 16 34 54 73
EBR SRAM (kb) 64 64 74 92 240 432
UFM (kb, MachXO3LF 64 64 80 9% 256 448
only)
Device c — Yes Yes Yes Yes Yes
Options E® Yes Yes Yes Yes Yes Yes
Number of PLLs 1
12C 2
SPI 1
Hardened -
Functions Timer/ 1 1 1 1 1 1
Counter
Oscillator 1 1 1 1 1 1
MIPI D-PHY Support Yes Yes Yes Yes Yes Yes
Multi Time MachXO3L- MachXO3L- MachX03L- MachXO3L-
Programmable NVCM MachX03L-640 | MachX03L-1300 2100 4300 6900 9400
MachXO3LF- MachXO3LF- MachXO3LF- MachXO3LF- MachXO3LF-
Programmable Flash MachXO3LF-640 1300 2100 4300 6900 9400
Packages 1/0
36-ball WLCSP? 28
(2.5 mm x 2.5 mm, 0.4 mm)
49-ball WLCSP* 38
(3.2 mm x 3.2 mm, 0.4 mm)
81-ball WLCSP? 63
(3.8 mm x 3.8 mm, 0.4 mm)
121-ball csfBGA*
(6 mm x 6 mm, 0.5 mm) 100 100 100 100
256-ball csfBGA!
(9 mm x 9 mm, 0.5 mm) 206 206 206 206 206
324-ball csfBGA!
281
(10 mm x 10 mm, 0.5 mm) 268 268
256-ball caBGA
2 2 2 2 3
(14 mm x 14 mm, 0.8 mm) 206 206 206 206 206
324-ball caBGA?
279
(15 mm x 15 mm, 0.8 mm) e -
400-ball caBGA 3352 3352 3353
(17 mm x 17 mm, 0.8 mm)
484-ball caBGA 3843

(19 mm x 19 mm, 0.8 mm)

Notes:

1. Package is only available for E=1.2 V devices.
2. Package is only available for C=2.5 V/3.3 V devices in 6900 LUT and smaller densities. (Both C and E variants are available for

9400 LUT devices).

3. Package is available for both E=1.2 V and C=2.5 V/3.3 V devices.
4. Refer to Power and Thermal Estimation and Management for MachXO3 Devices (TN1289) for determination of safe ambient

operating conditions.

5. High Performance with regulator — VCC=2.5V/3.3 V.
6. High Performance without regulator —VCC=1.2 V.
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2. Architecture

2.1. Architecture Overview

The MachXO3L/LF family architecture contains an array of logic blocks surrounded by Programmable I/O (P10). All logic
density devices in this family have sysCLOCK™ PLLs and blocks of sysMEM Embedded Block RAM (EBRs). Figure 2.1 and
Figure 2.2 show the block diagrams of the various family members.

Configuration
Flash 1/2 ]

sysCLOCK PLL ——]

PIOs Arranged into
sysl/O Banks

sl\

/

—— UFM/User Key
| — Embedded Function Block (EFB)

O00000000000000 O000000000800000
O00000000000000 O0000000008000080
O00000000000000 O0000000008000080
O00000000000000 O000000000800000

O00000000000000 O0000000008000080
O00000000000000 O0000000008000080
O00000000000000 O000000000800000
O00000000000000 O000000000000080

O00000000000000 O000000000800000
O00000000000000 000000000000008
O00000000000000 O0000000008000080
O00000000000000 O0000000008000080
O00000000000000 O0000000008000080
O00000000000000 O0000000008000080
O00000000000000 O0000000008000080

TR [ | E— - —
OO00O000000000

O00000000000000 O000000000800000

O00000000000000 O0000000008000000

Embedded Security Block

sysMEM Embedded
- Block RAM (EBR)

Programmable Function Units
with Distributed RAM (PFUs)

Notes:

e MachXO3L/LF-640 is similar to MachXO3L/LF-1300. MachXO3L/LF-640 has a lower LUT count.

Figure 2.1. Top View of the MachXO3L/LF-1300 Device

. MachXO3L devices have NVCM, MachXO3LF devices have Flash.
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Embedded

| /I// Function Block (EFB)
——+—— NVCM1/UFM
[ —
o

sysCLOK PLL =11 | ppppEEEEEEUNDEE DNDEDDEDDEDDD
555 o o o o o o o [ [
I o o o
5
5
|

]

|

Configuration __—
NVCMO/Flash

[ ] [
[ o [ sysMEM Embedded

CEEEEEEEE EE o o o
CEEEEEEEE EE o o o |
/’ — Block (EBR)
PIOs Arranged Into
CEEEEEEEE EE o o o
OOOEO0EEOEEEE o o

\

syslO Banks

Programmable Function Units
|+ with Distributed RAM (PFUs)

Notes:

* MachXO3L/LF-1300, MachXO3L/LF-2100, MachXO3L/LF-6900 and MachXO3L/LF-9400 are similar to MachXO3L/LF-4300. MachXO3L/LF-1300 has
a lower LUT count, one PLL, and seven EBR blocks. MachXO3L/LF-2100 has a lower LUT count, one PLL, and eight EBR blocks.
MachXO3L/LF-6900 has a higher LUT count, two PLLs, and 26 EBR blocks. MachXO3L/LF-9400 has a higher LUT count, two PLLs, and 48 E blocks.

* MachXO3L devices have NVCM, MachXO3LF devices have Flash.

Figure 2.2. Top View of the MachXO3L/LF-4300 Device

The logic blocks, Programmable Functional Unit (PFU) and sysMEM EBR blocks, are arranged in a two-dimensional grid
with rows and columns. Each row has either the logic blocks or the EBR blocks. The PIO cells are located at the
periphery of the device, arranged in banks. The PFU contains the building blocks for logic, arithmetic, RAM, ROM, and
register functions. The PIOs utilize a flexible I/O buffer referred to as a sysl/O buffer that supports operation with a
variety of interface standards. The blocks are connected with many vertical and horizontal routing channel resources.
The place and route software tool automatically allocates these routing resources.

In the MachXO3L/LF family, the number of sysl/O banks varies by device. There are different types of 1/0 buffers on the
different banks. Refer to the details in later sections of this document. The sysMEM EBRs are large, dedicated fast
memory blocks. These blocks can be configured as RAM, ROM or FIFO. FIFO support includes dedicated FIFO pointer
and flag “hard” control logic to minimize LUT usage.

The MachXO3L/LF registers in PFU and sysl/O can be configured to be SET or RESET. After power up and device is
configured, the device enters into user mode with these registers SET/RESET according to the configuration set-ting,
allowing device entering to a known state for predictable system function.

The MachXO3L/LF architecture also provides up to two sysCLOCK Phase Locked Loop (PLL) blocks. These blocks are
located at the ends of the on-chip NVCM/Flash block. The PLLs have multiply, divide, and phase shifting capabilities
that are used to manage the frequency and phase relationships of the clocks.

MachXO3L/LF devices provide commonly used hardened functions such as SPI controller, 12C controller and timer/
counter.

MachXO3LF devices also provide User Flash Memory (UFM). These hardened functions and the UFM interface to the
core logic and routing through a WISHBONE interface. The UFM can also be accessed through the SPI, 1°C and JTAG
ports.

Every device in the family has a JTAG port that supports programming and configuration of the device as well as access
to the user logic. The MachXO3L/LF devices are available for operation from 3.3V, 2.5V and 1.2 V power supplies,
providing easy integration into the overall system.

© 2014-2018 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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The core of the MachXO3L/LF device consists of PFU blocks, which can be programmed to perform logic, arithmetic,
distributed RAM and distributed ROM functions. Each PFU block consists of four interconnected slices numbered 0 to 3
as shown in Figure 2.3. Each slice contains two LUTs and two registers. There are 53 inputs and 25 outputs associated

with each PFU block.
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2.2.1. Slices
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Figure 2.3. PFU Block Diagram

v

v

vy
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Slices 0-3 contain two LUT4s feeding two registers. Slices 0-2 can be configured as distributed memory. Table 2.1 shows
the capability of the slices in PFU blocks along with the operation modes they enable. In addition, each PFU contains
logic that allows the LUTs to be combined to perform functions such as LUT5, LUT6, LUT7 and LUT8. The control logic
performs set/reset functions (programmable as synchronous/ asynchronous), clock select, chip select and wider

RAM/ROM functions.

Table 2.1. Resources and Modes Available per Slice

PFU Block
Slice
Resources Modes
Slice 0 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 1 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 2 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 3 2 LUT4s and 2 Registers Logic, Ripple, ROM

Figure 2.4 shows an overview of the internal logic of the slice. The registers in the slice can be configured for positive/
negative and edge triggered or level sensitive clocks. All slices have 15 inputs from routing and one from the carry-

chain (from the adjacent slice or PFU). There are seven outputs: six for routing and one to carry-chain (to the adjacent
PFU). Table 2.2 lists the signals associated with Slices 0-3.
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FCO To Different Slice/PFU

A
Slice
FXB » p OFX1
[ L
FXA K .
Al » co g
31 E F/SUM
1 P ~
» LUT4 & » —PD > Q1
> g Carry > Flip-flop/
P Latch
Cl _: To
A Routing
M1
E Mo LUT5
rom Mux
_> |-
Routing [§ » OFX0
A0 P CcO
BO > > o
Co » »
DO p LUT4 & J_ -
Carry  Fisum > » D % Qo
|-
i v »! Flip-flop/
i 0_; Latch
CE
CLK
LSR
Memory & FCI From
Control Different
Signals Slice/PFU

For Slices 0 and 1, memory control signals are generated from Slice 2 as follows:
+ WCK is CLK
* WRE is from LSR
« DI[3:2] for Slice 1 and DI[1:0] for Slice 0 data from Slice 2
« WAD [A:D] is a 4-bit address from slice 2 LUT input

Figure 2.4. Slice Diagram

Table 2.2. Slice Signal Descriptions

Function Type Signal Names Description
Input Data signal A0, BO, CO, DO Inputs to LUT4
Input Data signal Al,B1,C1,D1 Inputs to LUT4
Input Multi-purpose Mo/M1 Multi-purpose input
Input Control signal CE Clock enable
Input Control signal LSR Local set/reset
Input Control signal CLK System clock
Input Inter-PFU signal FCIN Fast carry in'
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Qo, Q1 Register outputs
Output Data signals OFX0 Output of a LUT5 MUX
Output Data signals OFX1 Output of a LUT6, LUT7, LUT8? MUX depending on the slice
Output Inter-PFU signal FCO Fast carry out*
Notes:

1. See Figure 2.3 for connection details.

2.  Requires two PFUs.
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2.2.2. Modes of Operation

Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM.

2.2.2.1. Logic Mode

In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have 16 possible
input combinations. Any four input logic functions can be generated by programming this lookup table. Since there are
two LUT4s per slice, a LUT5 can be constructed within one slice. Larger look-up tables such as LUT6, LUT7 and LUT8 can
be constructed by concatenating other slices. Note LUT8 requires more than four slices.

2.2.2.2. Ripple Mode

Ripple mode supports the efficient implementation of small arithmetic functions. In Ripple mode, the following
functions can be implemented by each slice:
e Addition 2-bit
e Subtraction 2-bit
e  Add/subtract 2-bit using dynamic control
e Up counter 2-bit
e Down counter 2-bit
e Up/down counter with asynchronous clear
e Up/down counter with preload (sync)
e Ripple mode multiplier building block
e  Multiplier support
e Comparator functions of A and B inputs
e A greater-than-or-equal-to B
e Anot-equal-to B
e Aless-than-or-equal-to B

Ripple mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this
configuration (also referred to as CCU2 mode) two additional signals, Carry Generate and Carry Propagate, are
generated on a per-slice basis to allow fast arithmetic functions to be constructed by concatenating slices.

2.2.3. RAM Mode

In this mode, a 16x4-bit distributed single port RAM (SPR) can be constructed by using each LUT block in Slice 0 and Slice
1 as a 16x1-bit memory. Slice 2 is used to provide memory address and control signals.

MachXO3L/LF devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the software
will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2.3 shows the
number of slices required to implement different distributed RAM primitives. For more information about using RAM in
MachXO3L/LF devices, please see Memory Usage Guide for MachXO3 Devices (TN1290).

Table 2.3. Number of Slices Required For Implementing Distributed RAM

SPR16x 4 PDPR 16 x 4
| Number of slices 3 3
Note: SPR = Single Pot RAM, PDPR = Pseudo Dual Port RAM

2.2.4. ROM Mode

ROM mode uses the LUT logic; hence, slices 0-3 can be used in ROM mode. Preloading is accomplished through the
programming interface during PFU configuration.

For more information on the RAM and ROM modes, please refer to Memory Usage Guide for MachX0O3 Devices
(TN1290).
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2.3. Routing

There are many resources provided in the MachXO3L/LF devices to route signals individually or as buses with related
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.

The inter-PFU connections are made with three different types of routing resources: x1 (spans two PFUs), x2 (spans
three PFUs) and x6 (spans seven PFUs). The x1, x2, and x6 connections provide fast and efficient connections in the
horizontal and vertical directions.

The design tools take the output of the synthesis tool and places and routes the design. Generally, the place and route
tool is completely automatic, although an interactive routing editor is available to optimize the design.

2.4. Clock/Control Distribution Network

Each MachXO3L/LF device has eight clock inputs (PCLK [T, C] [Banknum]_[2..0]) — three pins on the left side, two pins
each on the bottom and top sides and one pin on the right side. These clock inputs drive the clock nets. These eight
inputs can be differential or single-ended and may be used as general purpose I/0 if they are not used to drive the
clock nets. When using a single ended clock input, only the PCLKT input can drive the clock tree directly.

The MachXO3L/LF architecture has three types of clocking resources: edge clocks, primary clocks and secondary high
fanout nets. MachXO3L/LF devices have two edge clocks each on the top and bottom edges. Edge clocks are used to
clock 1/0 registers and have low injection time and skew. Edge clock inputs are from PLL outputs, primary clock pads,
edge clock bridge outputs and CIB sources.

The eight primary clock lines in the primary clock network drive throughout the entire device and can provide clocks for
all resources within the device including PFUs, EBRs and PICs. In addition to the primary clock signals, MachXO3L/LF
devices also have eight secondary high fanout signals which can be used for global control signals, such as clock
enables, synchronous or asynchronous clears, presets, output enables, etc. Internal logic can drive the global clock
network for internally-generated global clocks and control signals.

The maximum frequency for the primary clock network is shown in the MachXO3L/LF External Switching Characteristics
table.

Primary clock signals for the MachXO3L/LF-1300 and larger devices are generated from eight 27:1 muxes The available
clock sources include eight I/O sources, 11 routing inputs, eight clock divider inputs and up to eight sysCLOCK PLL
outputs.
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Figure 2.5. Primary Clocks for MachXO3L/F Devices

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2.6. One of the eight inputs to
the secondary high fanout net input mux comes from dual function clock pins and the remaining seven come from
internal routing. The maximum frequency for the secondary clock network is shown in MachXO3L/LF External Switching
Characteristics table.
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Figure 2.6. Secondary High Fanout Nets for MachXO3L/F Devices

2.4.1. sysCLOCK Phase Locked Loops (PLLs)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. All MachXO3L/LF devices have one or more
sysCLOCK PLL. CLKI is the reference frequency input to the PLL and its source can come from an external 1/O pin or from
internal routing. CLKFB is the feedback signal to the PLL which can come from internal routing or an external I/O pin.
The feedback divider is used to multiply the reference frequency and thus synthesize a higher frequency clock output.

The MachXO3L/LF sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency
synthesis allows the user to generate an output clock which is a non-integer multiple of the input frequency. For more
information about using the PLL with Fractional-N synthesis, please see MachX03 sysCLOCK PLL Design and Usage
Guide (TN1282).

Each output has its own output divider, thus allowing the PLL to generate different frequencies for each output. The
output dividers can have a value from 1 to 128. The output dividers may also be cascaded together to generate low
frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the MachXO3L/LF clock
distribution network directly or general purpose routing resources can be used.

The LOCK signal is asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is detected. A
block diagram of the PLL is shown in Figure 2.7.
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The setup and hold times of the device can be improved by programming a phase shift into the CLKOS, CLKOS2, and
CLKOS3 output clocks which will advance or delay the output clock with reference to the CLKOP output clock.

This phase shift can be either programmed during configuration or can be adjusted dynamically. In dynamic mode, the
PLL may lose lock after a phase adjustment on the output used as the feedback source and not relock until the tiock
parameter has been satisfied.

The MachXO3L/LF also has a feature that allows the user to select between two different reference clock sources
dynamically. This feature is implemented using the PLLREFCS primitive. The timing parameters for the PLL are shown in
the sysCLOCK PLL Timing table.

The MachXO3L/LF PLL contains a WISHBONE port feature that allows the PLL settings, including divider values, to be
dynamically changed from the user logic. When using this feature the EFB block must also be instantiated in the design
to allow access to the WISHBONE ports. Similar to the dynamic phase adjustment, when PLL settings are updated
through the WISHBONE port the PLL may lose lock and not relock until the tLOCK parameter has been satisfied. The
timing parameters for the PLL are shown in the sysCLOCK PLL Timing table.

For more details on the PLL and the WISHBONE interface, see MachX03 sysCLOCK PLL Design and Usage Guide
(TN1282).
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Figure 2.7. PLL Diagram
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Table 2.4 provides signal descriptions of the PLL block.
Table 2.4. PLL Signal Descriptions

Port Name 1/0 Description
CLKI | Input clock to PLL
CLKFB | Feedback clock
PHASESEL[1:0] | Select which output is affected by Dynamic Phase adjustment ports
PHASEDIR | Dynamic Phase adjustment direction
PHASESTEP | Dynamic Phase step — toggle shifts VCO phase adjust by one step.
CLKOP (] Primary PLL output clock (with phase shift adjustment)
CLKOS 0 Secondary PLL output clock (with phase shift adjust)
CLKOS2 0 Secondary PLL output clock2 (with phase shift adjust)
CLKOS3 0 Secondary PLL output clock3 (with phrase shift adjust)
LOCK 0] PLL LOCK, asynchronous signal. Active high indicates PLL is locked to input and
feedback signals.
DPHSRC (0] Dynamic Phase source — ports or WISHBONE is active
STDBY | Standby signal to power down the PLL
RST | PLL reset without resetting the M-driver. Active high reset.
RESETM | PLL rest — includes resetting the M-divider. Active high reset.
RESETC | Reset for CLKOS2 output divider only. Active high reset.
RESETD | Reset for CLKOS3 output divider only. Active high reset.
ENCLKOP | Enable PLL output CLKOP
ENCLKOS | Enable PLL output CLKOS when port is active
ENCLKOS2 | Enable PLL output CLKOS2 when port is active
ENCLKOS3 | Enable PLL output CLKOS3 when port is active
PLLCLK | PLL data bus clock input signal
PLLRST | PLL data bus reset. This resets only the data bus not any register values.
PLLSTB | PLL data bus strobe signal
PLLWE | PLL data bus write enable signal
PLLADDR [4:0] | PLL data bus address
PLLDATI [7:0] | PLL data bus data input
PLLDATO [7:0] (0} PLL data bus data output
PLLACK (0} PLL data bus acknowledge signal
© 2014-2018 Lattice Semiconductor Corp. Al Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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2.5. sysMEM Embedded Block RAM Memory

The MachXO3L/LF devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a 9-Kbit RAM, with
dedicated input and output registers. This memory can be used for a wide variety of purposes including data buffering,
PROM for the soft processor and FIFO.

2.5.1. sysMEM Memory Block

The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be used in
a variety of depths and widths as shown in Table 2.5.

Table 2.5. sysMEM Block Configurations

Memory Mode Configurations

8,192 x1
4,096 x 2
2,048 x 4
1,024 x9
8,192 x1
4,096 x 2
2,048 x 4
1,024 x9
8,192 x1
4,096 x 2
Pseudo Dual Port 2,048 x 4
1,024 x9
512 x 18
8,192 x1
4,096 x 2
FIFO 2,048 x 4
1,024 x 9
512 x 18

Single Port

True Dual Port

2.5.2. Bus Size Matching

All of the multi-port memory modes support different widths on each of the ports. The RAM bits are mapped LSB word
0 to MSB word 0, LSB word 1 to MSB word 1, and so on. Although the word size and number of words for each port
varies, this mapping scheme applies to each port.

2.5.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be pre-loaded during device configuration. EBR initialization data can be loaded
from the NVCM or Configuration Flash.

MachXO3LF EBR initialization data can also be loaded from the UFM. To maximize the number of UFM bits, initialize
the EBRs used in your design to an all-zero pattern. Initializing to an all-zero pattern does not use up UFM bits.
MachXO3LF devices have been designed such that multiple EBRs share the same initialization memory space if they are
initialized to the same pattern.

By preloading the RAM block during the chip configuration cycle and disabling the write controls, the sysMEM block
can also be utilized as a ROM.
2.5.4. Memory Cascading

Larger and deeper blocks of RAM can be created using EBR sysMEM Blocks. Typically, the Lattice design tools cascade
memory transparently, based on specific design inputs.
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2.5.5. Single, Dual, Pseudo-Dual Port and FIFO Modes

Figure 2.8 shows the five basic memory configurations and their input/output names. In all the sysMEM RAM modes,
the input data and addresses for the ports are registered at the input of the memory array. The output data of the
memory is optionally registered at the memory array output.

AD[12:0] > DIA[8:0] > < DI[8:0]
DI[8:0] > ADW[8:0] =
ADA[12:0] > < ADB[12:0] DI[17:0] > < ADR[12:0]
- > < CLKB : >
CLK N CLKA > 5 BE[1:0] - CLKR
ocCEE > CEA > < CEB CLKW > > CER
"|  EBR »DO[8:0] RSTA »| EBR RSTB CEw [—>  EBR =
RST > WEA > < WEB RST > » DO[17:0]
WE > CSA[2:0] > < CSB[2:0] > OCER
Cs[2:0] g OCEA > < OCEB CSW[2:0] > > CSR[2:0]
DOA[8:0] [ » DOB[8:0]
Single-Port RAM True Dual Port RAM Pseudo Dual Port RAM
ol AFF AD[12:0] >
DI[17:0] > FF
‘ > AEF N
CLKW > > cF cLK >
WE > DO[17:0] CE -
»| EBR - ORE OCE EBR > DO[17:0]
RST
CLKR
FULLI > ™ RE RST
CSW([1:0] > < EMPTYI
- CSR[1:0] CS[2:0] >
< RPRST
FIFORAM ROM

Figure 2.8. sysMEM Memory Primitives

Table 2.6. EBR Signal Descriptions

Port Name Description Active State
CLK Clock Rising Clock Edge
CE Clock Enable Active High
OCE* Output Clock Enable Active High
RST Reset Active High
BE! Byte Enable Active High
WE Write Enable Active High
AD Address Bus —

DI Data In —

DO Data Out —

cS Chip Select Active High
AFF FIFO RAM Almost Full Flag —

FF FIFO RAM Full Flag —

AEF FIFO RAM Almost Empty Flag —
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Port Name Description Active State
EF FIFO RAM Empty Flag —
RPRST FIFO RAM Read Pointer Reset —
Notes:
1. Optional signals.
2. For dual port EBR primitives a trailing ‘A’ or ‘B’ in the signal name specifies the EBR port A or port B respectively.
3. For FIFO RAM mode primitive, a trailing ‘R’ or ‘W’ in the signal name specifies the FIFO read port or write port respectively.
4.  For FIFO RAM mode primitive FULLI has the same function as CSW(2) and EMPTY!I has the same function as CSR(2).
5. In FIFO mode, CLKW is the write port clock, CSW is the write port chip select, CLKR is the read port clock, CSR is the read port

chip select, ORE is the output read enable.

The EBR memory supports three forms of write behavior for single or dual port operation:

e Normal — Data on the output appears only during the read cycle. During a write cycle, the data (at the current
address) does not appear on the output. This mode is supported for all data widths.

e  Write Through — A copy of the input data appears at the output of the same port. This mode is supported for all
data widths.

e Read-Before-Write — When new data is being written, the old contents of the address appears at the output.

2.5.6. FIFO Configuration

The FIFO has a write port with data-in, CEW, WE and CLKW signals. There is a separate read port with data-out, RCE, RE
and CLKR signals. The FIFO internally generates Almost Full, Full, Almost Empty and Empty Flags. The Full and Almost
Full flags are registered with CLKW. The Empty and Almost Empty flags are registered with CLKR. Table 2.7 shows the
range of programming values for these flags.

Table 2.7. Programmable FIFO Flag Ranges

Flag Name Programming Range
Full (FF) 1 to max (up to 2"-1)
Almost Full (AF) 1to Full-1
Almost Empty (AE) 1to Full-1
Empty (EF) 0

N = Address bit width.

The FIFO state machine supports two types of reset signals: RST and RPRST. The RST signal is a global reset that clears
the contents of the FIFO by resetting the read/write pointer and puts the FIFO flags in their initial reset state. The
RPRST signal is used to reset the read pointer. The purpose of this reset is to retransmit the data that is in the FIFO. In
these applications it is important to keep careful track of when a packet is written into or read from the FIFO.

2.5.7. Memory Core Reset

The memory core contains data output latches for ports A and B. These are simple latches that can be reset
synchronously or asynchronously. RSTA and RSTB are local signals, which reset the output latches associated with port
A and port B respectively. The Global Reset (GSRN) signal resets both ports. The output data latches and associated
resets for both ports are as shown in Figure 2.9.
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Figure 2.9. Memory Core Reset

For further information on the sysMEM EBR block, please refer to Memory Usage Guide for MachXO3 Devices
(TN1290).

2.5.8. EBR Asynchronous Reset

EBR asynchronous reset or GSR (if used) can only be applied if all clock enables are low for a clock cycle before the
reset is applied and released a clock cycle after the reset is released, as shown in Figure 2.10. The GSR input to the EBR
is always asynchronous.

Reset

Clock

Clock
Enable

Figure 2.10. EBR Asynchronous Reset (Including GSR) Timing Diagram

If all clock enables remain enabled, the EBR asynchronous reset or GSR may only be applied and released after the EBR
read and write clock inputs are in a steady state condition for a minimum of 1/fMAX (EBR clock). The reset release must
adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

If an EBR is pre-loaded during configuration, the GSR input must be disabled or the release of the GSR during device
wake up must occur before the release of the device I/Os becoming active.
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These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR signal is
always enabled and the WE and RE signals act like the clock enable signals in Figure 2.10. The reset timing rules apply
to the RPReset input versus the RE input and the RST input versus the WE and RE inputs. Both RST and RPReset are
always asynchronous EBR inputs. For more details refer to Memory Usage Guide for MachXO3 Devices (TN1290).

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.

2.6. Programmable 1/0 Cells (PIC)

The programmable logic associated with an I/O is called a PIO. The individual PIO are connected to their respective
sysl/O buffers and pads. On the MachXO3L/LF devices, the PIO cells are assembled into groups of four PIO cells called a
Programmable 1/0O Cell or PIC. The PICs are placed on all four sides of the device.

On all the MachXO3L/LF devices, two adjacent PIOs can be combined to provide a complementary output driver pair.

All PIO pairs can implement differential receivers. Half of the PIO pairs on the top edge of these devices can be
configured as true LVDS transmit pairs. The PIO pairs on the bottom edge of these devices have on-chip differential
termination and, in the MachXO3L/LF-9400 devices, also provide PCl support.
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Figure 2.11. Group of Four Programmable 1/0 Cells
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2.7. PIO

The P10 contains three blocks: an input register block, output register block and tri-state register block. These blocks contain
registers for operating in a variety of modes along with the necessary clock and selection logic.

Table 2.8. PIO Signal List

Pin Name 1/0 Type Description

CE Input Clock Enable

D Input Pin input from sysl/O buffer

INDD Output Register bypassed input

INCK Output Clock input

Qo Output DDR positive edge input

Ql Output Registered input/DDR negative edge input
DO Input Output signal from the core (SDR and DDR)
D1 Input Output signal from the core (DDR)

D Input Tri-state signal from the core

Q Output Data output signals to sysl/O Buffer

TQ Output Tri-state output signals to sysl/O Buffer
SCLK Input System clock for input and output/tri-state blocks.
RST Input Local set reset signal

2.7.1. Input Register Block

The input register blocks for the PIOs on all edges contain delay elements and registers that can be used to condition
high-speed interface signals before they are passed to the device core.

2.7.1.1. Left, Top, Bottom Edges

Input signals are fed from the sysl/O buffer to the input register block (as signal D). If desired, the input signal can
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), and a clock (INCK). If an
input delay is desired, users can select a fixed delay. I/Os on the bottom edge also have a dynamic delay, DEL[4:0]. The
delay, if selected, reduces input register hold time requirements when using a global clock. The input block allows two
modes of operation. In single data rate (SDR) the data is registered with the system clock (SCLK) by one of the registers
in the single data rate sync register block. In Generic DDR mode, two registers are used to sample the data on the
positive and negative edges of the system clock (SCLK) signal, creating two data streams.

2.7.2. Output Register Block

The output register block registers signals from the core of the device before they are passed to the sysl/O buffers.

2.7.2.1. Left, Top, Bottom Edges

In SDR mode, DO feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a D-type
register or latch.

In DDR generic mode, DO and D1 inputs are fed into registers on the positive edge of the clock. At the next falling edge
the registered D1 input is registered into the register Q1. A multiplexer running off the same clock is used to switch the
mux between the outputs of registers Q0 and Q1 that will then feed the output.

Figure 2.12 shows the output register block on the left, top and bottom edges.
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Figure 2.12. Sentry Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)

2.7.3. Tri-state Register Block

The tri-state register block registers tri-state control signals from the core of the device before they are passed to the
sysl/O buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that then
feeds the output.

2.8. Input Gearbox

Each PIC on the bottom edge has a built-in 1:8 input gearbox. Each of these input gearboxes may be programmed as a
1:7 de-serializer or as one IDDRX4 (1:8) gearbox or as two IDDRX2 (1:4) gearboxes. Table 2.9 shows the gearbox signals.

Table 2.9. Input Gearbox Signal List

Name 1/0 Type Description
D Input High-speed data input after programmable delay in PIO A input register block
ALIGNWD Input Data alignment signal from device core
SCLK Input Slow-speed system clock
ECLK[1:0] Input High-speed edge clock
RST Input Reset
Q[7:0] Output Low-speed data to device core:
Video RX(1:7): Q[6:0]
GDDRX4(1:8): Q[7:0]
GDDRX2(1:4)(I0L-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(I0L-C): Q0, Q1, Q2, Q3

These gearboxes have three stage pipeline registers. The first stage registers sample the high-speed input data by the high-speed
edge clock on its rising and falling edges. The second stage registers perform data alignment based on the control signals UPDATE
and SELO from the control block. The third stage pipeline registers pass the data to the device core synchronized to the low-speed
system clock. Figure 2.13 shows a block diagram of the input gearbox.
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Figure 2.13. Input Gearbox

More information on the input gearbox is available in Implementing High-Speed Interfaces with MachXO3 Devices
(TN1281).
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2.9. Output Gearbox

Each PIC on the top edge has a built-in 8:1 output gearbox. Each of these output gearboxes may be programmed as a
7:1 serializer or as one ODDRX4 (8:1) gearbox or as two ODDRX2 (4:1) gearboxes. Table 2.10 shows the gearbox signals.

Table 2.10. Output Gearbox Signal List

Name 1/0 Type Description
Q Output High-speed data output
D[7:0] Input Low-speed data from device core

Video TX(7:1): D[6:0] — —
GDDRX4(8:1): D[7:0] — —
GDDRX2(4:1)(I0L-A): D[3:0] — -
GDDRX2(4:1)(I0L-C): D[7:4] - —

SCLK Input Slow-speed system clock
ECLK [1:0] Input High-speed edge clock
RST Input Reset

The gearboxes have three stage pipeline registers. The first stage registers sample the low-speed input data on the low-
speed system clock. The second stage registers transfer data from the low-speed clock registers to the high- speed
clock registers. The third stage pipeline registers controlled by high-speed edge clock shift and mux the high-speed data
out to the sysl/O buffer. Figure 2.14 shows the output gearbox block diagram.
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Figure 2.14. Output Gearbox

More information on the output gearbox is available in Implementing High-Speed Interfaces with MachXO3 Devices
(TN1281).
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2.10. sysl/O Buffer

Each I/O is associated with a flexible buffer referred to as a sysl/O buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The sysl/O buffers allow users to implement a wide variety of
standards that are found in today’s systems including LVCMOS, TTL, PCI (MachXO3L/LF-9400 devices only), LVDS, BLVDS,
MLVDS and LVPECL.

Each bank is capable of supporting multiple I/0 standards. In the MachXO3L/LF devices, single-ended output buffers,
ratioed input buffers (LVTTL, LVCMOS and PCl), differential (LVDS) input buffers are powered using I/0 supply voltage
(Vceio). Each sysl/O bank has its own Vcgpo.

MachXO3L/LF devices contain three types of sysl/O buffer pairs.
e Left and Right sysl/O Buffer Pairs

The sysl/O buffer pairs in the left and right banks of the device consist of two single-ended output drivers and two
single-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the left and right of the
devices also have differential input buffers.

e Bottom sysl/O Buffer Pairs

The sysl/O buffer pairs in the bottom bank of the device consist of two single-ended output drivers and two single-
ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the bottom also have
differential input buffers. In the MachXO3L/LF-9400 devices, only the I/Os on the bottom banks have
programmable PCI clamps and differential input termination. The PCI clamp is enabled after Vcc and Vo are at
valid operating levels and the device has been configured.

e Top sysl/O Buffer Pairs

The sysl/O buffer pairs in the top bank of the device consist of two single-ended output drivers and two
single-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the top also have
differential I/0 buffers. Half of the sysl/O buffer pairs on the top edge have true differential outputs. The sysl/O
buffer pair comprising of the A and B PIOs in every PIC on the top edge have a differential output driver.

2.10.1. Typical I/O Behavior during Power-up

The internal power-on-reset (POR) signal is deactivated when Vcc and Vccioo have reached VPORUP level defined in the
Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. After the POR signal is
deactivated, the FPGA core logic becomes active. It is the user’s responsibility to ensure that all Vccio banks are active
with valid input logic levels to properly control the output logic states of all the 1/O banks that are critical to the
application. The default configuration of the I/O pins in a blank device is tri-state with a weak pull-down to GND (some
pins such as PROGRAMN and the JTAG pins have weak pull-up to Vccio as the default functionality). The 1/0 pins will
maintain the blank configuration until Vcc and Vo (for 1/0 banks containing configuration 1/Os) have reached VPORUP
levels at which time the 1/Os will take on the user-configured settings only after a proper download/configuration.

There are various ways a user can ensure that there are no spurious signals on critical outputs as the device powers up.
These are discussed in more detail in MachX03 syslO Usage Guide (TN1280).

2.10.2. Supported Standards

The MachXO3L/LF sysl/O buffer supports both single-ended and differential standards. Single-ended standards can be
further subdivided into LVCMOS, LVTTL, and PCI. The buffer supports the LVTTL, PCI, LVCMOS 1.2V, 1.5V,1.8V, 2.5V,
and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individually configurable options for drive
strength, bus maintenance (weak pull-up, weak pull-down, bus-keeper latch or none) and open drain. BLVDS, MLVDS
and LVPECL output emulation is supported on all devices. The MachXO3L/LF devices support on-chip LVDS output
buffers on approximately 50% of the I/Os on the top bank. Differential receivers for LVDS, BLVDS, MLVDS and LVPECL
are supported on all banks of MachXO3L/LF devices. PCl compatibility is supported in the bottom bank of the
MachXO3L/LF-9400 devices only. PCl support is provided by:

e Selecting the LVTTL33 buffer standard

e Enabling the clamp feature

e Setting 16 mA drive strength (PCl output only).
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Table 2.11 shows the I/O standards (together with their supply and reference voltages) supported by the MachXO3L/LF
devices. For further information on utilizing the sysl/O buffer to support a variety of standards please see MachX03

syslO Usage Guide (TN1280).
Table 2.11. Supported Input Standards

Vcco (Typ.)
Input Standard 33V 25v | 18v | 15V 12V
Single-Ended Interfaces
LVTTL Yes Yes? Yes? Yes? —
LVCMOS33 Yes Yes? Yes? Yes? —
LVCMOS25 Yes? Yes Yes? Yes? —
LVCMOS18 Yes? Yes? Yes Yes? —
LVCMOS15 Yes? Yes? Yes? Yes Yes?
LVCMOS12 Yes? Yes? Yes? Yes? Yes
PCI3 Yes — — — —
Differential Interfaces
LVDS Yes Yes — — —
BLVDS, MLVDS, LVPECL, RSDS Yes Yes — — —
MmipI* Yes Yes — — —
LVTTLD Yes — — — —
LVCMOS33D Yes — - - -
LVCMOS25D — Yes — — —
LVCMOS18D - — Yes — —
Notes:

1. These interfaces can be emulated with external resistors in all devices.

2.  Reduced functionality. Refer to MachX03 syslO Usage Guide (TN1280) for more details.
3. PClinput is supported for MachXO3L/LF-9400 devices, bottom bank 2 only. See the Supported Standards section.

Table 2.12. Supported Output Standards

Output Standard Vceio (Typ.)
Single-Ended Interfaces
LVTTL 33
LVCMOS33 33
LVCMOS25 25
LVCMOS18 1.8
LVCMOS15 1.5
LVCMOS12 1.2
LVCMOS33, Open Drain —
LVCMOS25, Open Drain —
LVCMOS18, Open Drain —
LVCMOS15, Open Drain —
LVCMOS12, Open Drain —
PCI332 33
Differential Interfaces
LvDS? 25,33
BLVDS, MLVDS, RSDS?! 2.5
LVPECL! 33
MIPI 2.5
© 2014-2018 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Output Standard Vceio (Typ.)

LVTTLD 3.3

LVCMOS33D 3.3

LVCMOS25D 2.5

LVCMOS18D 1.8
Notes:

1. These interfaces can be emulated with external resistors in all devices.
2. PClinput is supported for MachXO3L/LF-9400 devices, bottom bank 2 only. See the Supported Standards section.

2.10.3. sysl/O Buffer Banks

The numbers of banks vary between the devices of this family. MachXO3L/LF-1300 in the 256 Ball packages and the
MachXO3L/LF-2100 and higher density devices have six I/O banks (one bank on the top, right and bottom side and
three banks on the left side). The MachXO3L/LF-1300 and lower density devices have four banks (one bank per side).
Figure 2.15 and Figure 2.16 show the sysl/O banks and their associated supplies for all devices.

GND VCCI00
F— ] ——
| I
——————— —4
=T Bank 0 =
VCCIO5 Im | |
GND I g : i vcclol
- T [or)
VCCI04 | | 3 |
GND |- "
L _[18 |
il I | GND
vceios | [ | |
GND I s L !
U_Ji= Bank 2 -~
c— — Bank2______ _
| |
A E— a—

GND VCCIO2

Figure 2.15. MachXO3L/LF-1300 in 256 Ball Packages, MachXO3L/LF-2100, MachXO3L/LF-4300, MachXO3L/LF-6900
and MachXO3L/LF-9400 Banks 1/O Banks
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Figure 2.16. MachXO3L/LF-640 and MachXO3L/LF-1300 Banks

2.11. Hot Socketing

The MachXO3L/LF devices have been carefully designed to ensure predictable behavior during power-up and power-
down. Leakage into I/O pins is controlled to within specified limits. This allows for easy integration with the rest of the
system. These capabilities make the MachXO3L/LF ideal for many multiple power supply and hot-swap applications.

2.12. On-chip Oscillator

Every MachXO3L/LF device has an internal CMOS oscillator. The oscillator output can be routed as a clock to the clock
tree or as a reference clock to the sysCLOCK PLL using general routing resources. The oscillator frequency can be
divided by internal logic. There is a dedicated programming bit and a user input to enable/disable the oscillator. The
oscillator frequency ranges from 2.08 MHz to 133 MHz. The software default value of the Master Clock (MCLK) is
nominally 2.08 MHz. When a different MCLK is selected during the design process, the following sequence takes place:

Device powers up with a nominal MCLK frequency of 2.08 MHz.
During configuration, users select a different master clock frequency.
The MCLK frequency changes to the selected frequency once the clock configuration bits are received.
If the user does not select a master clock frequency, then the configuration bitstream defaults to the MCLK
frequency of 2.08 MHz.
Table 2.13 lists all the available MCLK frequencies.

Table 2.13. Available MCLK Frequencies

MCLK (MHz, Nominal) MCLK (MHz, Nominal) MCLK (MHz, Nominal)

2.08 (default) 9.17 33.25
2.46 10.23 38

3.17 133 44.33

4.29 14.78 53.2

5.54 20.46 66.5

7 26.6 88.67

8.31 29.56 133
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2.13. Embedded Hardened IP Functions

All MachXO3L/LF devices provide embedded hardened functions such as SPI, 12C and Timer/Counter. MachXO3LF
devices also provide User Flash Memory (UFM). These embedded blocks interface through the WISHBONE interface
with routing as shown in Figure 2.17.

Core
Logic/
Routing

Logic

Configuration

Power
Control

1l

1

11

Embedded Function Block (EFB)

A

2.13.1.

5 . p— I/Os for I2C

<:> I=C (Primary) (Primary)

_____ 2
EFB <:::> I2C (Secondary) " N VOsfor I°C
WISHBONE N /[ (Secondary)
Interface SPI 1/Os for SPI

Timer/Counter
+
PLLO PLL1 NVCM/UFM -~ Indicates connection

Figure 2.17. Embedded Function Block Interface

Hardened I2C IP Core

¥~ through core logic/routing.

Every MachXO3L/LF device contains two I2C IP cores. These are the primary and secondary 1°C IP cores. Either of the
two cores can be configured either as an 1°C master or as an I2C slave. The only difference between the two IP cores is
that the primary core has pre-assigned 1/0 pins whereas users can assign I/O pins for the secondary core.

When the IP core is configured as a master it will be able to control other devices on the 12C bus through the interface.
When the core is configured as the slave, the device will be able to provide 1/0 expansion to an I2C Master. The I°C
cores support the following functionality:

e  Master and Slave operation

e  7-bit and 10-bit addressing

e  Multi-master arbitration support
e Up to 400 kHz data transfer speed

e General call support

e Interface to custom logic through 8-bit WISHBONE interface
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Figure 2.18. IC Core Block Diagram

Table 2.14 describes the signals interfacing with the I2C cores.

Table 2.14. I2C Core Signal Description

Signal Name

1/0

Description

i2c_scl

Bi-directional

Bi-directional clock line of the I12C core. The signal is an output if the I1°C core is in master
mode. The signal is an input if the 12C core is in slave mode. MUST be routed directly to the
pre-assigned 1/0O of the chip. Refer to the Pinout Information section of this document for
detailed pad and pin locations of I2C ports in each MachXO3L/LF device.

i2c_sda

Bi-directional

Bi-directional data line of the 12C core. The signal is an output when data is transmitted from
the I12C core. The signal is an input when data is received into the I°C core. MUST be routed
directly to the pre-assigned /0 of the chip. Refer to the Pinout Information section of this
document for detailed pad and pin locations of 1C ports in each MachXO3L/LF device.

i2c_irqo

Output

Interrupt request output signal of the 12C core. The intended usage of this signal is for it to be
connected to the WISHBONE master controller (i.e. a microcontroller or state machine) and
request an interrupt when a specific condition is met. These conditions are described with the
I2C register definitions.

cfg_wake

Output

Wake-up signal — To be connected only to the power module of the MachXO3L/LF device. The
signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, I1>C
Tab.

cfg_stdby

Output

Stand-by signal — To be connected only to the power module of the MachXO3L/LF device. The
signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, 12C
Tab.

2.13.2.

Hardened SPI IP Core

Every MachXO3L/LF device has a hard SPI IP core that can be configured as a SPI master or slave. When the IP core is
configured as a master it will be able to control other SPI enabled chips connected to the SPI bus. When the core is
configured as the slave, the device will be able to interface to an external SPI master. The SPI IP core on MachXO3L/LF
devices supports the following functions:

e Configurable Master and Slave modes

e  Full-Duplex data transfer
e Mode fault error flag with CPU interrupt capability

e Double-buffered data register

e  Serial clock with programmable polarity and phase

e  LSB First or MSB First Data Transfer

e Interface to custom logic through 8-bit WISHBONE interface
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There are some limitations on the use of the hardened user SPI. These are defined in the following technical notes:
e Minimizing System Interruption During Configuration Using TransFR Technology (TN1087) (Appendix B)
e Using Hardened Control Functions in MachXO3 Devices (TN1293)

Logic/
Routing

Configuration
Logic

TT

EFB

Core

SPI Function
:l/'\ MISO
—Imosi
EFB
WISHBONE <:> SPI c:> Control :V,\ SCK
Interface Registers Logic
:V'\ MCSN
:V,\ SCSN

Figure 2.19. SPI Core Block Diagram

Table 2.15 describes the signals interfacing with the SPI cores.

Table 2.15. SPI Core Signal Description

Signal Name 1/0 Master/Slave Description

spi_csn[0] 0] Master SPI master chip-select output

spi_csn[1..7] 0] Master Additional SPI chip-select outputs (total up to eight slaves)

spi_scsn | Slave SPI slave chip-select input

spi_irg 0} Master/Slave Interrupt request

spi_clk 1/0 Master/Slave SPI clock. Output in master mode. Input in slave mode.

spi_miso 1/0 Master/Slave SPI data. Input in master mode. Output in slave mode.

spi_mosi 1/0 Master/Slave SPI data. Output in master mode. Input in slave mode.

“n | Slave Configuration Slave Chip Select (active low), dedicated for selecting the
Configuration Logic.
Stand-by signal — To be connected only to the power module of the

cfg_stdby (o] Master/Slave MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” feature
has been set within the EFB GUI, SPI Tab.
Wake-up signal — To be connected only to the power module of the

cfg_wake (o] Master/Slave MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” feature
has been set within the EFB GUI, SPI Tab.
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2.13.3.

Hardened Timer/Counter

MachXO3L/LF devices provide a hard Timer/Counter IP core. This Timer/Counter is a general purpose, bidirectional,
16-bit timer/counter module with independent output compare units and PWM support. The Timer/Counter supports

the following functions:

Supports the following modes of operation:

Fast PWM

e  Phase and Frequency Correct PWM

Watchdog timer
Clear timer on compare match

Programmable clock input source

Programmable input clock prescaler

One static interrupt output to routing

One wake-up interrupt to on-chip standby mode controller

Three independent interrupt sources: overflow, output compare match, and input capture

Auto reload

Time-stamping support on the input capture unit

Waveform generation on the output
Glitch-free PWM waveform generation with variable PWM period
Internal WISHBONE bus access to the control and status registers

Stand-alone mode with preloaded control registers and direct reset input

Core
Logic
Routing

EFB

%

J\ EFB /1_
WISHBONE

U Interface Ay

X;

Timer/
Counter
Registers

Timer/Counter

Control

e
ogic  \—

PWM

Figure 2.20. Timer/Counter Block Diagram
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Table 2.16. Timer/Counter Signal Description

Port 1/0 Description
tc_clki | Timer/Counter input clock signal
tc_rstn | Register tc_rstn_ena is preloaded by configuration to always keep this pin enabled

Input capture trigger event, applicable for non-pwm modes with WISHBONE interface. If enabled,
tc_ic | a rising edge of this signal will be detected and synchronized to capture tc_cnt value into tc_icr
for time-stamping.

Without WISHBONE — Can be used as overflow flag With WISHBONE — Controlled by three IRQ
registers

tc_int (6]

tc_oc (0] Timer counter output signal

For more details on these embedded functions, please refer to Using Hardened Control Functions in MachXO3 Devices
(TN21293).

2.14. User Flash Memory (UFM)

MachXO3LF devices provide a User Flash Memory block, which can be used for a variety of applications including
storing a portion of the configuration image, initializing EBRs, to store PROM data or, as a general purpose user Flash
memory. The UFM block connects to the device core through the embedded function block WISHBONE interface. Users
can also access the UFM block through the JTAG, 1°C and SP!I interfaces of the device. The UFM block offers the
following features:

e Non-volatile storage up to 448 kbits

e 100K write/erase cycles

e  Write access is performed page-wise; each page has 128 bits (16 bytes)

e Auto-increment addressing

e  WISHBONE interface

For more information on the UFM, please refer to Using Hardened Control Functions in MachXO3 Devices (TN1293).

2.15. Standby Mode and Power Saving Options

MachXO3L/LF devices are available in two options, the C and E devices. The C devices have a built-in voltage regulator
to allow for 2.5 V VCC and 3.3 V VCC while the E devices operate at 1.2 V VCC.

MachXO3L/LF devices have been designed with features that allow users to meet the static and dynamic power
requirements of their applications by controlling various device subsystems such as the bandgap, power-on-reset
circuitry, 1/0 bank controllers, power guard, on-chip oscillator, PLLs, etc. In order to maximize power savings,
MachXO3L/LF devices support a low power Stand-by mode.

In the stand-by mode the MachXO3L/LF devices are powered on and configured. Internal logic, I/Os and memories are
switched on and remain operational, as the user logic waits for an external input. The device enters this mode when
the standby input of the standby controller is toggled or when an appropriate 12C or JTAG instruction is issued by an
external master. Various subsystems in the device such as the band gap, power-on-reset circuitry etc. can be
configured such that they are automatically turned “off” or go into a low power consumption state to save power when
the device enters this state. Note that the MachXO3L/LF devices are powered on when in standby mode and all power
supplies should remain in the Recommended Operating Conditions.
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Table 2.17. MachXO3L/LF Power Saving Features Description

Device Subsystem Feature Description

The bandgap can be turned off in standby mode. When the Bandgap is turned
Bandgap off, analog circuitry such as the POR, PLLs, on-chip oscillator, and differential I/O
buffers are also turned off. Bandgap can only be turned off for 1.2 V devices.

The POR can be turned off in standby mode. This monitors VCC levels. In the
event of unsafe VCC drops, this circuit reconfigures the device. When the POR
circuitry is turned off, limited power detector circuitry is still active. This option is
only recommended for applications in which the power supply rails are reliable.

Power-On-Reset (POR)

The on-chip oscillator has two power saving features. It may be switched off if it

On-Chip Oscillator is not needed in your design. It can also be turned off in Standby mode.

Similar to the on-chip oscillator, the PLL also has two power saving features. It
can be statically switched off if it is not needed in a design. It can also be turned
off in Standby mode. The PLL will wait until all output clocks from the PLL are
driven low before powering off.

PLL

Differential I/O buffers (used to implement standards such as LVDS) consume
more than ratioed single-ended 1/Os such as LVCMOS and LVTTL. The I/O bank
controller allows the user to turn these 1/Os off dynamically on a per bank
selection.

I/0 Bank Controller

Dynamic Clock Enable for Primary Clock Nets | Each primary clock net can be dynamically disabled to save power.

Power Guard is a feature implemented in input buffers. This feature allows users
to switch off the input buffer when it is not needed. This feature can be used in
Power Guard both clock and data paths. Its biggest impact is that in the standby mode it can
be used to switch off clock inputs that are distributed using general routing
resources.

For more details on the standby mode refer to Power and Thermal Estimation and Management for MachXO3 Devices
(TN1289).

2.16. Power On Reset

MachXO3L/LF devices have power-on reset circuitry to monitor Vcant and Veco voltage levels during power-up and
operation. At power-up, the POR circuitry monitors Vconr and Vecioo (controls configuration) voltage levels. It then
triggers download from the on-chip configuration NVCM/Flash memory after reaching the VPORUP level specified in
the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For “E” devices
without voltage regulators, Vconr is the same as the Vcc supply voltage. For “C” devices with voltage regulators, Vcanr is
regulated from the Vcc supply voltage. From this voltage reference, the time taken for configuration and entry into user
mode is specified as NVCM/Flash Download Time (trerrest) in the DC and Switching Characteristics section of this data
sheet. Before and during configuration, the |I/Os are held in tri-state. I/Os are released to user functionality once the
device has finished configuration. Note that for “C” devices, a separate POR circuit monitors external Vcc voltage in
addition to the POR circuit that monitors the internal post-regulated power supply voltage level.

Once the device enters into user mode, the POR circuitry can optionally continue to monitor Vcenr levels. If Veonr drops
below Vpeoronss level (with the bandgap circuitry switched on) or below Veoronsram level (with the bandgap circuitry
switched off to conserve power) device functionality cannot be guaranteed. In such a situation the POR issues a reset
and begins monitoring the Vcent and Veeio voltage levels. Veoronss and Veoronsram are both specified in the
Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet.
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Note that once an “E” device enters user mode, users can switch off the bandgap to conserve power. When the
bandgap circuitry is switched off, the POR circuitry also shuts down. The device is designed such that a minimal, low
power POR circuit is still operational (this corresponds to the Vporonsram reset point described in the paragraph above).
However this circuit is not as accurate as the one that operates when the bandgap is switched on. The low power POR
circuit emulates an SRAM cell and is biased to trip before the vast majority of SRAM cells flip. If users are concerned
about the Vcc supply dropping below Vcc (min) they should not shut down the bandgap or POR circuit.

2.17. Configuration and Testing

This section describes the configuration and testing features of the MachXO3L/LF family.

2.17.1. |IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO3L/LF devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant test access port
(TAP). This allows functional testing of the circuit board, on which the device is mounted, through a serial scan path
that can access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in and
loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test access port
consists of dedicated I/Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with Vcco Bank 0 and
can operate with LVCMO0S3.3, 2.5, 1.8, 1.5, and 1.2 standards.

For more details on boundary scan test, see Boundary Scan Testability with Lattice syslO Capability (AN8066) and
Minimizing System Interruption During Configuration Using TransFR Technology (TN1087).

2.17.2. Device Configuration

All MachXO3L/LF devices contain two ports that can be used for device configuration. The Test Access Port (TAP),
which supports bit-wide configuration and the sysCONFIG port which supports serial configuration through I1°C or SPI.
The TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532 In-System
Configuration specification. There are various ways to configure a MachXO3L/LF device:

e Internal Flash Download

e JTAG

e Standard Serial Peripheral Interface (Master SPI mode) — interface to boot PROM memory

e  System microprocessor to drive a serial slave SPI port (SSPI mode)

e Standard I°C Interface to system microprocessor

Upon power-up, the configuration SRAM is ready to be configured using the selected sysCONFIG port. Once a
configuration port is selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be
activated any time after power-up by sending the appropriate command through the TAP port. Optionally the de- vice
can run a CRC check upon entering the user mode. This will ensure that the device was configured correctly.

The sysCONFIG port has 10 dual-function pins which can be used as general purpose |/Os if they are not required for
configuration. See MachX03 Programming and Configuration Usage Guide (TN1279) for more information about using
the dual-use pins as general purpose |/0Os.

Lattice design software uses proprietary compression technology to compress bit-streams for use in MachXO3L/ LF
devices. Use of this technology allows Lattice to provide a lower cost solution. In the unlikely event that this technology
is unable to compress bitstreams to fit into the amount of on-chip NVCM/Flash, there are a variety of techniques that
can be utilized to allow the bitstream to fit in the on-chip NVCM/Flash. For more details, refer to MachX03
Programming and Configuration Usage Guide (TN1279).

The Test Access Port (TAP) has five dual purpose pins (TDI, TDO, TMS, TCK and JTAGENB). These pins are dual function
pins - TDI, TDO, TMS and TCK can be used as general purpose I/0 if desired. For more details, refer to MachX03
Programming and Configuration Usage Guide (TN1279).
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2.17.2.1. TransFR (Transparent Field Reconfiguration)

TransFR is a unique Lattice technology that allows users to update their logic in the field without interrupting sys- tem
operation using a simple push-button solution. For more details, refer to Minimizing System Interruption During
Configuration Using TransFR Technology (TN1087) for details.

2.17.2.2. Security and One-Time Programmable Mode (OTP)

For applications where security is important, the lack of an external bitstream provides a solution that is inherently
more secure than SRAM-based FPGAs. This is further enhanced by device locking. MachXO3L/LF devices contain
security bits that, when set, prevent the readback of the SRAM configuration and NVCM/Flash spaces. The device can
be in one of two modes:

e Unlocked — Readback of the SRAM configuration and NVCM/Flash spaces is allowed.

e Permanently Locked — The device is permanently locked.

Once set, the only way to clear the security bits is to erase the device. To further complement the security of the
device, a One Time Programmable (OTP) mode is available. Once the device is set in this mode it is not possible to
erase or re-program the NVCM/Flash and SRAM OTP portions of the device. For more details, refer to MachX03
Programming and Configuration Usage Guide (TN1279).

2.17.2.3. Password

The MachXO3LF supports a password-based security access feature also known as Flash Protect Key. Optionally, the
MachXO3L device can be ordered with a custom specification (c-spec) to support this feature. The Flash Protect Key
feature provides a method of controlling access to the Configuration and Programming modes of the device. When
enabled, the Configuration and Programming edit mode operations (including Write, Verify and Erase operations) are
allowed only when coupled with a Flash Protect Key which matches that expected by the device. Without a valid Flash
Protect Key, the user can perform only rudimentary non-configuration operations such as Read Device ID. For more
details, refer to Using Password Security with MachXO3 Devices (TN1313).

2.17.2.4. Dual Boot

MachXO3L/LF devices can optionally boot from two patterns, a primary bitstream and a golden bitstream. If the
primary bitstream is found to be corrupt while being downloaded into the SRAM, the device shall then automatically
re-boot from the golden bitstre