s LATTICE

LA-LatticeECP3 Automotive Family Data
Sheet

Data Sheet

FPGA-DS-02052-1.3

July 2021



LA-LatticeECP3 Automotive Family Data Sheet :.ILATTICE

Data Sheet

Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS and with all faults, and all risk associated with such information is entirely
with Buyer. Buyer shall not rely on any data and performance specifications or parameters provided herein. Products sold by Lattice have been
subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test and verify the
same. No Lattice products should be used in conjunction with mission- or safety-critical or any other application in which the failure of Lattice’s
product could create a situation where personal injury, death, severe property or environmental damage may occur. The information provided in this
document is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any
products at any time without notice.

© 2019-2021 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

2 FPGA-DS-02052-1.3


http://www.latticesemi.com/legal

= LATTICE

Contents
O e LU <SR OPPPPRPPPN 9
b [ { oo [ ot 4o F OO O SRS PPOTSPPRI 10
T Vo o 11Tt ] YOO ST UP TSP 11
3.1. ATCRITECTUNE OVEIVIEW 1.tiiiiiieiiiieiieestee ettt e st e st e s bt e s be e s beesabe e s bt e sabeesabeesabaessbeesabaesnbeesabaesbeesabaesnbeesbaesnseesnns 11
3.2 (o] U 2] To Yol &3ROS URSUUPPPRRNt 12
0 S 1o PRSP 13
2 B Y/ [oTo [T o] @ ] o T=T -1 i o TR PP 15
3.3. ROUTING -ttt ettt et e s e e e e e s ab b e e s s b e e e s e be et e sba e e e e s a b e e e s snae e e snbee e s s raeesaanne 16
3.4. SYSCLOCK PLLS @NGA DLLS ...eiiiiiiiieiiiiee et eeeetee e sttt e e et e e e e tte e e staeeeesataeeeeastaeesssaaeeassaeeeassseeesnsseeesnsseeeessaeesnnsnens 16
O I =Y oV | I o U oY XY N X RS 16
By S - =1 A o Yol =Y I o Yo o (RS 17
3.4.3.  PLL/DLL CaSCAUING c.vevitiieetieiieieie st ste st et et ete e saeste s bt saeeae et ente st esbesaeeseeneentensessebesaeeaeeneeneensensebesaesbeeneansenes 19
3.4.4.  PLL/DLL PIO INPUL PiN CONNECLIONS w.evevieeieiienieiesiesiesieeeeeeetetestestesaesseeseensessessessessessesssensensessensessesseeseensenes 19
3.5. [0 Fo Yol |l D11V o [T U RURRRRRR 20
3.6. ClOCK DiStriDUTION NETWOIK ....vviiiiiieiciiiieee ettt e e e e e e e e e e e e ataaeeeeesessaataeeeeeeeeeantasaeeeeeesennnrnaeeeens 20
T T0 S 4 4 =1 V@ [o Yol Yo U ol <1 RSP 20
T 0 1V] o F-1 1 ool @ Lo Yol @] o1 o ] I {51 SRR 22
ST T V] o =1 o1 Tol @ Fo Yol Y=Y =Yt [ 1L USRI 22
3.6.4.  Secondary ClOCK/CONTIOl SOUICES .......eccuvieiieeeieeectte ettt eete ettt eeteeeteeesteeesteeestaeeteeeesaeebesenseeebeeesaeensseenseeenns 22
3.6.5.  Secondary Clock/CONTrol ROULING ....eceiuieieieieiestisiesieeteete ettt eee et et aessestesaesaesneeneesestenbesaesseeneensenes 23
3.6.6.  SHICE ClOCK SEIBCLION .. ...ttt e e e e et e e e e e s e araeeeeeeeesattbaeeeeeeeessntaaaeeeeeeeansnnreeeens 25
3.6.7.  EAZE ClOCK SOUICES ....eiiiieiiiieiieeitt ettt ettt ettt ettt ettt ettt et e bt e bt e s bt e bt e s bt e e bt e sttt santesabeeeseesabeeenseesabeesneenane 25
IR T o F- LY @ o Yo | o 1V 4o -SSP 26
3.7. SYSIMIEIM IMIEIMONY it e e e et e e e e e e e e e e e e e e e e e e et et et e e e e e e et et eeeaeaeeeeeeeeeeeeeeereneeenenenens 28
3.7.1.  SYSIMEM MEMOTY BIOCK ... .iiiiiiiiieeiiiee ettt e ettt e e tte e e et e e e st e e e e bt e e e eateeeesabaeaeassseeessaaeeensseseannsaeesanseeas 28
I B - TV LY 2= 1Y, =1 e o 1o V-SSP 28
3.7.3. RAM Initialization and ROM OPEratioNn .........cceeeeiuiieieiieresiiieeeiiteesereteeeseereeeesteeessssseesssseeesssseeessssseesssnsees 28
A S V] [T o s To YA 67 TV or- o 1o T~ SR 28
3.7.5. Single, Dual and Pseudo-DUal POrt MOGES .......cccccuiieieiiireciieee ettt eee e sre e st e s e eaaae e s s baeeessneeeeennneeas 29
3.7.6.  IMEMOIY COME RESET...eiiiiiiiiiiiiiiieiiitteiei ettt bbbt tebs b s bab st st st s bs b st s bsbs b st s bs st ssss s basssssssnsnsnsnsnnn 29
3.8. LV D] e 1ol TP UPSRUROE 29
3.8.1. sysDSP Slice Approach Compared to GENEral DSP ........ueeiiii e e e 29
3.9. SYSDSP SIiCe ArChitE@CtUIE FEATUIES ..ccoeiiiiieei ettt et e e e e st e e e e e e st e e e e e e e e s sbaareeeeeesessatseeeesesensnsnns
3.9. 1. IMIULT DSP EIEMENT...utiiiiiiiiiiiiieeitit ettt ettt ettt ettt ettt et s et e at e e bt e bt e s bt e e bt e sabeesastesabeeenseesabeesseesabeesnneenane
e T |V 1 Ol Y o =1 1T 0 1= o SR
3.9.3.  IMIMAGC DSP EIBMENT ..ottt ettt ettt ettt ettt ettt e at e e bt e bt e s bt e e bt e sabe e s stesabeeeneeenbeeesaesbeeenaeenane
3.9.4.  MULTADDSUB DSP EI@MENT .....eiiiiiiiiiiiiieiteesitt ettt ettt ettt et sat e st e sbtesabe e e bt e ebeeesseesbeeenaeenane
3.9.5.  MULTADDSUBSUM DSP EIEMENT ...eeiiiiiiiieiiiiee ettt ettt ettt ettt ettt e e st e e s sttt e e sabeeessabaeeesanbaeesaaneeas
3.10.  Advanced SYSDSP SIICE FEAtUIES ........uuiiiiiiiieiciiiieee e sttt e e e st e e e e e s ettt e e e e e s sesaaataeeeeeesesanstaasaeeeeessnsraneeeens
0 R = T-YoF= o I o T~ S SRR
10 0 0 Y o [ 11T o F OO OO PSP P TP UPRUPPOTPPPRPPPRIOt
200 0 15 TR ¥ 101 Vo gV~ SR
BL10.4. ALU FIGES cnvteeeiieiieeittt ettt ettt ettt ettt sttt sttt et e ettt b te ettt e at e e bt e e bt e e be e e bt e e be e e bt e s be e e bt e e be e e bt e e ba e e baeebaeenaee et
3.10.5. Clock, Clock Enable and Reset Resources
3.10.6. Resources Available in the LA-LatticeECP3 FAamily .......uveiiiiiiiiiiiiieice ettt e e cvver e e e e e baare e s 37
3.11.  Programmable [/O CeIIS (PIC) ...ccuiiiueieereeeteecereeeeteeeetee et e eeteeeeteeeeteeeeteeeetaeeteseesseenteeessseentseessseessseessseensseessreensnes 37
701 1 [ USSR 39
0 R 1o Y JU A Y=Y = 1] Tl = o Yol PR 39
I T O TV o 10 20T = 1y =Tl = [ Yo PP 40
I e T I 4 1 =T 2 (Y= 1 =T ol = oY SR 41
I 0 T R I 61 11 o T 1 4 o] o OO OO P PO PORUPPOTOPPROPPRIOt 42
SN 2 T oo o ] B Y =4 Toll 21 o Yol QPP 42

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

3.13.  DDR MEMOIY SUPPOIT oottt ettt s e s st e e s s b e s e b a e e e s bb e e e s s b e e e s e ba e e e snneeessararesenneeesannnes 42
T T R It =T o Yo I T o e o PR SSURRN 42
T 07 TR - Yo e o T o - USSR 42
TR 0 TR o oI o F =PRSS 42
3.13.4. DLL Calibrated DQS Delay BIOCK .......eeviiiiieiniieiieiiieesieesite e site sttt siteesiteesieeestte e sitessbeeesaeeessaeessseesaseesaseesseees 43
3.13.5.  POIQrity CONTIOI LOGIC ...eeuiieiiiiiiieiiieeeiet ettt ettt et ettt et e s et e bt e s et e s bt e e saneeabe e e saneebeeesnnesneees 45
3.13.6. DDR3 IMEMOIY SUPPOIT c..eiiiiiieeteee ettt e e e e ettt e e e e e e st e bt e e e e eesaabetteeeeeesaaabsbaeeeeaesaaassbaeaeeessanannbbaaeeeseesanren 45

3.4, SYSI/O BUITEI ..ttt ettt et e et e et e e aae s ae e e beeabe e be e beeateeabeeta e be e beeabeeabeeateeraeereenreereenns 46
3.14.1.  SYSI/O BUFFEI BANKS ..eveeuieiienieiestieteeie et ettt sttt et et e e st st ae st e et e e sbesbesaeeaeens et enbesaesbesaeeneensensenseseens 46
3.14.2. Typical sysl/O I/O BEhaVvior DUIING POWEI-UD .......cccuieiieeeiieiieeeieeesteestreesveestseesaeessseesaseesssessseesssesssesssnens 48
3.14.3.  SUPPOITEd SYSI/O STANAAIAS ...ccvviiiieeeiieeire et steeetteesteeette e sae e eteeestaeestbeesbeestseessbeeesseesaseensseesaseessseesaseenssens 48
3.14.4. On-Chip Programmable TErmMiNation ........ccuiiccuiieiiiiie et e e e et e e e sare e e e sata e e eeanaeeesnseeeesnseeeeanes 48
3.14.5. EQUANZATION FILEI cueiiiiiiiie ettt sttt et h et e st e bt e s bt e s bt e e sab e e bt e e saneebeeesabeennneas 49
3L14.6. HOt SOCKEEING ..eeeieiieiieee ettt ettt e s e e bt e e s bt e bt e e s bt e e bt e e sabe e bt e e sbneenneesabeennneas 50

3.15.  SERDES and PCS (Physical COAING SUBIAYET)......ccciiiiriiiiieieeie ettt ettt ettt st s st s sae e e 50
701 T IO = 1 S PPPPR 52
3.15.2. SCI (SERDES CHENt INTEITACE) BUS ..eeeiiuviieeeiieieeiiiee e ctieeeectte e e eetee e e staeeeesataeesetaaeesbseeeeastaeesensseeesssaseesnsseaeanes 52

3.16.  Flexible QUAd SERDES ArCHItECTUI . ....iiiiiiiieeitit ettt rte ettt ettt ste st e e see e staeesabeesateesabeesaseesabaesaseesnsaessseenns 52

3.17. IEEE 1149.1-Compliant Boundary Scan Testability........cccccciuiiiiiiiie e e e et e e e 53

IR T oV ol o) o} = {U T = 4o [ SRS 53
3.18.1. Enhanced Configuration OPLIONS ......cc.eiiiiiiiiieiieee ettt ettt st ettt sane e sae e sareesaeees 54
3.18.2. SOft Error DEtECt (SED) SUPPOIT ..cuveeiieieiieriiesiee st ettt et et stt et e bt e be s tesatesaeesaeesaeentesaeesatesseeseebeesesnsesanes 54
I 20 T =T o - | (=T 1 o] oS RSROPPRRN 54
I R 3 0T o T o Y1 o @ LYol -1 e Y PR SPUPRRIN 54

TR e TR =Y o 1 VA 1 4T V=SSR SRR 55
DC and SWItChiNgG CharaCleriStiCS.....uuiiiiiieieiiiieeeiiee e cieeeeste e e eeee e e st e e e e stteeesebeeeestaeeeasstaeesaasaasesasseseenstaeesassesesssnaean 55

4.1. ADBSOIULE MaXiMUM RAtINGSY 273 ..ttt ettt ettt st e st re b e e st et e te st s ebesresreestenteneesreerens 55

4.2. Recommended Operating CONAItIONS .........ccuiiiiiieiiecieeieetete ettt sttt s et sess et as s etene e 56

4.3, HOt SOCKEtING SPECIHTICATIONSY 23 ...ttt ettt ettt et e aeete s eseete s eneeseseneerensens 57

4.4, HOt SOCKETING REGUITEMENTSY 2 ...ttt ettt ettt et eae et et eseese et enseseeseneeseebessenestenseneesenseneerensens 57

4.5. [ D =Y o o] o g =T Tl T PSPPSR 57

4.6. DC EIECtriCal CharaCt@riSTiCSs ...ueiiiueieieiiiieeeiiee sttt ettt ettt st e e ettt e e s ettt e e s bte e e e sabeeeseabaeessbbteessabaeessanseeesnseeenn 57

4.7. LA-LatticeECP3 Supply Current (Standby)l 23458 ettt sttt ae st saea 58

4.8. SERDES Power Supply REQUIrEMENTSL, 2, 3 ...uiiiiiiiiiiiiiiee ettt e e e e e e e st e e e e e e e e s aabaaaeeeeeesnnsrbaneeeaaesan 58

4.9. sysl/O Recommended Operating CONGILIONS ........cuccieiieeireeiieieecee st ettt ere e e et e ete e teesteebeessesaaesaeesreesreenreenns 59

4.10.  sysl/O Single-Ended DC Electrical CharaCteriStiCS2.........vvierirreeerereereereereeeteseeeetesseseetessessereeseseesessensesesseneerensens 60

4.11.  sysl/O Differential Electrical CharaCteriStiCs ......cuevveierverierierisereeeetesiesiesteseseseeeseessessessessessessessesssessessensessens 61
e O T Y 2 PO S 61
4.11.2. Differential HSTL @nd SSTL..uiiiiiicieiiieiitieeiieesiteeeiteesteessteesbeesbeesebeesbeesabeesnseesabessnseessbesssessnsesensessnsesensessnses 61
T T AV 0 1Y SO P SRR 61
10,4, LVCIMIOS33D .etiiiieeiiieiieesreesteesitessteesbeesaeesabeeesseesateessseesateesnseesabeeesseesateeensaesabeeanseesabaesnseesabesenseessaeanseesnses 62
G105, BLVDS25 ..ottt st ettt etk e et esa b e e et e e e bt e e bt e e bt e e be e e be e e bee e b e e e bee s baeebeenabes 62
o ST AV 0 1 S OO OO PO OO PO PP PPPPR 63
G107, RSDS25E..... ittt ettt ettt sttt e ettt sttt e et sa bt e et e e e bt e e bt e s bt e e bt e e be e e bee s baeebee s baeeneesabes 64
B.10.8. IMILVDS25 ..ttt sttt ettt st s e st e skt e st e s a b e et e s a ke e e bt e sa b e e et e e ea bt e e bt e e b e e e bt e e beeebee st eeebee s baeebeenabes 65

4.12. Typical Building Block FUNCLION PErfOrMAanCE ....cceiieiiiiiiiiee ettt ettt e e et e e e e e s e sntaa e e e e e e e s abaaaeeaaeeean 66
4.12.1. Pin-to-Pin Performance (LVCMOS25 12 MA DFIVE) . ..ouiiiieiieieeeeeeeeeee sttt sttt ettt sae e 66

4.13. Register-to-Register PErfOrManCEY ........ooiiuiiiitiieiceeeeeeeee ettt ettt st et s e s te e st et et e st s st e sassbeereensestesaesteseea 67

e T 0 1Y = YT o = T Y g Y= =1 o] L= SR PPPPP 67

4.15.  LA-LatticeECP3 External SWitching CharaCteriStiCS 2.......coiiieiieceeeeereeeecteere et et e e etesreeteeseeeeseesseereeneas 68

4.16.  LA-LatticeECP3 Internal SWitching CharacteristiCS™........coviiuieiiiceieeeeeeee ettt et et ee e ereenees 74

LA-LatticeECP3 Internal SWitChing CharaCteriStiCSY.......viuiiviiieeeeieeeete ettt et ettt e s e eteeaeereeneeneereereenes 75

A.07.  TiMNE DIaBIamMS . ceueiiitrttirertrererererererererreerererererer.—.—.—.—.—.—...............—.—............................................................... 76

4.18.  LA-LatticeECP3 Family TIMing Adders 235 ettt ettt et e e s e e e e teseea 78

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

4.19. LA-LatticeECP3 Maximum I/O Buffer Speed 123456 s 80
4.20.  OSCillator OULPUL FrEOQUENCY ..uvvieiiiieeeitiiieeette e eettee e ettt e eette e e s etteeeesateeeeestaeessseeeesasseeeassasessnsseasansseseanssneesnnsens 81
.21, SYSCLOCK PLL TIMIINE tettttiittteiiieeniteesiieeste e sttt esiteesibeesuteesiteesueeesabeesaseesabeesaseesabaesaseesabeesnseesabeesnseesabeesnseesnsessnseesnn 82
Ny o | 11111 Y= OO O OO PURTPROPRRPPRN 83
4.23.  SERDES High-Speed Data TranSmMItterl .....cc.ccieiiiceiceeeeeeeeeeete sttt ettt et steeresre s e et e testeetesresreeneeneenes 84
4.24.  SERDES/PCS BIOCK LATENCY ..euvevitiiietieiieiieiestesie st te sttt e e ste e st ste st esteseentensesaebesaesbesaeeseensensensestesbesseeneeneensenes 85
4.25.  SERDES High Speed Data RECEIVET .....cccuutiiiieiiieiitteetee sttt sttt sttt sttt e st e st e st e s bt e sabeeenbeesbeeeneenane 86
4.25. 1. INPUL Data JItEer TOIEIANCE . ...eieiieiiieeeee ettt sttt st e st e st e st e st e e e bt e sabeesabeesabeesanee s 86
4.25.2. SERDES External ReferenCe ClOCK. .......uiiiiiiiii ittt ettt e s e e st e e s sabae e s sbbaeessnbaeeenanns 87
4.26.  PCl Express Electrical and Timing CharaCteriStiCs ........uuiieiiiiiiiiiiee e ceciee e sree e sre e et e e setre e e sar e e e e snene e s ennaeas 90
4.26. 1. AC aNd DC CharaCteriStiCS «ovveierueertieeiieesittesiteesteesiteesteesteesbeesseesabeesbeesabeesaseesabaesaseessseesnseesseesnsessnseessseess 90
4.27.  XAUIl/Serial Rapid I/O Type 3/CPRI LV E.30 Electrical and Timing Characteristics ........cccoveeveervreeeieesireeenreeenns 91
4.27.1. AC aNd DC CharaCteriStiCs cuuueiiieuereeiiiieeiniietesiiteeestteeessiteeesstteessbeeeessateeessseeessasseeessssseesssssaessnsseeesssseeesnnnes 91
4.28.  Serial Rapid I/O Type 2/CPRI LV E.24 Electrical and Timing CharacteristiCs........cvvvrereeierierieneseneseeeeeeeenns 92
4.28.1. AC aNd DC CharaCteriStiCS cuueiiieureeeiiiiieieiiereesieeeesitteeesstteeessseeeesteeeesssseeesassseessasseesasssseessssssessssseaessssseesannes 92
4.29. Gigabit Ethernet/Serial Rapid 1/0 Type 1/SGMII/CPRI LV E.12 Electrical and Timing Characteristics .............. 93
4.29.1. AC aNA DC CharaCteriStiCS «ivveierreerirereireeriteesiteesreesiteesteesiaeesteessseessteesseesssesssseessseesssessssessnsessssessssessssessssees 93
4.30. SMPTE SD/HD-SDI/3G-SDI (Serial Digital Interface) Electrical and Timing Characteristics .........ccccevueevrveenreeenne 94
4.30.1. AC ANA DC CharaCteriStiCS civveierueerirerrireeriteeriieesieesiseesteesiseesteessseesaseesseessseessseessseessessssessnsessssessssessssesssseess 94
4.31. HDMI (High-Definition Multimedia Interface) Electrical and Timing Characteristics ..........ccccceevviveeeecieeeeennen. 95
7 3 0 I Yo=Y o o D T Ol o - =T =Y 1) o PRSPPI 95
4.32.  LA-LatticeECP3 sysCONFIG Port Timing SpecifiCations ........cccoueeeieeriiiiiiie et 97
4.33.  JTAG Port Timing SPeCIfiCatiONS .....ccuueiiuiiiiieeit ettt ettt e e st e s e saneesbeesanee s 102
4.34, SWItChING TEST CONUITIONS ..ccuiiiiiiiiiee e ciieeeetee ettt et e e et e e et e e e e s ba e e e e ttaeeeeabaaeesabaeaeestaeseanssasesnssseesassseeeanses 103
4.35.  sysl/O Differential Electrical CharaCteriStiCs .....uiivuieiiieiiieeiiiecteeereecteeereesreeereesbeesreesbeesbeesabeeeareesabaesaseess 103
4.35.1. Transition Reduced LVDS (TRLVDS DC SPecifiCation) ......c..ceeecuiiiiiiiiee et e et ee e eevae e e savee e 103
L R |V 1T o T Y 0 USSR 104
4.35.3. POINt-t0-POINT LVDS (PPLVDS) .. uuteiiiiteeeeeetteeeeeieee e eetteeeeetee e eetaee e eetaeeeeetaeeeeaseeeeeaseeeeetseeeensseesennsneeeenaseeeens 104
B.35.4. RSDS ..ttt s ht e h et s ht e e e h et e sht e e h et e e RE e e e Rt e e sh b e e Rt e e ehbeenhe e e shbeeeabeesabeenateesareenans 105
e T 1 o F= 1 I =YY ol g ' o] o T3 PSSR OPSRNE 105
4.37. PICs and DDR Data (DQ) Pins Associated with the DDR Strobe (DQS) Pin ....cccuviiiiiieeeiiiee et 107
4.38.  Pin INfOrmMation SUMIMAIY ...cccuiiiiiiiee et e eetee e e st e e e ettt e e eetaeeeesbaeeeesataeeesabaaeessseaaastaessassaeeensssaasasseseases 108
4.39.  Package PinoUL INfOrMatioN .......cccuiii ittt et e e e st e e e e te e e e eba e e e sbbeeeesataeesenssaeeenssaaeeassseaeannes 109
4.40.  ThermMal ManagemMENT.. ... oo it e e e e st e e e e e e e st taareeeeeessstaaeeeeeeesastaaaaeeasesansssesneeesssanssrens 110
4.40.1. FOr FUTher INFOrMation ....c...eoeiiiiiieeiee ettt sttt st sae e e s b e e sat e e sabeesaseesnreeanes 110

LT @ 1o [T oY= [} o] o oo - 4o o RS 110
5.1. LA-LatticeECP3 Part NUMDEr DESCIIPTION ...cccviieieiiieeceiee e sttt e ettt e sete e e stae e e et e e seaae e e sraeeeessteeessnsaeasssseeeans 110
LT O S 0T o 1Y o= [ o] o 4 - o o I SRR 110

6. SUPPIEMENTAl INTOrMATION .o.eeiiie et e e et e e et e e et te e e eeataeeesabbeeeeataeeeessaaeesnsaeaeastaeesansenas 112
6.1. (oY AT o 1T o o 0 - o OSSR 112
TEChNICAl SUPPOIT ASSISTANCE ..vvieeiiiiiiciiiieee ettt e e et e e e e e e et te e e e e e e s e s e taaeeeeeseaastaaeaeaseesastaasaeessesastaaseaeesesanssrsnneees 113
ATy o] T Ty o Y APPSR 114

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 3.1. Simplified Block Diagram, LA-LatticeECP3-35 Device (TOP LeVEI)..cc.uvieeciiiiieeeecee et 12
LU TR A ol o U I 1= = - | o o N 13
[T U T T T (ol DT = - SR 14
Figure 3.4. General PUIrPOSE PLL DIGBIam.........uieieciiiieeeieeeeciieeeestteeeeetteeestteeeettaeeseassaeesassaeeasstaeesanssseesnsseeesnsseseenssnsennnsens 17
Figure 3.5. Delay Locked LOOP DIagram (DLL)......cocuieierierieeteeieeiesie st ste ettt et et esbe et e besatesatesaeesaeesbeebeentesaeesasenbeans 18
Figure 3.6. Top-Level Block Diagram, High-Speed DLL and Slave Delay LiNe........ccoceiriieiiiieiiiieeiienieceee e 19
Figure 3.7. Sharing of PIO Pins by PLLs and DLLS in LA-LattiCEECP3 DEVICES ........eeevueeriieeiieriieeieeniee ettt 19
Figure 3.8. CIOCK DiVider CONNECLIONS ....veiuiieiieiitieiitee ettt ettt et e et e st e et e st e e e bt e sabeeeabeesabeeeabeesabeeenneenares 20
Figure 3.9. Primary Clock Sources for LA-LattiCEECP3-17 .......uueieiiiee e cree e ettt e e ere e e st e e et e e e esta e e snraeeesatseeeennraeeennnnes 21
Figure 3.10. Primary Clock Sources for LA-LattiCEECP3-35 ......cccciiiii e cteeee st e e e st e e et e e e e e e e saraeeesataeeeessaeeennnees 21
Figure 3.11. Per Quadrant Primary ClOCK SEIECTION ......eiviiiiiiiiie ettt sbe e st s beesans 22
FIGUIE 3.12. DCS WaVEFOIMS ...ttt ettt ettt sttt st e et e st e et e e sa b e e eab e e st e e eabeesabeeeabeesabeeeaseesabaeenseenares 22
Figure 3.13. SeCoNdary CIOCK SOUICES ......eivuiiiiiiiiieiieeete ettt ettt ettt st e et e st e e s bt e st e e eabeesab e e eaneesabeeeabeesabeesnseesares 23
Figure 3.14. LA-LatticeECP3-17 and LA-LatticeECP3-35 Secondary Clock REGIONS ........eeeveiriiieiiieiiieeee e 24
Figure 3.15. Per Region Secondary ClOCK SEIECION ......eivuiiiiiiiiieiiee ettt ettt et e s e b e e 24
Figure 3.16. Slice0 through SIice2 ClOCK SEIECTION ......ccuuiii ettt et e e et e e et e e e e at e e e saraeeesabseeeentaeeensees 25
Figure 3.17. Slice0 through Slice2 CoNtrol SEIECLION ........cciiiiiiieiiii et et e et e e e st e e e e s bb e e e eataeeeeanees 25
FIgUIe 3.18. EAZE CIOCK SOUICTES .eeieutiiieeiiieeeciteeeeeite e e eette e e stteeeesttee e s ataeaestbeaaesstaeeeansaseesnsssaeastsseeanssasesssasaeastaeeeanssaseennsens 26
Figure 3.19. Sources of Edge Clock (Left and Right EAZES) ......eeieiiiiiieiiie ettt ettt e e e re e e et e e e arae e eaaes 27
Figure 3.20. Sources of EAge ClOCK (TOP EAEE) ....ieviiiireietietieie ettt sttt ettt ettt ettt et e s tesatesaeesaeesbeenteenseeneesasenseans 27
FIUre 3.21. M@MOIY COM@ RESET .....eeiiiiiiiie ittt ettt e st e e et e st e e s n e e e e e an b e e e saann e e e snr e e e e sareeesenneeesnnnes 29
Figure 3.22. Comparison of General DSP and LA-LatticeECP3 AppProaches.........ccoeceeiiiiiieiniiieeiieneceee et 30
Figure 3.23. Simplified sysDSP Slice BIOCK DIiagram .........uiiiiiuiieieiiiieceiiee e ciee e et eee e e e stte e e e sata e e eeaatae e sabaeeesataeeeessaeeensens 31
Figure 3.24. Detailed SYSDSP SIiCE DIAGIam .......ccicciiiiiciiee e ciiee e ettt e eette e e stte e e e st tee e sebaaeestbeaeesstaeesassaeesnssasaesntseeeanstneesnnsens 31
Figure 3.25. MULT SYSDSP EIEMENT ....ciiiiiieeiiiiiececiee ettt e sttt e e ettt e e ettt e e e staeeeesataeeeeasaaeesasbeaaassaeeeanssaeesssaseeassaeeeanssaeesssens 32
FIZUIE 3.26. IMAC DSP EIEMENT ....ciiiiiiieeiiiee ettt e ettt e e st e e e et e e e e atae e e s tbee e e ataeeeeasaaeesassaaeastaeeeanssaeesssaaeeantseeeanssaeeensens 33
Figure 3.27. MIMAC SYSDSP EIEMENT....cccuitiiiieriiieeite ittt sttt sttt sttt st e st e st esab e st e e sabeesabeeeabeesabeesabeesabeesnneesares 34
FIGUIE 3.28. IMULTADDSUB ......ceitieiteitieittesttesteeste et eteesttesteenteentesatesseesaeesseesseenseanseeneesseeseenseensesnsesasesaeesseesseensesnsesnsesseensenns 35
Figure 3.29. MULTADDSUBSUM SHCE 0 ....eioutieriiieeiiieiiieesittesitee st sitee st e site e siteesateesaseesabeesaseesabeesnseesabeesnseesabaesnseessaeeseesases 36
Figure 3.30. MULTADDSUBSUM SHCE 1 ....eiuiiiiiiiiiieiiieesttesitee st site e st e st e site e st e saseesabeesaseesabeesaseesabeesnseesbaesnseesabaesneenanes 36
LT U TG ToC 3 R o (G B 1= Y= o 1N 38
Figure 3.32. Input Register Block for Left, Right and TOP EAZES .....ceiiciiiiiiiiiee ettt e sttt et e e e e tb e e e e eatae e eeares 40
Figure 3.33. Output and Tristate Block for Left and Right EAZES.......cccuueiiiiiieieiiiieecee ettt et e 41
Figure 3.34. DQS Grouping on the Left, Right and Top Edges

Figure 3.35. Edge Clock, DLL Calibration and DQS Local Bus DisStribUtioN ..........cceevueiriiiriieeniiieeiee e 44
FIGUIE 3.36. DQS LOCAI BUS ..eeiiueiiieieiiiieeiieeeeieitee e ettt e s tete e e sttt e e ssuteeeseneaeeesssseeeessseeesansseeesnsseeeassaeesanssesesnseeeesnseneeenssneesnnsees
Figure 3.37. LA-LatticeECP3 Banks

Figure 3.38. On-Chip Termination

Figure 3.39. SERDES/PCS QUads (LA-LattiCEECP3-35) ..iicuiiiieeeieeireeereecteeeteeeteeeveesebeeebeesabeeeabeesabaeensesenbeeenseeentesesesenses 50
Figure 3.40. Simplified Channel Block Diagram for SERDES/PCS BIOCK ......ecccuiiiiiiieiiieiteeetee ettt et et e 52
Figure 4.1. LVDS25E Output Termination EXAMPIE .....c..ueeiiiiiie ettt ettt e st e e e e st e e snae e e e s nte e e e e naneeennees 62
Figure 4.2. BLVDS25 Multi-point OUEPUL EXAMPIE....ciiiceieee e ettt cee et e st e st e e et e e s enne e e e snsaeeesnteeeeeneneesnnnes 63
Figure 4.3. DIffere@ntial LVPECL33 ......ooi i ieee e eetee et e st e e ettt e e st e e e s tae e e e s teeeeansseeesssaeaeanteeesansseeesnssaeeesnsseesanssneennnsens 64
Figure 4.4. RSDS25E (Reduced Swing Differential Signaling) ......cccveeiieiiee ittt 65
Figure 4.5. MLVDS25 (Multipoint Low Voltage Differential Signaling) ........cccoeeeuiiiieiiiiiicieeeeee e 66
Figure 4.6. Generic DDRX1/DDRX2 (With Clock and Data EAges AlIZNEd).........ccveeereiiireeeiieeereeeeiee ettt eevee e 73
Figure 4.7. DDR/DDR2/DDR3 ParameEerS......ccccueeeveeiireeereeiireeeireesireeeiseesiseeeseesiseesaseesseessesstesessessssessssesessssessesensesensesenses 73
Figure 4.8. Generic DDRX1/DDRX2 (With Clock Center on Data WiNdOW) ........cceeecueeiireeeireeiiteeereeereeereeeeteeereeeteeeenee e 74
Figure 4.9. Read/Write@ Mode (NOFMAI)....ccciiiiiieciie ettt e te e s re e st e e st e e et e e s teeeaseesabeeeaseesasaesnsesenbaeenseeensaeenseeenses 76
Figure 4.10. Read/Write Mode with Input and OULPUL REZISTEIS .....cccueiiieeeiieeiiiecreecieeeee et e re e re e ere e s baeereeetaeereeeans 77
Figure 4.11. Write Through (SP Read/Write on Port A, Input Registers ONlY) ......ccccvevvieeeiieeiiiieciee et 77
Figure 4.12. Transmitter and Receiver Latency BIOCK DIagram ........cooociiiiiiiiii ittt e e e e sraee e e e e e e e e 86

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figure 4.13. SERDES External Reference Clock WavefOrms .........coocuiiiiiiiiiiiienicee ettt s 88
FIgUre 4.14. Jitter Transter — 3,125 GS...uuiii e it e et e et e et ee e et e e e e tre e e s tae e e et taeeeestaeessseeeasstseeeansseesanseeaesnsseeennnns 88
Figure 4.15. JItter Transter — 2.5 GPS. ..o ittt e et e e st e e e et e e e eeteeesabee e e stseeesnsaeesanseeeesnsseeennnns 89
FIgure 4.16. Jitter Transter — 1,25 GS...ccuiii i iie ettt et e et e e st e e e et e e e s eeteeesaseee e staeeesnsaeessnseeeesnsseeennnns 89
FIgUre 4.17. JItEer TransTer — 622 VDS ..ccuuiie e ettt e ettt e ettt e ettt e e ettt e e e ettt e e e s tbeee e staeeeessaeesssaeeaastaeeesssaeesnnseeeesnsseeennnns 89
Figure 4.18. XAUI Sinusoidal Jitter Tolerance IMask ........cccooiiiiiiiiiiie et st 92
FIGUIE 4.19. TOST LOATS .. ueeiitieiieeeiite ettt ettt et ettt et s bt e bt e s bt st esa bt e e bt e sa bt e e bt e sabeeeabeesabeeeabeesabeeeaneesabaeeneenane 96
Figure 4.20. sysSCONFIG Parallel POrt REAd CYCIE......coouiiiiiiiiiieiieetie ettt ettt ettt e be e st s bt e s beeennee e 98
Figure 4.21. sySCONFIG Parallel POrt WIite CyCle ...ttt ettt ettt st e e s ba e e s sate e s saneeeesabeeessnnes 99
Figure 4.22. sysCONFIG Master Serial POrt TiMINE ......ccccuiiiieiiie e ciiie e ctee et e e st e e et e e s e ete e e s aseeeesataeessnsaessnseeeesnsseeennnns 99
Figure 4.23. sySCONFIG SIave Serial POrt TIMINE .......veeieiiiieeeciie e ctee ettt eee e e s ve e e e ste e e e eeee e e saseeessstaeeesnseessnseeaesnssesennnns 99
Figure 4.24. POWEr-ONn-RESEt (POR) TIMINE ...cccciiiiiiiieeeiiieeeesiee e eeite e e streeeeste e e seataeeesataeeeasstaeessnsaeeesnsseeeanssseeeassseeesnssesaans 100
Figure 4.25. SYSCONFIG POIt TIMIING c..cvieiiiiiieiiitiieiiie ettt ettt st e e s et s b n e e s sna e e s s ssb e e e senneessnaeeeeas 100
Figure 4.26. Configuration from PROGRAMN TiMINE ....cccceiiiiiriieiiieeiee sttt sttt st et e st e st e sbeesaseesabeesaneesabeesanee s 101
FIGUIE 4.27. WaKE-UP TIMINE c..ueeiitiieiieitteeite sttt st e ettt e et e st e s bt e st e e e abeesabeesaseesabeesaseesabeesabeesabeesabeesabeennseesabeenaseesn 101
Figure 4.28. Master SPI Configuration WavefOrmMs ........oocuiiiiiiiiiiiiieeee ettt sttt st e st st esanee s 101
Figure 4.29. JTAG POrt TiIMING WaVE OIMS ...ccccuiiiiciieeeciiee ettt e sttt e e e stte e e s ataee e s baeeeeataeeseasaeeesatseeeanstaeeeasaseessseaaans 102
Figure 4.30. Output Test Load, LVTTL and LVCIMOS Standards .........ceeeeeiieciiiieeieeiieiiiieeee s e sesiiiveeee s e sesnsvnnseessesssnsnnneesens 103

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Tables

Table 1.1. LA-LatticeECP3 Family SEIECHION GUIAE ......c.uveeiiiiie et cteee ettt e et e e st e e e e te e e s ete e e e s ataeeeesseeesnneeeesnsseeeanes 9
Table 3.1. Resources and Modes AVailable PEI SIICE .......iiiuiii e e e st e e e e e e e aeaae e sareaean 13
Table 3.2. SHCE SIgNal DESCIIPTIONS .. .iicciieeeiciieeeeciee e eetee e st e e et e e e eee e e s taeeeesateeesassseeessseeeasssseesanssaeesnsseasasssaeesansseessssenean 14
Table 3.3. Number of Slices Required to Implement Distributed RAM ........ccccuiiiiciiiiie it e e s 15
Table 3.4. PLL BIOCKS SigNal DESCIIPLIONS ... .ceiiiiiiiieiie ettt ettt ettt sttt ettt e s bbb e e bt e e s bt e e bee e saneesbeeesmneenneeas 17
TADIE 3.5, DLL SIBNAIS ...ttt ettt ettt e be e e bt e bt e e b et e be e e b et e bt e e be e e be e e bt e e bbe e be e e e aaeenbeeeenneeneeas 18
Table 3.6. SecoNdary ClOCK REIONS........uiiiiiiiieie ettt ettt sb et e st e bt e s bt e e bt e e s bbe s be e e sbbeebeeessneeneeas 23
Table 3.7. SYSMEM BIOCK CONFIGUIAtiONS ......oiuiiiiiiiiii ettt ettt e s ane e bt e e saneennee s 28
Table 3.8. Maximum Number of EI@mMeENts iN @ SHCE ..uiiviiiiiiiieeii ettt e saae st e s saaeenaee s 32
Table 3.9. Maximum Number of DSP Slices in the LA-LatticeECP3 Family .......c..oeoviiieiiiiee e 37
Table 3.10. Embedded SRAM in the LA-LattiCEECP3 FamMIily ...cccc.vviiiueieiecee ettt e e e eree s 37
Table 3. 11, PIO SIGNQAI LISt ...eeiuiiieiiiiiieetee ettt ettt ettt ettt ettt et e sat e e bt e s bt e s bt e e bt e e bt e e s abe e be e e be e e bt e e sbbeeabeeenbneeabeeesnneeneeas 39
Table 3.12. On-Chip Termination Options fOr INPUL IMOTES .......couiiiiiiiiiieieeee et 49
Table 3.13. LA-LatticeECP3 SERDES Standard SUPPOIt .....cccueiiiiiiiiieiieiite ettt ettt ettt et sbe et sbe e saeesbe e e saeeenaeees 51
Table 3.14. LA-LatticeECP3 SERDES Standard SUPPOIt .....cocueiiiiiiiiieiieeiet ettt ettt ettt et sbe et saee b e saeeenneeas 51
Table 3.15. LatticeECP3 Primary and Secondary Protocol SUPPOIT ........cccuvieeeiiiie ettt e et e e tae e e avae e e aree e 53
Table 3.16. Selectable Master Clock (MCCLK) Frequencies During Configuration (Nominal) .......ccccccoeveeeeiiiieeccieee e, 55
Table 4.1. Electrostatic Discharge-Human Body MOGEIL .........cuviviuiieiciceiceeeeeeetee ettt sre e sae et 57
Table 4.2. Electrostatic Discharge-Charged Device MOl ...........oouovieiieiiiiieeeeceee sttt eae s 57
Table 4.3. LVDS25E DC CONTITIONS . ..uiiiiiiiiiiiiiiieeeeececiiteee e e e e eeectteee e e e e eesetbaeeeeeeeeseeabsaaeeeeeeseassssaeseeeesaasssaaseeessesasnrasaeaeeeesannses 62
Table 4.4. BLVUDS25 DC CONAITIONST . .o.viiviieiieieeieieeteete sttt sttt et et st e e tesae et e eatestesae st esbesesenesaeensessessessesasesesrssrsensensensessesseses 63
Table 4.5. LVPECL33 DC CONAITIONST....cuviviirieetecteeeeteetetete ettt et ete et et et s eteete s eteete s essese s essesesessesssessesessessesesenseresenes 64
Table 4.6. RSDS25E DC CONTITIONST ....vviitiitiieticieteteetet ettt sttt ettt et st aete et e s ete et e s essebessessebessessebessessesensessaseasenes 65
Table 4.7. MLVDS25 DC CONAItIONST.......ciiiiieriitiieticteietestest et st et testeeete st esaeteesessetesbesseseebessessesessessesessessesassessesessessasansenes 66
Table 4.8. OULPUL TIMINEG QN LEVEIS ......ooeiiiieeeeciee ettt e e et e e e et e e e s bt e e e e ataeeseasaaeesasbaeeenstaeeenasaaeesassnaenn 84
Table 4.9, Channel OULPUL JITEEI ..c.uiiiieiiee et e e et e e e st e e e e sate e e eeasbeeesbbeeeestaeesassaaeesasbaseastaseeansaaaesnsseeann 84
Table 4.10. SERDES/PCS LatenCy Brea@KaOWN ......ccuecviieeiieeiecre ettt eeteeteeteeaesteesaeeeteesbeeaveetaesssesbeenbeenseensesnsesanesaeeseenns 85
Table 4.11. Serial Input Data Specifications

Table 4.12. Receiver Total Jitter Tolerance SPeCifiCation ........cccuiiiioiiri i e s e e e e saaee s 87
Table 4.13. Periodic Receiver Jitter Tolerance SPeCifiCation .........ooocuiiriiiiie i e e s eaee s 87
Table 4.14. External Reference Clock Specification (refclkp/refclkin) c...cc.ve e ceeieceeece e 87
TADIE 4. 15, TIANSIMIL ..eeiiiiieiiiitee ettt ettt e sttt e e ettt e s ebt e e e sttt e e e aube e e s ubteeesabbeeeeasbeeesaasbeeesabbeeeeasbaeesauseeeesabbeaesaabaeesnanbeeesanreaenn 91
Table 4.16. ReCeiVE and JITEEr TOIBIANCE ..ccoueiiieetiee ettt st e e st e e s sabe e e s sabt e e e sttt e e e sabaeessaneeeesnreeens 91
TADIE 4. 17, TrANSIMIL .eeeneeietieeiee ettt ettt et e b e e bt e bt e ettt e bt e sttt e bee e be e e bt e e bt e e saeeeabe e e st e eabe e e sbeenbeeenaneebeeennneeseeas 92
Table 4.18. ReCiVE aNd JItEEr TOIEIANCE .....eiiiiiiieeeee ettt ettt et s bt e be e s bt e e bt e e sbeeesaaeesbaeesaneeneeas 92
TABIE 4.19. TrANSIMIL .eeiueiietie ettt ettt ettt ettt ettt e rb e e ettt e bt e ettt e bt e sttt e sbee e be e e bbeebe e e aee e be e e bt e eabe e e beeebeeesaseebeeennneensneas 93
Table 4.20. ReCiVE aNd JItEEr TOIEIANCE «.ouviiiiiiiiieeee ettt ettt s e e bt e bt e e bt e e beeesbeeesaneesbaeesaneeneeas 93
TADIE 4. 271, TIANSIMIL ..eeiiiieieieiitee ettt ettt ettt e e ettt e et e e e sttt e e e aube e e s abteeesabbeeeesbeeesasbeeesabbeeeeasbeeesausbeeesabbeeeeaabaeesnassaeesanseaenn 94
TADIE 4.22. RECEIVE ...ttt ettt ettt sttt e e sttt e e e a bt e e s abt e e e s a bt e e e e s bt e e s asbeeesabbeeeeabeeesausbeeesanbeeeenabaeesnanbeeesanreaean 94
L] R e T AU LT =Y o Tol N 1o Yol O RS PTOPRRT 94
Table 4.24. Transmit N0 RECEIVEL 2. ....ocuiiiiietiiteeetest ettt ettt sttt ettt s te st e s ete s b e s eseebessese b essesesbassesessesseseasessenes 95
Table 4.25. Test Fixture Required Components, Non-Terminated INTerfaces .......ccccvevevieeeircieeceiee e 103

www.latticesemi.com/legal


http://www.latticesemi.com/legal

1. Features

e AEC-Q100 Tested and Qualified
e Higher Logic Density for Increased System
Integration
e Upto35KLUTs
e 116to3101/0
e Embedded SERDES
e 150 Mbps to 3.2 Gbps for Generic 8b10b, 10-
bit SERDES, and 8-bit SERDES modes
e Data Rates 230 Mbps to 3.2 Gbps per channel
for all other protocols
e Up to 4 channels per device: PCI Express,
SONET/SDH, Ethernet (1GbE, SGMII, XAUI),
CPRI, SMPTE 3G and Serial RapidlO
e sysDSP™
e  Fully cascadable slice architecture
e 12 to 32 slices for high performance multiply
and accumulate
e  Powerful 54-bit ALU operations
e Time Division Multiplexing MAC Sharing
e Rounding and truncation
e Each slice supports
e Half 36 x 36, two 18 x 18 or four 9 x 9
multipliers
e Advanced 18 x 36 MAC and 18 x 18
Multiply-Multiply-Accumulate (MMAC)
operations
e Flexible Memory Resources
e Upto 1.33 Mbits sysMEM™ Embedded Block
RAM (EBR)
e 36 Kto 68 K bits distributed RAM
e sysCLOCK Analog PLLs and DLLs
e Two DLLs and up to four PLLs per device
e Pre-Engineered Source Synchronous I/0

Table 1.1. LA-LatticeECP3 Family Selection Guide
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e DDR registers in 1/0 cells

e Dedicated read/write levelling functionality

e Dedicated gearing logic

e Source synchronous standards support
e ADC/DAC, 7:1 LVDS, XGMII
e High Speed ADC/DAC devices

e Dedicated DDR/DDR2/DDR3 memory with
DQS support

e  Optional Inter-Symbol Interference (ISI)
correction on outputs

Programmable sysl/O™ Buffer Supports Wide

Range of Interfaces

e  On-chip termination

e  Optional equalization filter on inputs

e LVTTLand LVCMOS 33/25/18/15/12

e SSTL33/25/18/151, Il

e HSTL151and HSTL18 |, Il

e PCl and Differential HSTL, SSTL

e VDS, Bus-LVDS, LVPECL, RSDS, MLVDS

Flexible Device Configuration

e Dedicated bank for configuration I/0

e SPI boot flash interface

e Dual-boot images supported

e  Slave SPI

e TransFR™ I/O for simple field updates

e  Soft Error Detect embedded macro

System Level Support

e |EEE 1149.1 and IEEE 1532 compliant

e Reveal Logic Analyzer

e  ORCAstra FPGA configuration utility

e On-chip oscillator for initialization & general
use

e 1.2V core power supply

Device LA-ECP3-17 LA-ECP3-35
LUTs (K) 17 33

sysMEM Blocks (18 Kbits) 38 72
Embedded Memory (Kbits) 700 1327
Distributed RAM Bits (Kbits) 36 68

18 x 18 Multipliers 24 64

SERDES (Quad) 1 1

PLLs/DLLs 2/2 4/2
Packages and SERDES Channels/ 1/0 Combinations

Package LA-ECP3-17 LA-ECP3-35
328 ¢sBGA (10 mm x 10 mm) 2/116 —

256 ftBGA (17mm x 17 mm) 4/133 4/133

484 fpBGA (23 mm x 23 mm) 4/222 4/295

672 fpBGA (27 mm x 27 mm) — 4/310
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2. Introduction

The LA-LatticeECP3 automotive FPGA devices are optimized to deliver high performance features such as an enhanced
DSP architecture, high speed SERDES and high speed source synchronous interfaces in an economical FPGA fabric. This
combination is achieved through advances in device architecture and the use of 65 nm technology making the devices
suitable for high-volume, high-speed, low-cost applications.

The LA-LatticeECP3 device family expands look-up-table (LUT) capacity to 35 K logic elements and supports up to 310
user 1/0. The LA-LatticeECP3 device family also offers up to 64 18 x 18 multipliers and a wide range of parallel I/0
standards.

The LA-LatticeECP3 FPGA fabric is optimized with high performance and low cost in mind. The LA-LatticeECP3 devices
utilize reconfigurable SRAM logic technology and provide popular building blocks such as LUT-based logic, distributed
and embedded memory, Phase Locked Loops (PLLs), Delay Locked Loops (DLLs), pre-engineered source synchronous
1/0 support, enhanced sysDSP slices and advanced configuration support, including encryption and dual-boot
capabilities.

The pre-engineered source synchronous logic implemented in the LA-LatticeECP3 device family supports a broad range
of interface standards, including DDR3, XGMII and 7:1 LVDS.

The LA-LatticeECP3 device family also features high speed SERDES with dedicated PCS functions. High jitter tolerance
and low transmit jitter allow the SERDES plus PCS blocks to be configured to support an array of popular data protocols
including PCl Express, SMPTE, Ethernet (XAUI, GbE, and SGMII) and CPRI. Transmit Pre-emphasis and Receive
Equalization settings make the SERDES suitable for transmission and reception over various forms of media.

The LA-LatticeECP3 devices also provide flexible, reliable and secure configuration options, such as dual-boot capability,
bitstream encryption, and TransFR field upgrade features.

The Lattice Diamond® design software allows large complex designs to be efficiently implemented using the LA-
LatticeECP3 FPGA family. Synthesis library support for LA-LatticeECP3 is available for popular logic synthesis tools.
Diamond tools use the synthesis tool output along with the constraints from its floor planning tools to place and route
the design in the LA-LatticeECP3 device. The 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) modules for the LA-LatticeECP3 family. By using these
configurable soft core IPs as standardized blocks, designers are free to concentrate on the unique aspects of their
design, increasing their productivity.
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3. Architecture

3.1. Architecture Overview

Each LA-LatticeECP3 device contains an array of logic blocks surrounded by Programmable I/O Cells (PIC). Interspersed
between the rows of logic blocks are rows of sysMEM™ Embedded Block RAM (EBR) and rows of sysDSP™ Digital Signal
Processing slices, as shown in Figure 3.1. The LA-LatticeECP3 devices have two rows of DSP slices. In addition, the LA-
LatticeECP3 family contains SERDES Quads on the bottom of the device.

There are two kinds of logic blocks, the Programmable Functional Unit (PFU) and Programmable Functional Unit
without RAM (PFF). The PFU contains the building blocks for logic, arithmetic, RAM and ROM functions. The PFF block
contains building blocks for logic, arithmetic and ROM functions. Both PFU and PFF blocks are optimized for flexibility,
allowing complex designs to be implemented quickly and efficiently. Logic Blocks are arranged in a two-dimensional
array. Only one type of block is used per row.

The LA-LatticeECP3 devices contain one or more rows of sysMEM EBR blocks. sysMEM EBRs are large, dedicated 18 Kbit
fast memory blocks. Each sysMEM block can be configured in a variety of depths and widths as RAM or ROM. In
addition, LA-LatticeECP3 devices contain up to two rows of DSP slices. Each DSP slice has multipliers and
adder/accumulators, which are the building blocks for complex signal processing capabilities.

The LA-LatticeECP3 devices feature up to 4 embedded 3.2 Gbps SERDES (Serializer/Deserializer) channels. Each SERDES
channel contains independent 8b/10b encoding / decoding, polarity adjust and elastic buffer logic. Each group of four
SERDES channels, along with its Physical Coding Sub-layer (PCS) block, creates a quad. The functionality of the
SERDES/PCS quads can be controlled by memory cells set during device configuration or by registers that are
addressable during device operation. The registers in the quad can be programmed via the SERDES Client Interface
(SCI). This quad is located at the bottom of the devices.

Each PIC block encompasses two PIOs (PIO pairs) with their respective sysl/O buffers. The sysl/O buffers of the LA-
LatticeECP3 devices are arranged in seven banks, allowing the implementation of a wide variety of I/O standards. In
addition, a separate I/O bank is provided for the programming interfaces. 50% of the PIO pairs on the left and right
edges of the device can be configured as LVDS transmit/receive pairs. The PIC logic also includes pre-engineered
support to aid in the implementation of high speed source synchronous standards such as XGMII, 7:1 LVDS, along with
memory interfaces including DDR3.

Other blocks provided include PLLs, DLLs and configuration functions. The LA-LatticeECP3 architecture provides two
Delay Locked Loops (DLLs) and up to four Phase Locked Loops (PLLs). The PLL and DLL blocks are located at the end of
the EBR/DSP rows.

The configuration block that supports features such as configuration bit-stream decryption, transparent updates and
dual-boot support is located toward the center of this EBR row. Every device in the LA-LatticeECP3 family supports a
sysCONFIG™ port located in the corner between banks one and two, which allows for serial or parallel device
configuration.

In addition, every device in the family has a JTAG port. This family also provides an on-chip oscillator and soft error
detect capability. The LA-LatticeECP3 devices use 1.2 V as their core voltage.
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Figure 3.1. Simplified Block Diagram, LA-LatticeECP3-35 Device (Top Level)

3.2. PFU Blocks

N

3.2 Gbps SERDES

= LATTICE

Configuration Logic:
Dual-boot, Encryption
and Transparent Updates

On-chip Oscillator

Pre-engineered Source
Synchronous Support:
DDR3 - 800 Mbps

Generic - Up to 1 Gbps

Flexible sysl/O:
LVCMOS, HSTL,
SSTL, LVDS
Upto 4861/0

Flexible Routing:
Optimized for speed
and routability

The core of the LA-LatticeECP3 device consists of PFU blocks, which are provided in two forms, the PFU and PFF. The
PFUs can be programmed to perform Logic, Arithmetic, Distributed RAM and Distributed ROM functions. PFF blocks
can be programmed to perform Logic, Arithmetic and ROM functions. Except where necessary, the remainder of this

data sheet will use the term PFU to refer to both PFU and PFF blocks.

Each PFU block consists of four interconnected slices numbered 0-3 as shown in Figure 3.2. Each slice contains two
LUTs. All the interconnections to and from PFU blocks are from routing. There are 50 inputs and 23 outputs associated

with each PFU block.
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3.2.1. Slice

From
Routing

Routing

Figure 3.2. PFU Diagram

Slice 3

Slice 0 through Slice 2 contain two LUT4s feeding two registers, whereas Slice 3 contains two LUT4s only. For PFUs,
Slice 0 through Slice 2 can be configured as distributed memory, a capability not available in the PFF. Table 3.1 shows
the capability of the slices in both PFF and 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 LUTS8. There
is control logic to perform set/reset functions (programmable as synchronous/ asynchronous), clock select, chip-select
and wider RAM/ROM functions.

Table 3.1. Resources and Modes Available per Slice

Slice PFU BLock PFF Block

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

Figure 3.3 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.

Slices 0, 1 and 2 have 14 input signals: 13 signals from routing and one from the carry-chain (from the adjacent slice or
PFU). There are seven outputs: six to routing and one to carry-chain (to the adjacent PFU). Slice 3 has 10 input signals
from routing and four signals to routing. Table 3.2 lists the signals associated with Slice 0 to Slice 2.
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*Notin Slice 3 FCI From Different 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 3.3. Slice Diagram

Table 3.2. 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 Multipurpose Input

Input Multi-purpose M1 Multipurpose Input

Input Control signal CE Clock Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLK System Clock

Input Inter-PFU signal FC Fast Carry-in'

Input Inter-slice signal FXA Intermediate signal to generate LUT6 and LUT7

Input Inter-slice signal FXB Intermediate signal to generate LUT6 and LUT7

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 Slice 2 of each PFU is the fast carry chain output?
Notes:

1. See Figure 3.2 for connection details.

2.  Requires two PFUs.
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3.2.2. Modes of Operation
Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM.

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 LUTS5 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.

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  Agreater-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.

RAM Mode

In this mode, a 16 x 4-bit distributed single port RAM (SPR) can be constructed using each LUT block in Slice 0 and Slice
1 as a 16 x 1-bit memory. Slice 2 is used to provide memory address and control signals. A 16x2-bit pseudo dual port
RAM (PDPR) memory is created by using one Slice as the read-write port and the other companion slice as the read-
only port.

LA-LatticeECP3 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 3.3 shows the
number of slices required to implement different distributed RAM primitives. For more information about using RAM in
LA-LatticeECP3 devices, please see LatticeECP3 Memory Usage Guide (FPGA-TN-02188).

Table 3.3. Number of Slices Required to Implement Distributed RAM

SPR 16x4 PDPR 16x4

Number of slices 3 3

Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

ROM Mode

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

For more information, please refer to LatticeECP3 Memory Usage Guide (FPGA-TN-02188).
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3.3. Routing

There are many resources provided in the LA-LatticeECP3 devices to route signals individually or as busses with related
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.

The LA-LatticeECP3 family has an enhanced routing architecture that produces a compact design. The Diamond design
software tool suites take the output of the synthesis tool and places and routes the design.

3.4. sysCLOCK PLLs and DLLs

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The devices in the LA-LatticeECP3 family support
two to ten full-featured General Purpose PLLs.

3.4.1. General Purpose PLL
The architecture of the PLL is shown in Figure 3.4. A description of the PLL functionality follows.

CLKl is the reference frequency (generated either from the pin or from routing) for the PLL. CLKI feeds into the Input
Clock Divider block. The CLKFB is the feedback signal (generated from CLKOP, CLKOS or from a user clock pin/logic).
This signal feeds into the Feedback Divider. The Feedback Divider is used to multiply the reference frequency.

Both the input path and feedback signals enter the Phase Frequency Detect Block (PFD) which detects first for the
frequency, and then the phase, of the CLKI and CLKFB are the same which then drives the Voltage Controlled Oscillator
(VCO) block. In this block the difference between the input path and feedback signals is used to control the frequency
and phase of the oscillator. A LOCK signal is generated by the VCO to indicate that the VCO has locked onto the input
clock signal. In dynamic mode, the PLL may lose lock after a dynamic delay adjustment and not relock until the tLOCK
parameter has been satisfied.

The output of the VCO then enters the CLKOP divider. The CLKOP divider allows the VCO to operate at higher
frequencies than the clock output (CLKOP), thereby increasing the frequency range. The Phase/Duty Cycle/Duty Trim
block adjusts the phase and duty cycle of the CLKOS signal. The phase/duty cycle setting can be pre-programmed or
dynamically adjusted. A secondary divider takes the CLKOP or CLKOS signal and uses it to derive lower frequency
outputs (CLKOK).

The primary output from the CLKOP divider (CLKOP) along with the outputs from the secondary dividers (CLKOK and
CLKOK2) and Phase/Duty select (CLKOS) are fed to the clock distribution network.

The PLL allows two methods for adjusting the phase of signal. The first is referred to as Fine Delay Adjustment. This
inserts up to 16 nominal 125 ps delays to be applied to the secondary PLL output. The number of steps may be set
statically or from the FPGA logic. The second method is referred to as Coarse Phase Adjustment. This allows the phase
of the rising and falling edge of the secondary PLL output to be adjusted in 22.5 degree steps. The number of steps may
be set statically or from the FPGA logic.
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Figure 3.4. General Purpose PLL Diagram

Table 3.4 provides a description of the signals in the PLL blocks.

Table 3.4. PLL Blocks Signal Descriptions

Signal 1/0 Description

CLKI | Clock input from external pin or routing

CLKFB | PLL feedback input from CLKOP, CLKOS, or from a user clock (pin or logic)
RST | “1” to reset PLL counters, VCO, charge pumps and M-dividers
RSTK I “1” to reset K-divider

WRDEL | DPA Fine Delay Adjust input

CLKOS o] PLL output to clock tree (phase shifted/duty cycle changed)
CLKOP o] PLL output to clock tree (no phase shift)

CLKOK 0 PLL output to clock tree through secondary clock divider
CLKOK2 0 PLL output to clock tree (CLKOP divided by 3)

LOCK (0] “1” indicates PLL LOCK to CLKI

FDA [3:0] | Dynamic fine delay adjustment on CLKOS output

DRPAI[3:0] | Dynamic coarse phase shift, rising edge setting

DFPAI[3:0] | Dynamic coarse phase shift, falling edge setting

3.4.2. Delay Locked Loops (DLL)
In addition to PLLs, the LA-LatticeECP3 family of devices has two DLLs per device.

CLKI is the input frequency (generated either from the pin or routing) for the DLL. CLKI feeds into the output muxes
block to bypass the DLL, directly to the DELAY CHAIN block and (directly or through divider circuit) to the reference
input of the Phase Detector (PD) input mux. The reference signal for the PD can also be generated from the Delay Chain
signals. The feedback input to the PD is generated from the CLKFB pin or from a tapped signal from the Delay chain.

The PD produces a binary number proportional to the phase and frequency difference between the reference and
feedback signals. Based on these inputs, the ALU determines the correct digital control codes to send to the delay chain
in order to better match the reference and feedback signals. This digital code from the ALU is also transmitted via the
Digital Control bus (DCNTL) bus to its associated Slave Delay lines (two per DLL). The ALUHOLD input allows the user to
suspend the ALU output at its current value. The UDDCNTL signal allows the user to latch the current value on the

DCNTL bus.
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The DLL has two clock outputs, CLKOP and CLKOS. These outputs can individually select one of the outputs from the
tapped delay line. The CLKOS has optional fine delay shift and divider blocks to allow this output to be further modified,
if required. The fine delay shift block allows the CLKOS output to phase shifted a further 45, 22.5 or 11.25 degrees
relative to its normal position. Both the CLKOS and CLKOP outputs are available with optional duty cycle correction.
Divide by two and divide by four frequencies are available at CLKOS. The LOCK output signal is asserted when the DLL is
locked. Figure 3.5 shows the DLL block diagram and Table 3.5 provides a description of the DLL inputs and outputs.

The user can configure the DLL for many common functions such as time reference delay mode and clock injection
removal mode. Lattice provides primitives in its design tools for these functions.

______ oy [—
ALUHOLD [ | DelayChain |
=: Delay0 || Duty
:I || cyce | $¢——- CLKOP
] L F— so% H>
I Delayl | |
| |
- | Output
*— +4 >\ | I I Muxes |
=2 | I I Duty
o(::x:;::;t::ifj > Reference # ¥ I l ': CS\Z)C‘JI/e 3— CLKOS
clkl = > v ! :_ )
L~ Phase Arithmetic | | 2
Detect i i
from CLKOP (DLL erector Logic Unit |
internal), from dock net N
(CLKOP) or‘from a user > Feed back
clock (pin orlogic)
CLKFB = - LOCK
gy —
6/ DCNT
Digital 7 E—
UDDCNTL = Control DIFF
RSTN 9 Output ﬁ
INCI 1 H—
GRAYI[5:0] D1+ GRAYO[5:0]
H—>

* Thissignal is not user accessible. Thiscan only be used to feed theslave delay line.

Figure 3.5. Delay Locked Loop Diagram (DLL)

Table 3.5. DLL Signals

Signal 1/0 Description

CLKI | Clock input from external pin or routing

CLKFB | DLL feed input from DLL output, clock net, routing or external pin

RSTN | Active low synchronous reset

ALUHOLD | Active high freezes the ALU

UDDCNTL | Synchronous enable signal (hold high for two cycles) from routing

CLKOP 0 The primary clock output

CLKOS 0 The secondary clock output with fine delay shift and/or division by 2 or by 4
LOCK 0 Active high phase lock indicator

INCI I Incremental indicator from another DLL via CIB.

GRAYI[5:0] | Gray-coded digital control bus from another DLL in time reference mode.
DIFF 0] Difference indicator when DCNTL is difference than the internal setting and update is needed.
INCO 0] Incremental indicator to other DLLs via CIB.

GRAYO[5:0] (0} Gray-coded digital control bus to other DLLs via CIB

LA-LatticeECP3 devices have two general DLLs and four Slave Delay lines, two per DLL. The DLLs are in the lowest EBR
row and located adjacent to the EBR. Each DLL replaces one EBR block. One Slave Delay line is placed adjacent to the
DLL and the duplicate Slave Delay line (in Figure 3.6) for the DLL is placed in the I/O ring between Banks 6 and 7 and
Banks 2 and 3.

The outputs from the DLL and Slave Delay lines are fed to the clock distribution network.
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For more information, please see LatticeECP3 sysCLOCK PLL/DLL Design and Usage Guide (FPGA-TN-02191).
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Figure 3.6. Top-Level Block Diagram, High-Speed DLL and Slave Delay Line

3.4.3. PLL/DLL Cascading

LA-LatticeECP3 devices have been designed to allow certain combinations of PLL and DLL cascading. The allowable
combinations are:

e PLLto PLL supported

e PLLto DLL supported

The DLLs in the LA-LatticeECP3 are used to shift the clock in relation to the data for source synchronous inputs. PLLs are
used for frequency synthesis and clock generation for source synchronous interfaces. Cascading PLL and DLL blocks
allows applications to utilize the unique benefits of both DLLs and PLLs.

For further information about the DLL, please see the list of technical documentation at the end of this data sheet.

3.4.4. PLL/DLL PIO Input Pin Connections

All LA-LatticeECP3 devices contains two DLLs and up to ten PLLs, arranged in quadrants. If a PLL and a DLL are next to
each other, they share input pins as shown in the Figure 3.7.

pirio [ ]

PLL

DLL

pw_rio [}

_/

Note: Notevery PLL has an associated DLL.

Figure 3.7. Sharing of PIO Pins by PLLs and DLLs in LA-LatticeECP3 Devices
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3.5. Clock Dividers

LA-LatticeECP3 devices have two clock dividers, one on the left side and one on the right side of the device. These are
intended to generate a slower-speed system clock from a high-speed edge clock. The block operates in a +2, +4 or +8
mode and maintains a known phase relationship between the divided down clock and the high-speed clock based on
the release of its reset signal. The clock dividers can be fed from selected PLL/DLL outputs, the Slave Delay lines,
routing or from an external clock input. The clock divider outputs serve as primary clock sources and feed into the clock
distribution network. The Reset (RST) control signal resets input and asynchronously forces all outputs to low. The
RELEASE signal releases outputs synchronously to the input clock. For further information on clock dividers, please see
LatticeECP3 sysCLOCK PLL/DLL Design and Usage Guide (FPGA-TN-02191). Figure 3.8 shows the clock divider
connections.

ECLK1 —
ECLK2 —
—p —p 1
CLKOP (PLL) —P
CLKOP (DLL) —]
——— 2
CLKDIV
L 4
RST ——— P
RELEASE ~——P| —— 8

Figure 3.8. Clock Divider Connections

3.6. Clock Distribution Network

LA-LatticeECP3 devices have eight quadrant-based primary clocks and eight secondary clock/control sources. Two high
performance edge clocks are available on the top, left, and right edges of the device to support high speed interfaces.
These clock sources are selected from external I/0, the sysCLOCK PLLs, DLLs or routing. These clock sources are fed
throughout the chip via a clock distribution system.

3.6.1. Primary Clock Sources

LA-LatticeECP3 devices derive clocks from six primary source types: PLL outputs, DLL outputs, CLKDIV outputs,
dedicated clock inputs, routing and SERDES Quad. LA-LatticeECP3 devices have two to four sysCLOCK PLLs and two
DLLs, located on the left and right sides of the device. There are six dedicated clock inputs: two on the top side, two on
the left side and two on the right side of the device. Figure 3.9 and Figure 3.10 and show the primary clock sources for
LA-LatticeECP3 devices.
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Figure 3.9. Primary Clock Sources for LA-LatticeECP3-17
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Figure 3.10. Primary Clock Sources for LA-LatticeECP3-35

The purpose of the primary clock routing is to distribute primary clock sources to the destination quadrants of the
device. A global primary clock is a primary clock that is distributed to all quadrants. The clock routing structure in LA-
LatticeECP3 devices consists of a network of eight primary clock lines (CLKO through CLK7) per quadrant. The primary
clocks of each quadrant are generated from muxes located in the center of the device. All the clock sources are
connected to these muxes. Figure 3.11 shows the clock routing for one quadrant. Each quadrant mux is identical. If
desired, any clock can be routed globally.
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8 Primary Clocks (CLKO to CLK7) per Quadrant |

Figure 3.11. Per Quadrant Primary Clock Selection

3.6.2. Dynamic Clock Control (DCC)

The DCC (Quadrant Clock Enable/Disable) feature allows internal logic control of the quadrant primary clock network.
When a clock network is disabled, all the logic fed by that clock does not toggle, reducing the overall power
consumption of the device.

3.6.3. Dynamic Clock Select (DCS)

The DCS is a smart multiplexer function available in the primary clock routing. It switches between two independent
input clock sources without any glitches or runt pulses. This is achieved regardless of when the select signal is toggled.
There are two DCS blocks per quadrant; in total, there are eight DCS blocks per device. The inputs to the DCS block
come from the center muxes. The output of the DCS is connected to primary clocks CLK6 and CLK7 (see Figure 3.11).

Figure 3.12 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed to
other modes. For more information about the DCS, please see the list of technical documentation at the end of this
data sheet.

CLKO
wum
CLK1 i i
e N i B R et N 1orm—
I I Vo | | | | | |
| I Lo | | I | | I | |
_ L= [ L — ([ —_n2 L — —
SEL 1 !
-
: / 1
1 / 1
1 1
H i
1 1
DCSOUT !
: 1

1

1 | | I
Figure 3.12. DCS Waveforms

3.6.4. Secondary Clock/Control Sources

LA-LatticeECP3 devices derive eight secondary clock sources (SCO through SC7) from six dedicated clock input pads and
the rest from routing. Figure 3.13 shows the secondary clock sources. All eight secondary clock sources are defined as
inputs to a per-region mux SCO-SC7. SCO-SC3 are primary for control signals (CE and/or LSR), and SC4-SC7 are for the
clock.

In an actual implementation, there is some overlap to maximize routability. In addition to SC0-SC3, SC7 is also an input
to the control signals (LSR or CE). SCO-SC2 are also inputs to clocks along with SC4-SC7.
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Figure 3.13. Secondary Clock Sources

3.6.5. Secondary Clock/Control Routing

Global secondary clock is a secondary clock that is distributed to all regions. The purpose of the secondary clock routing
is to distribute the secondary clock sources to the secondary clock regions. Secondary clocks in the LA- LatticeECP3
devices are region-based resources. Certain EBR rows and special vertical routing channels bind the secondary clock
regions. This special vertical routing channel aligns with either the left edge of the center DSP slice in the DSP row or
the center of the DSP row. Figure 3.14 shows this special vertical routing channel and the 20 secondary clock regions
for the LA-LatticeECP3 family of devices. All devices in the LA-LatticeECP3 family have eight secondary clock resources
per region (SCO to SC7). The same secondary clock routing can be used for control signals.

Table 3.6. Secondary Clock Regions

Device Number of Secondary Clock Regions
LAE3-17 16
LAE3-35 16
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3.6.6. Slice Clock Selection

Figure 3.16 shows the clock selections and Figure 3.17 shows the control selections for Slice 0 through Slice 2. All the
primary clocks and seven secondary clocks are routed to this clock selection mux. Other signals can be used as a clock
input to the slices via routing. Slice controls are generated from the secondary clocks/controls or other signals
connected via routing.

If none of the signals are selected for both clock and control then the default value of the mux output is 1. Slice 3 does
not have any registers; therefore it does not have the clock or control muxes.

Primary Clock +’

8

Secondary Clock —F—> Clock to Slice

7
28:1 —Pp»
Routing +>
12

Vee ————P

1

Figure 3.16. Slice 0 through Slice 2 Clock Selection

Secondary Control +’

5
Slice Control

Routing ———~——P» 201 —P
14
Vee —A—P

1

Figure 3.17. Slice 0 through Slice 2 Control Selection

3.6.7. Edge Clock Sources

Edge clock resources can be driven from a variety of sources at the same edge. Edge clock resources can be driven from
adjacent edge clock PIOs, primary clock PIOs, PLLs, DLLs, Slave Delay and clock dividers as shown in Figure 3.18.
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1. Clock inputs can be configured in differential or single ended mode.
2. The two DLLs can also drive the two top edge clocks.

3. The top leftand top right PLL can also drive the two top edge clocks.

Figure 3.18. Edge Clock Sources

3.6.8. Edge Clock Routing

LA-LatticeECP3 devices have a number of high-speed edge clocks that are intended for use with the PIOs in the
implementation of high-speed interfaces. There are six edge clocks per device: two edge clocks on each of the top, left,
and right edges. Different PLL and DLL outputs are routed to the two muxes on the left and right sides of the device. In
addition, the CLKINDEL signal (generated from the DLL Slave Delay Line block) is routed to all the edge clock muxes on
the left and right sides of the device. Figure 3.19 shows the selection muxes for these clocks.
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Figure 3.19. Sources of Edge Clock (Left and Right Edges)
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Figure 3.20. Sources of Edge Clock (Top Edge)

The edge clocks have low injection delay and low skew. They are used to clock the 1/0 registers and thus are ideal for

creating I/0 interfaces with a single clock signal and a wide data bus. They are also used for DDR Memory or Generic
DDR interfaces.
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The edge clocks on the top, left, and right sides of the device can drive the secondary clocks or general routing
resources of the device. The left and right side edge clocks also can drive the primary clock network through the clock
dividers (CLKDIV).

3.7. sysMEM Memory

LA-LatticeECP3 devices contain a number of sysMEM Embedded Block RAM (EBR). The EBR consists of an 18-Kbit RAM
with memory core, dedicated input registers and output registers with separate clock and clock enable. Each EBR
includes functionality to support true dual-port, pseudo dual-port, single-port RAM, ROM and FIFO buffers (via external
PFUs).

3.7.1. sysMEM Memory Block

The sysMEM block can implement single port, dual port or pseudo dual port memories. Each block can be used in a
variety of depths and widths as shown in Table 3.7. FIFOs can be implemented in sysMEM EBR blocks by implementing
support logic with PFUs. The EBR block facilitates parity checking by supporting an optional parity bit for each data
byte. EBR blocks provide byte-enable support for configurations with18-bit and 36-bit data widths. For more
information, please see LatticeECP3 Memory Usage Guide (FPGA-TN-02188).

Table 3.7. sysMEM Block Configurations

Memory Mode Configurations
Single Port 16,384 x 1
8,192 x 2
4,096 x 4
2,048 x9
1,024 x 18

512 x 36
16,384 x 1
8,192 x 2

True Dual Port 4,096 x 4
2,048 x9
1,024 x 18
16,384 x 1
8,192 x 2

Pseudo Dual Port 4,096 x 4
2,048 x9
1,024 x 18
512 x 36

3.7.2. 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.

3.7.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be pre-loaded during device configuration. 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.

3.7.4. 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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3.7.5. Single, Dual and Pseudo-Dual Port Modes

In all the sysMEM RAM modes the input data and address for the ports are registered at the input of the memory
array. The output data of the memory is optionally registered at the output.

EBR memory supports the following forms of write behavior for single port or dual port operation:

1. Normal — Data on the output appears only during a 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.

2. Write Through — A copy of the input data appears at the output of the same port during a write cycle. This mode is
supported for all data widths.

3. Read-Before-Write (EA devices only) — When new data is written, the old content of the address appears at the
output. This mode is supported for x9, x18, and x36 data widths.

3.7.6. Memory Core Reset

The memory array in the EBR utilizes latches at the A and B output ports. These latches can be reset asynchronously or
synchronously. RSTA and RSTB are local sighals, which reset the output latches associated with Port A and Port B,
respectively. The Global Reset (GSRN) signal can reset both ports. The output data latches and associated resets for
both ports are as shown in Figure 3.21.

Memory Core : Q : » Port A[17:0]
L i |
: |
|
| OutputData |
I Latches |
| Q —p Port B[17:0]
' [
——[ler |
L ——

RSTA > D_

RsTE [T> ) >
GSRN I:D—ﬂjj

I
Programmable Disable

Figure 3.21. Memory Core Reset

For further information on the sysMEM EBR block, please see the list of technical documentation at the end of this data
sheet.

3.8. sysDSP™ Slice

The LA-LatticeECP3 family provides an enhanced sysDSP architecture, making it ideally suited for low-cost,
highperformance Digital Signal Processing (DSP) applications. Typical functions used in these applications are Finite
Impulse Response (FIR) filters, Fast Fourier Transforms (FFT) functions, Correlators, Reed-Solomon/Turbo/Convolution
encoders and decoders. These complex signal processing functions use similar building blocks such as multiply-adders
and multiply-accumulators.

3.8.1. sysDSP Slice Approach Compared to General DSP

Conventional general-purpose DSP chips typically contain one to four (Multiply and Accumulate) MAC units with fixed
data-width multipliers; this leads to limited parallelism and limited throughput. Their throughput is increased by higher
clock speeds. The LA-LatticeECP3, on the other hand, has many DSP slices that support different data widths. This
allows designers to use highly parallel implementations of DSP functions. Designers can optimize DSP performance vs.
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area by choosing appropriate levels of parallelism. Figure 3.22 compares the fully serial implementation to the mixed
parallel and serial implementation.

|Operand »| Operand |> ------------------
A A A
|Operand '——bl ------------ Operand
B

> m/k

loops

Multiplier
1

Multiplier
k

Single @ >M loops Multiplier
Multiplier 0
Accumulator
. /)

Function Implemented in
General Purpose DSP

(kadds)

m/k
accumulate

Function Implemented in
LatticeECP3

Figure 3.22. Comparison of General DSP and LA-LatticeECP3 Approaches

3.9. sysDSP Slice Architecture Features

The LA-LatticeECP3 sysDSP Slice has been significantly enhanced to provide functions needed for advanced processing
applications. These enhancements provide improved flexibility and resource utilization.

The LA-LatticeECP3 sysDSP Slice supports many functions that include the following:

Multiply (one 18 x 36, two 18 x 18 or four 9 x 9 Multiplies per Slice).

Multiply (36 x 36 by cascading across two sysDSP slices).

Multiply Accumulate (up to 18 x 36 Multipliers feeding an Accumulator that can have up to 54-bit resolution).

Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18 x 18

Multiplies feed into an accumulator that can accumulate up to 52 bits).

Flexible saturation and rounding options to satisfy a diverse set of applications situations.

Flexible cascading across DSP slices.

e Minimizes fabric use for common DSP and ALU functions.

e  Enables implementation of FIR Filter or similar structures using dedicated sysDSP slice resources only.

e  Provides matching pipeline registers.

e Can be configured to continue cascading from one row of sysDSP slices to another for longer cascade chains.

Flexible and Powerful Arithmetic Logic Unit (ALU) Supports:

e  Dynamically selectable ALU OPCODE.

e Ternary arithmetic (addition/subtraction of three inputs).

e  Bit-wise two-input logic operations (AND, OR, NAND, NOR, XOR and XNOR).

e Eight flexible and programmable ALU flags that can be used for multiple pattern detection scenarios, such as,
overflow, underflow and convergent rounding, and others.

e Flexible cascading across slices to get larger functions.

RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset for legacy users.

Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that require

processor-like flexibility that enables different functions for each clock cycle.
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For most cases, as shown in Figure 3.23, the LA-LatticeECP3 DSP slice is backwards-compatible with the LatticeECP2™
sysDSP block, such that, legacy applications can be targeted to the LA-LatticeECP3 sysDSP slice. The functionality of one
LatticeECP2 sysDSP Block can be mapped into two adjacent LA-LatticeECP3 sysDSP slices, as shown in Figure 3.24.
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mputhegiters ——f x| w ——{F « P o« R
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Left-side DSP ——>| R |—>| IR l—i—>| IR |—>| IR |—I—>
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== Tem= o o | VT T e o |
I| 9x9 | |9x9|”|9x9| |9><9|I i ||9x9| |9x9|”|9x9| |9x9|| -
|| Mult18-0 |||| Mult18-1 || ! || Mult18-0 |||| Mult18-1 || thess
| =————= gl | R — | [ e — A== —
]
1
Intermediate Pipeline 0
Registers | PR | | PR | i | PR | | PR |
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Left DSP —*l Accumulator/ALU (54) h ROeugt I#l Accumulator/ALU (54) h ROeugt -’ Right DSP
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Figure 3.23. Simplified sysDSP Slice Block Diagram
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Note: A_ALU, B_ALU and C_ALU are internal signals generated by combining bits from AA, AB, BA BB and C
inputs. See LatticeECP3 sysDSP Usage Guide (FPGA-TN-02193), for further information.

Figure 3.24. Detailed sysDSP Slice Diagram

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

The LatticeECP2 sysDSP block supports the following basic elements.
e  MULT (Multiply)

e  MAC (Multiply, Accumulate)

e MULTADDSUB (Multiply, Addition/Subtraction)

e MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)

Table 3.8 shows the capabilities of each of the LA-LatticeECP3 slices versus the above functions.

Table 3.8. Maximum Number of Elements in a Slice

Width of Multiply x9 x18 x36

MULT 4 2 1/2

MAC 1 1 —

MULTADDSUB 2 1 —

MULTADDSUBSUM 1! 1/2 —
Note:

1. Oneslice can implement 1/2 9 x 9 m9x9addsubsum and two m9x9addsubsum with two slices.

Some options are available in the four elements. The input register in all the elements can be directly loaded or can be
loaded as a shift register from previous operand registers. By selecting “dynamic operation” the following operations
are possible:

e Inthe Add/Sub option the Accumulator can be switched between addition and subtraction on every cycle.

e The loading of operands can switch between parallel and serial operations.

For further information, please refer to LatticeECP3 sysDSP Usage Guide (FPGA-TN-02193).

3.9.1. MULT DSP Element

This multiplier element implements a multiply with no addition or accumulator nodes. The two operands, AA and AB,
are multiplied and the result is available at the output. The user can enable the input/output and pipeline registers.
Figure 3.25 shows the MULT sysDSP element.
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| |
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=
=
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= KX)
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DSP Slice DSP Slice
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PR = Pipeline Register

OR = Output Register

FR = Flag Register

To FPGA Core

Figure 3.25. MULT sysDSP Element
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3.9.2. MAC DSP Element

In this case, the two operands, AA and AB, are multiplied and the result is added with the previous accumulated value.
This accumulated value is available at the output. The user can enable the input and pipeline registers, but the output
register is always enabled. The output register is used to store the accumulated value. The ALU is configured as the
accumulator in the sysDSP slice in the LA-LatticeECP3 family can be initialized dynamically. A registered overflow signal
is also available. The overflow conditions are provided later in this document. Figure 3.26 shows the MAC sysDSP
element.

From FPGA Core

AB OPCODE BA BB

SRIB SROB

A\ A 4
=
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DSP Slice
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DSP Slice
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OR = Output Register
FR = Flag Register

To FPGA Core

Figure 3.26. MAC DSP Element

3.9.3. MMAC DSP Element

The LA-LatticeECP3 supports a MAC with two multipliers. This is called Multiply Multiply Accumulate or MMAC. In this
case, the two operands, AA and AB, are multiplied and the result is added with the previous accumulated value and
with the result of the multiplier operation of operands BA and BB. This accumulated value is available at the output.
The user can enable the input and pipeline registers, but the output register is always enabled. The output register is
used to store the accumulated value. The ALU is configured as the accumulator in the sysDSP slice. A registered
overflow signal is also available. The overflow conditions are provided later in this document. Figure 3.27 shows the
MMAC sysDSP element.
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Figure 3.27. MMAC sysDSP Element

3.9.4. MULTADDSUB DSP Element

In this case, the operands AA and AB are multiplied and the result is added/subtracted with the result of the multiplier

operation of operands BA and BB. The user can enable the input, output and pipeline registers. Figure 3.28 shows the
MULTADDSUB sysDSP element.
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Figure 3.28. MULTADDSUB

3.9.5. MULTADDSUBSUM DSP Element

In this case, the operands AA and AB are multiplied and the result is added/subtracted with the result of the multiplier
operation of operands BA and BB of Slice 0. Additionally, the operands AA and AB are multiplied and the result is
added/subtracted with the result of the multiplier operation of operands BA and BB of Slice 1. The results of both
addition/subtractions are added by the second ALU following the slice cascade path. The user can enable the input,
output and pipeline registers. Figure 3.29 and Figure 3.30 show the MULTADDSUBSUM sysDSP element.
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Figure 3.29. MULTADDSUBSUM Slice 0
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Figure 3.30. MULTADDSUBSUM Slice 1

3.10. Advanced sysDSP Slice Features

3.10.1. Cascading

The LA-LatticeECP3 sysDSP slice has been enhanced to allow cascading. Adder trees are implemented fully in sysDSP
slices, improving the performance. Cascading of slices uses the signals CIN, COUT and C Mux of the slice.
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3.10.2. Addition

The LA-LatticeECP3 sysDSP slice allows for the bypassing of multipliers and cascading of adder logic. High performance
adder functions are implemented without the use of LUTs. The maximum width adders that can be implemented are
54-bit.

3.10.3. Rounding

The rounding operation is implemented in the ALU and is done by adding a constant followed by a truncation
operation. The rounding methods supported are:

e  Rounding to zero (RTZ)

e Rounding to infinity (RTI)

e Dynamic rounding

e Random rounding

e  Convergent rounding

3.10.4. ALU Flags

The sysDSP slice provides a number of flags from the ALU including:

e Equal to zero (EQZ)

e Equal to zero with mask (EQZM)

e Equal to one with mask (EQOM)

e Equal to pattern with mask (EQPAT)

e Equal to bit inverted pattern with mask (EQPATB)

e Accumulator Overflow (OVER)

e Accumulator Underflow (UNDER)

e Either over or under flow supporting LatticeECP2 legacy designs (OVERUNDER)

3.10.5. Clock, Clock Enable and Reset Resources

Global Clock, Clock Enable and Reset signals from routing are available to every sysDSP slice. From four clock sources
(CLKO, CLK1, CLK2, and CLK3) one clock is selected for each input register, pipeline register and output register.
Similarly Clock Enable (CE) and Reset (RST) are selected at each input register, pipeline register and output register.

3.10.6. Resources Available in the LA-LatticeECP3 Family

Table 3.9 shows the maximum number of multipliers for each member of the LA-LatticeECP3 family. Table 3.10 shows
the maximum available EBR RAM Blocks in each LA-LatticeECP3 device. EBR blocks, together with Distributed RAM can
be used to store variables locally for fast DSP operations.

Table 3.9. Maximum Number of DSP Slices in the LA-LatticeECP3 Family

Device DSP Slices 9 x 9 Multiplier 18 x 18 Multiplier 36 x 36 Multiplier
LAE3-17 12 48 24 6
LAE3-35 32 128 64 16

Table 3.10. Embedded SRAM in the LA-LatticeECP3 Family

Device

EBR SRAM Block

Total EBR SRAM (Kbits)

LAE3-17

38

700

3.11. Programmable I/0 Cells (PIC)

Each PIC contains two PIOs connected to their respective sysl/O buffers as shown in Figure 3.31. The PIO Block supplies
the output data (DO) and the tristate control signal (TO) to the sysl/O buffer and receives input from the buffer. Table
3.11 provides the P10 signal list.
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Figure 3.31. PIC Diagram

Two adjacent PIOs can be joined to provide a differential I/O pair (labeled as T and C) as shown in Figure 3.31. The PAD
Labels T and C distinguish the two PIOs. Approximately 50% of the P10 pairs on the left and right edges of the device
can be configured as true LVDS outputs. All I/O pairs can operate as LVDS inputs.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Table 3.11. PIO Signal List

Name Type Description
INDD Input Data Register bypassed input. This is not the same port as INCK.
IPA, INA, IPB, INB Input Data Ports to core for input data

OPOSA, ONEGA,
OPOSB, ONEGB!

Output Data

Output signals from core. An exception is the ONEGB port, used for tristate logic
at the DQS pad.

CE P1O Control Clock enables for input and output block flip-flops.

SCLK P1O Control System Clock (PCLK) for input and output/TS blocks. Connected from clock ISB.

LSR PIO Control Local Set/Reset

ECLK1, ECLK2 PIO Control Edge clock sources. Entire PIO selects one of two sources using mux.

ECLKDQSR* Read Control From DQS_STROBE, shifted strobe for memory interfaces only.

DDRCLKPOL! Read Control Ensures transfer from DQS domain to SCLK domain.

DDRLAT? Read Control Used to guarantee INDDRX2 gearing by selectively enabling a D-Flip-Flop in

datapath.

DEL[3:0] Read Control Dynamic input delay control bits.

INCK To Clock PIO treated as clock P10, path to distribute to primary clocks and PLL.
Distribution and PLL

TS Tristate Data Tristate signal from core (SDR)

DQCLKO?, DQCLK1*

Write Control

Two clocks edges, 90 degrees out of phase, used in output gearing.

DQSW?

Write Control

Used for output and tristate logic at DQS only.

DYNDEL[7:0]

Write Control

Shifting of write clocks for specific DQS group, using 6:0 each step is
approximately 25 ps, 128 steps. Bit 7 is an invert (timing depends on input
frequency). There is also a static control for this 8-bit setting, enabled with a
memory cell.

DCNTL[6:0] PIO Control Original delay code from DDR DLL

DATAVALID! Output Data Status flag from DATAVALID logic, used to indicate when input data is captured in
IOLOGIC and valid to core.

READ For DQS_Strobe Read signal for DDR memory interface

DQSI For DQS_Strobe Unshifted DQS strobe from input pad

PRMBDET For DQS_Strobe DQSI biased to go high when DQSI is tristate, goes to input logic block as well as
core logic.

GSRN Control from Global Set/Reset

routing
Notes:

1. Signals available on left/right/top edges only.

2. Selected PIO.

3.12. PIO

The PIO contains four blocks: an input register block, output register block, tristate register block and a control logic
block. These blocks contain registers for operating in a variety of modes along with the necessary clock and selection

logic.

3.12.1. Input Register Block

The input register blocks for the PIOs, in the left, right and top edges, contain delay elements and registers that can be
used to condition high-speed interface signals, such as DDR memory interfaces and source synchronous interfaces,
before they are passed to the device core. Figure 3.32 shows the input register block for the left, right and top edges.
The input register block for the bottom edge contains one element to register the input signal and no DDR registers.
The following description applies to the input register block for PIOs in the left, right and top edges only.

Input signals are fed from the sysl/O buffer to the input register block (as signal DI). If desired, the input signhal can
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), a clock (INCK) and, in
selected blocks, the input to the DQS delay block. If an input delay is desired, designers can select either a fixed delay
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or a dynamic delay DEL[3:0]. The delay, if selected, reduces input register hold time requirements when using a global
clock.

The input block allows three modes of operation. In single data rate (SDR) the data is registered with the system clock
by one of the registers in the single data rate sync register block.

In DDR mode, two registers are used to sample the data on the positive and negative edges of the modified DQS
(ECLKDQSR) in the DDR Memory mode or ECLK signal when using DDR Generic mode, creating two data streams.
Before entering the core, these two data streams are synchronized to the system clock to generate two data streams.

A gearbox function can be implemented in each of the input registers on the left and right sides. The gearbox function
takes a double data rate signal applied to PIOA and converts it as four data streams, INA, IPA, INB and IPB. The two data
streams from the first set of DDR registers are synchronized to the edge clock and then to the system clock before
entering the core. Figure 3.29 provides further information on the use of the gearbox function.

The signal DDRCLKPOL controls the polarity of the clock used in the synchronization registers. It ensures adequate
timing when data is transferred to the system clock domain from the ECLKDQSR (DDR Memory Interface mode) or ECLK
(DDR Generic mode). The DDRLAT signal is used to ensure the data transfer from the synchronization registers to the
clock transfer and gearbox registers.

The ECLKDQSR, DDRCLKPOL and DDRLAT signals are generated in the DQS Read Control Logic Block. See Figure 3.36 for
an overview of the DQS read control logic.

Further discussion about using the DQS strobe in this module is discussed in the DDR Memory section of this data
sheet.

Please see LatticeECP3 High-Speed I/O Interface (FPGA-TN-02184) Interface for more information on this topic.

;
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Figure 3.32. Input Register Block for Left, Right and Top Edges

3.12.2. Output Register Block

The output register block registers signals from the core of the device before they are passed to the sysl/O buffers. The
blocks on the left and right PIOs contain registers for SDR and full DDR operation. The topside PIO block is the same as
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the left and right sides except it does not support ODDRX2 gearing of output logic. ODDRX2 gearing is used in DDR3
memory interfaces.The PIO blocks on the bottom contain the SDR registers but do not support generic DDR.

Figure 3.33 shows the Output Register Block for PIOs on the left and right edges.

In SDR mode, OPOSA feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a Dtype
or latch. In DDR mode, two of the inputs are fed into registers on the positive edge of the clock. At the next clock cycle,
one of the registered outputs is also latched.

A multiplexer running off the same clock is used to switch the mux between the 11 and 01 inputs that will then feed
the output.

A gearbox function can be implemented in the output register block that takes four data streams: OPOSA, ONEGA,
OPOSB and ONEGB. All four data inputs are registered on the positive edge of the system clock and two of them are
also latched. The data is then output at a high rate using a multiplexer that runs off the DQCLKO and DQCLK1 clocks.
DQCLKO and DQCLK1 are used in this case to transfer data from the system clock to the edge clock domain. These
signals are generated in the DQS Write Control Logic block. See Figure 3.36 for an overview of the DQS write control
logic.

Please see LatticeECP3 High-Speed I/0 Interface (FPGA-TN-02184) Interface for more information on this topic.

Further discussion on using the DQS strobe in this module is discussed in the DDR Memory section of this data sheet.
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Figure 3.33. Output and Tristate Block for Left and Right Edges

3.12.3. Tristate Register Block

The tristate register block registers tristate 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 and an additional register for DDR operation.
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In SDR and non-gearing DDR modes, TS input feeds one of the flip-flops that then feeds the output. In DDRX2 mode,
the register TS input is fed into another register that is clocked using the DQCLKO and DQCLK1 signals. The output of
this register is used as a tristate control.

3.12.4.1SI Calibration

The setting for Inter-Symbol Interference (ISI) cancellation occurs in the output register block. ISI correction is only
available in the DDRX2 modes. ISI calibration settings exist once per output register block, so each 1/0 in a DQS- 12
group may have a different ISI calibration setting.

The ISI block extends output signals at certain times, as a function of recent signal history. So, if the output pattern
consists of a long strings of 0's to long strings of 1's, there are no delays on output signals. However, if there are quick,
successive transitions from 010, the block will stretch out the binary 1. This is because the long trail of 0's will cause
these symbols to interfere with the logic 1. Likewise, if there are quick, successive transitions from 101, the block will
stretch out the binary 0. This block is controlled by a 3-bit delay control that can be set in the DQS control logic block.

For more information about this topic, please see the list of technical documentation at the end of this data sheet.

3.12.5. Control Logic Block

The control logic block allows the selection and modification of control signals for use in the PIO block.

3.13. DDR Memory Support

Certain PICs have additional circuitry to allow the implementation of high-speed source synchronous and DDR, DDR2
and DDR3 memory interfaces. The support varies by the edge of the device as detailed below.

3.13.1. Left and Right Edges

The left and right sides of the PIC have fully functional elements supporting DDR, DDR2, and DDR3 memory interfaces.
One of every 12 PIOs supports the dedicated DQS pins with the DQS control logic block. Figure 3.34 shows the DQS bus
spanning 11 1/0 pins. Two of every 12 PIOs support the dedicated DQS and DQS# pins with the DQS control logic block.

3.13.2. Bottom Edge

PICs on the bottom edge of the device do not support DDR memory and Generic DDR interfaces.

3.13.3. Top Edge

PICs on the top side are similar to the PIO elements on the left and right sides but do not support gearing on the output
registers. Hence, the modes to support output/tristate DDR3 memory are removed on the top side.

The exact DQS pins are shown in a dual function in the Logic Signal Connections table in this data sheet. Additional
detail is provided in the Signal Descriptions table. The DQS signal from the bus is used to strobe the DDR data from the
memory into input register blocks. Interfaces on the left, right and top edges are designed for DDR memories that
support 10 bits of data.
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Figure 3.34. DQS Grouping on the Left, Right and Top Edges

3.13.4. DLL Calibrated DQS Delay Block

Source synchronous interfaces generally require the input clock to be adjusted in order to correctly capture data at the
input register. For most interfaces, a PLL is used for this adjustment. However, in DDR memories the clock (referred to
as DQS) is not free-running so this approach cannot be used. The DQS Delay block provides the required clock
alignment for DDR memory interfaces.

The delay required for the DQS signal is generated by two dedicated DLLs (DDR DLL) on opposite side of the device.
Each DLL creates DQS delays in its half of the device as shown in Figure 3.36. The DDR DLL on the left side will generate
delays for all the DQS Strobe pins on Banks 0, 7 and 6 and DDR DLL on the right will generate delays for all the DQS pins
on Banks 1, 2 and 3. The DDR DLL loop compensates for temperature, voltage and process variations by using the
system clock and DLL feedback loop. DDR DLL communicates the required delay to the DQS delay block using a 7-bit
calibration bus (DCNTL[6:0])

The DQS signal (selected PIOs only, as shown in Figure 3.34) feeds from the PAD through a DQS control logic block to a
dedicated DQS routing resource. The DQS control logic block consists of DQS Read Control logic block that generates
control signals for the read side and DQS Write Control logic that generates the control signals required for the write
side. A more detailed DQS control diagram is shown in Figure 3.35, which shows how the DQS control blocks interact
with the data paths.

The DQS Read control logic receives the delay generated by the DDR DLL on its side and delays the incoming DQS signal
by 90 degrees. This delayed ECLKDQSR is routed to 10 or 11 DQ pads covered by that DQS signal. This block also
contains a polarity control logic that generates a DDRCLKPOL signal, which controls the polarity of the clock to the sync
registers in the input register blocks. The DQS Read control logic also generates a DDRLAT signal that is in the input
register block to transfer data from the first set of DDR register to the second set of DDR registers when using the
DDRX2 gearbox mode for DDR3 memory interface.

The DQS Write control logic block generates the DQCLKO and DQCLK1 clocks used to control the output gearing in the
Output register block which generates the DDR data output and the DQS output. They are also used to control the
generation of the DQS output through the DQS output register block. In addition to the DCNTL [6:0] input from the DDR
DLL, the DQS Write control block also uses a Dynamic Delay DYN DEL [7:0] attribute which is used to further delay the
DQS to accomplish the write leveling found in DDR3 memory. Write leveling is controlled by the DDR memory
controller implementation. The DYN DELAY can set 128 possible delay step settings. In addition, the most significant bit
will invert the clock for a 180-degree shift of the incoming clock. This will generate the DQSW signal used to generate
the DQS output in the DQS output register block.
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Figure 3.35 and Figure 3.36 show how the DQS transition signals that are routed to the PIOs. Please see LatticeECP3
High-Speed 1/0 Interface (FPGA-TN-02184) for more information on this topic.
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Figure 3.35. Edge Clock, DLL Calibration and DQS Local Bus Distribution
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3.13.5. Polarity Control Logic

In a typical DDR Memory interface design, the phase relationship between the incoming delayed DQS strobe and the
internal system clock (during the READ cycle) is unknown. The LA-LatticeECP3 family contains dedicated circuits to
transfer data between these domains. A clock polarity selector is used to prevent set-up and hold violations at the

domain transfer between DQS (delayed) and the system clock. This changes the edge on which the data is registered in

the synchronizing registers in the input register block. This requires evaluation at the start of each READ cycle for the
correct clock polarity.

Prior to the READ operation in DDR memories, DQS is in tristate (pulled by termination). The DDR memory device
drives DQS low at the start of the preamble state. A dedicated circuit detects the first DQS rising edge after the
preamble state. This signal is used to control the polarity of the clock to the synchronizing registers.

3.13.6. DDR3 Memory Support

LA-LatticeECP3 supports the read and write leveling required for DDR3 memory interfaces.

Read leveling is supported by the use of the DDRCLKPOL and the DDRLAT signals generated in the DQS Read Control
logic block. These signals dynamically control the capture of the data with respect to the DQS at the input register
block.
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To accomplish write leveling in DDR3, each DQS group has a slightly different delay that is set by DYN DELAY[7:0] in the
DQS Write Control logic block. The DYN DELAY can set 128 possible delay step settings. In addition, the most significant
bit will invert the clock for a 180-degree shift of the incoming clock.

LA-LatticeECP3 input and output registers can also support DDR gearing that is used to receive and transmit the high
speed DDR data from and to the DDR3 Memory.

LA-LatticeECP3 supports the 1.5 V SSTL I/O standard required for the DDR3 memory interface. For more information,
refer to the sysl/O section of this data sheet.

Please see LatticeECP3 High-Speed 1/0 Interface (FPGA-TN-02184) Interface for more information on DDR Memory
interface implementation in LA-LatticeECP3.

3.14. sysl/O Buffer

Each 1/0 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 the wide variety of
standards that are found in today’s systems including LVDS, BLVDS, HSTL, SSTL Class | & II, LVCMOS, LVTTL, LVPECL, PCI.

3.14.1. sysl/O Buffer Banks

LA-LatticeECP3 devices have six sysl/O buffer banks: six banks for user /0 arranged two per side. The banks on the
bottom side are wraparounds of the banks on the lower right and left sides. The seventh sysl/O buffer bank
(Configuration Bank) is located adjacent to Bank 2 and has dedicated/shared 1/O for configuration. When a shared pin
is not used for configuration it is available as a user I/0. Each bank is capable of supporting multiple 1/O standards. Each
sysl/O bank has its own I/O supply voltage (VCCIO). In addition, each bank, except the Configuration Bank, has voltage
references, VREF1 and VREF2, which allow it to be completely independent from the others. Figure 3.37 shows the
seven banks and their associated supplies.

In LA-LatticeECP3 devices, single-ended output buffers and ratioed input buffers (LVTTL, LVCMOS and PCl) are powered
using VCCIO. LVTTL, LVCMOS33, LVCMO0S25 and LVCMOS12 can also be set as fixed threshold inputs independent of
VCCIO.

Each bank can support up to two separate VREF voltages, VREF1 and VREF2, that set the threshold for the referenced
input buffers. Some dedicated I/O pins in a bank can be configured to be a reference voltage supply pin. Each I/O is
individually configurable based on the bank’s supply and reference voltages.
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Figure 3.37. LA-LatticeECP3 Banks

LA-LatticeECP3 devices contain two types of sysl/O buffer pairs.

1.

Top (Bank 0 and Bank 1) and Bottom sysl/O Buffer Pairs (Single-Ended Outputs Only)

The sysl/O buffer pairs in the top banks of the device consist of two single-ended output drivers and two sets of
single-ended input buffers (both ratioed and referenced). One of the referenced input buffers can also be
configured as a differential input. Only the top edge buffers have a programmable PCI clamp.

The two pads in the pair are described as “true” and “comp”, where the true pad is associated with the positive
side of the differential input buffer and the comp (complementary) pad is associated with the negative side of the
differential input buffer.

The top and bottom sides are ideal for general purpose I/0, PCl, and inputs for LVDS (LVDS outputs are only allowed
on the left and right sides). The top side can be used for the DDR3 ADDR/CMD signals.

The 1/0 pins located on the top and bottom sides of the device (labeled PTxxA/B or PBxxA/B) are fully hot
socketable. Note that the pads in Banks 3, 6 and 8 are wrapped around the corner of the device. In these banks,
only the pads located on the top or bottom of the device are hot socketable. The top and bottom side pads can be
identified by the Lattice Diamond tool.

Left and Right (Banks 2, 3, 6 and 7) sysl/O Buffer Pairs (50% Differential and 100% Single-Ended Outputs)

The sysl/O buffer pairs in the left and right banks of the device consist of two single-ended output drivers, two sets
of single-ended input buffers (both ratioed and referenced) and one differential output driver. One of the
referenced input buffers can also be configured as a differential input. In these banks the two pads in the pair are
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described as “true” and “comp”, where the true pad is associated with the positive side of the differential I/0, and
the comp (complementary) pad is associated with the negative side of the differential 1/0.

In addition, programmable on-chip input termination (parallel or differential, static or dynamic) is supported on
these sides, which is required for DDR3 interface. However, there is no support for hot-socketing for the 1/0 pins
located on the left and right side of the device as the PClI clamp is always enabled on these pins.

LVDS, RSDS, PPLVDS and Mini-LVDS differential output drivers are available on 50% of the buffer pairs on the left
and right banks.

3. Configuration Bank sysl/O Buffer Pairs (Single-Ended Outputs, Only on Shared Pins When Not Used by
Configuration)

The sysl/O buffers in the Configuration Bank consist of ratioed single-ended output drivers and single-ended input
buffers. This bank does not support PClI clamp like the other banks on the top, left, and right sides.

The two pads in the pair are described as “true” and “comp”, where the true pad is associated with the positive
side of the differential input buffer and the comp (complementary) pad is associated with the negative side of the
differential input buffer.

Programmable PCI clamps are only available on the top banks. PCI clamps are used primarily on inputs and bi-
directional pads to reduce ringing on the receiving end.

3.14.2. Typical sysl/O 1/0 Behavior During Power-up

The internal power-on-reset (POR) signal is deactivated when Vcc, Vecios and Vecaux have reached satisfactory levels.
After the POR signal is deactivated, the FPGA core logic becomes active. It is the user’s responsibility to ensure that all
other 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. For more information about controlling the output logic state with valid input logic
levels during power-up in LA-LatticeECP3 devices, see the list of technical documentation at the end of this data sheet.

The Vce and Vecaux supply the power to the FPGA core fabric, whereas the Vccio supplies power to the 1/0 buffers. In
order to simplify system design while providing consistent and predictable 1/O behavior, it is recommended that the I/O
buffers be powered-up prior to the FPGA core fabric. Vccio supplies should be powered-up before or together with the
Vcc and Veeaux supplies.

3.14.3. Supported sysl/O Standards

The LA-LatticeECP3 sysl/O buffer supports both single-ended and differential standards. Single-ended standards can be
further subdivided into LVCMOS, LVTTL and other standards. The buffers support the LVTTL, LVCMOS

1.2V,1.5V,1.8V, 2.5V and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individual configuration
options for drive strength, slew rates, bus maintenance (weak pull-up, weak pull-down, or a bus-keeper latch) and
open drain. Other single-ended standards supported include SSTL and HSTL. Differential standards supported include
LVDS, BLVDS, LVPECL, MLVDS, RSDS, Mini-LVDS, PPLVDS (point-to-point LVDS), TRLVDS (Transition Reduced LVDS),
differential SSTL and differential HSTL. For further information on utilizing the sysl/O buffer to support a variety of
standards please see LatticeECP3 syslO Usage Guide (FPGA-TN-02194).

3.14.4. On-Chip Programmable Termination

The LA-LatticeECP3 supports a variety of programmable on-chip terminations options, including:

e Dynamically switchable Single-Ended Termination with programmable resistor values of 40, 50, or 60 Q. External
termination to Vtt should be used for DDR2 and DDR3 memory controller implementation.

e Common mode termination of 80, 100, 120 Q for differential inputs
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Figure 3.38. On-Chip Termination

See Table 3.12 for termination options for input modes.

Table 3.12. On-Chip Termination Options for Input Modes

I0_TYPE TERMINATE to VTT*? DIFFERENTIAL TERMINATION RESISTOR?
LVDS25 b 80, 100, 120
BLVDS25 b 80, 100, 120
MLVDS b 80, 100, 120
HSTL18_| 40, 50, 60 b

HSTL18_lI 40, 50, 60 b
HSTL18D_| 40, 50, 60 b
HSTL18D_lI 40, 50, 60 b

HSTL15_| 40, 50, 60 b
HSTL15D_| 40, 50, 60 b

SSTL25_1 40, 50, 60 b

SSTL25_11 40, 50, 60 b

SSTL25D_| 40, 50, 60 b
SSTL25D_II 40, 50, 60 b

SSTL18_| 40, 50, 60 b

SSTL18 I 40, 50, 60 b

SSTL18D_| 40, 50, 60 b
SSTL18D_lI 40, 50, 60 b

SSTL15 40, 50, 60 b

SSTL15D 40, 50, 60 b

Notes:

1. TERMINATE to VTT and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have one setting per bank. Only left and
right banks have this feature. Use of TERMINATE to VTT and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in an
1/0 bank. On-chip termination tolerance +/- 20%

2. External termination to VTT should be used when implementing DDR2 and DDR3 memory controller.

Please see LatticeECP3 syslO Usage Guide (FPGA-TN-02194) for on-chip termination usage and value ranges.

3.14.5. Equalization Filter

Equalization filtering is available for single-ended inputs on both true and complementary /0, and for differential
inputs on the true I/0 on the left, right, and top sides. Equalization is required to compensate for the difficulty of
sampling alternating logic transitions with a relatively slow slew rate. It is considered the most useful for the Input
DDRX2 modes, used in DDR3 memory, LVDS, or TRLVDS signaling. Equalization filter acts as a tunable filter with settings
to determine the level of correction. In the LA-LatticeECP3 devices, there are four settings available: 0 (none), 1, 2 and
3. The default setting is 0. The equalization logic resides in the sysl/O buffers, the two bits of setting is set uniquely in
each input I/OLOGIC block. Therefore, each sysl/O can have a unique equalization setting within a DQS-12 group.
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3.14.6. Hot Socketing

LA-LatticeECP3 devices have been carefully designed to ensure predictable behavior during power-up and power-
down. During power-up and power-down sequences, the I/O remain in tristate until the power supply voltage is high
enough to ensure reliable operation. In addition, leakage into I/O pins is controlled within specified limits. Please refer
to the Hot Socketing Specifications1, 2, 3 section in this data sheet.

3.15. SERDES and PCS (Physical Coding Sublayer)

LA-LatticeECP3 devices feature up to 4 channels of embedded SERDES/PCS arranged as quad at the bottom of the
devices supporting up to 3.2 Gbps data rate. Figure 3.39 shows the position of the quad block for the LA-LatticeECP3-35
devices. Table 3.14 shows the location of available SERDES Quad for both devices.

The LA-LatticeECP3 SERDES/PCS supports a range of popular serial protocols, including:

e PClExpress 1.1

e Ethernet (XAUI, GbE - 1000 Base CS/SX/LX and SGMII)

e Serial RapidlO

e SMPTE SDI (3G, HD, SD)

e CPRI

e  SONET/SDH (STS-3, STS-12, STS-48)

The quad contains four dedicated SERDES for high speed, full duplex serial data transfer. The quad also has a PCS block
that interfaces to the SERDES channels and contains protocol specific digital logic to support the standards listed above.
The PCS block also contains interface logic to the FPGA fabric. All PCS logic for dedicated protocol support can also be
bypassed to allow raw 8-bit or 10-bit interfaces to the FPGA fabric.

Even though the SERDES/PCS blocks are arranged as quad, multiple baud rates can be supported within a quad with the
use of dedicated, per channel +1, +2 and +11 rate dividers.

For information on how to use the SERDES/PCS blocks to support specific protocols, as well on how to combine

multiple protocols and baud rates within a device, please refer to LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-
02190).

sysl/O Bank O | | sysl/O Bank 1 | |
o
— o
=3
=h
oQ
=
=
Q
=1
o
=3
~ &
= =
&
o
=
« |
&
»
>
=
L | o
- &
=]
=~
N
@ —
-~
=
&
L @
s =<
>
& <
o
&
=]
=~
SERDES/PCS &y
Quad A
| EIEIOEE |
5|13 I

Figure 3.39. SERDES/PCS Quads (LA-LatticeECP3-35)
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Table 3.13. LA-LatticeECP3 SERDES Standard Support

Standard Data Rate (Mbps) Number of General/Link Encoding Style
Width
PCl Express 1.1 2500 x1, x2, x4 8b10b
Gigabit Ethernet 1250, 2500 x1 8b10b
SGMII 1250 x1 8b10b
XAUI 3125 x4 8b10b
Serial RapidlO Type |, Serial 1250, x1, x4 8b10b
RapidlO Type Il, Serial RapidlO | 2500,
Typelll 3125
CPRI-1, CPRI-2, CPRI-3, CPRI-4 | 614.4, x1 8b10b
1228.8,
2457.6,
3072.0
SD-SDI (259M, 344M) 1431, x1 NRZI/Scrambled
177,
270,
360,
540
HD-SDI (292M) 1483.5, x1 NRZI/Scrambled
1485
3G-SDI (424M) 2967, x1 NRZI/Scrambled
2970
SONET-STS-32 155.52 x1 N/A
SONET-STS-122 622.08 x1 N/A
SONET-STS-48? 2488 x1 N/A

Notes:

1. Forslower rates, the SERDES are bypassed and CML signals are directly connected to the FPGA routing.

2. The SONET protocol is supported in 8-bit SERDES mode. See LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-02190) for more

information.

Table 3.14. LA-LatticeECP3 SERDES Standard Support

Package LAE3-17 LAE3-35
256 ftBGA 1 1

328 csBGA 2 channels —

484 fpBGA 1 1

672 fpBGA — 1

SERDES Block

A SERDES receiver channel may receive the serial differential data stream, equalize the signal, perform Clock and Data
Recovery (CDR) and deserialize the data stream before passing the 8- or 10-bit data to the PCS logic. The SERDES
transmitter channel may receive the parallel 8- or 10-bit data, serialize the data and transmit the serial bit stream
through the differential drivers. Figure 3.40 shows a single-channel SERDES/PCS block. Each SERDES channel provides a
recovered clock and a SERDES transmit clock to the PCS block and to the FPGA core logic.

Each transmit channel, receiver channel, and SERDES PLL shares the same power supply (VCCA). The output and input
buffers of each channel have their own independent power supplies (VCCOB and VCCIB).
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Figure 3.40. Simplified Channel Block Diagram for SERDES/PCS Block

3.15.1.PCS

As shown in Figure 3.40, the PCS receives the parallel digital data from the deserializer and selects the polarity,
performs word alignment, decodes (8b/10b), provides Clock Tolerance Compensation and transfers the clock domain
from the recovered clock to the FPGA clock via the Down Sample FIFO.

For the transmit channel, the PCS block receives the parallel data from the FPGA core, encodes it with 8b/10b, selects
the polarity and passes the 8/10 bit data to the transmit SERDES channel.

The PCS also provides bypass modes that allow a direct 8-bit or 10-bit interface from the SERDES to the FPGA logic. The
PCS interface to the FPGA can also be programmed to run at 1/2 speed for a 16-bit or 20-bit interface to the FPGA logic.

3.15.2. SCI (SERDES Client Interface) Bus

The SERDES Client Interface (SCl) is an IP interface that allows the SERDES/PCS Quad block to be controlled by registers
rather than the configuration memory cells. It is a simple register configuration interface that allows SERDES/PCS
configuration without power cycling the device.

The Diamond design tool supports all modes of the PCS. Most modes are dedicated to applications associated with a
specific industry standard data protocol. Other more general purpose modes allow users to define their own operation.
With these tools, the user can define the mode for each quad in a design.

Popular standards such as 10Gb Ethernet, x4 PCl Express and 4x Serial RapidlO can be implemented using IP (available
through Lattice), a single quad (Four SERDES channels and PCS) and some additional logic from the core.

The LA-LatticeECP3 family also supports a wide range of primary and secondary protocols. Within the same quad, the
LA-LatticeECP3 family can support mixed protocols with semi-independent clocking as long as the required clock
frequencies are integer x1, x2, or x11 multiples of each other. Table 3.15 lists the allowable combination of primary and
secondary protocol combinations.

3.16. Flexible Quad SERDES Architecture

The LA-LatticeECP3 family SERDES architecture is a quad-based architecture. For most SERDES settings and standards,
the whole quad (consisting of four SERDES) is treated as a unit. This helps in silicon area savings, better utilization and
overall lower cost.

However, for some specific standards, the LA-LatticeECP3 quad architecture provides flexibility; more than one
standard can be supported within the same quad.

Table 3.15 shows the standards can be mixed and matched within the same quad. In general, the SERDES standards
whose nominal data rates are either the same or a defined subset of each other, can be supported within the same
quad. In Table 3.15, the Primary Protocol column refers to the standard that determines the reference clock and PLL
settings. The Secondary Protocol column shows the other standard that can be supported within the same quad.
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Furthermore, Table 3.15 also implies that more than two standards in the same quad can be supported, as long as they
conform to the data rate and reference clock requirements. For example, a quad may contain PCl Express 1.1, SGMII,
Serial RapidlO Type | and Serial RapidlO Type II, all in the same quad.

Table 3.15. LatticeECP3 Primary and Secondary Protocol Support

Primary Protocol

Secondary Protocol

PCl Express 1.1

SGMII

PCl Express 1.1

Gigabit Ethernet

PCl Express 1.1

Serial RapidlO Type |

PCl Express 1.1

Serial RapidlO Type Il

Serial RapidlO Type | SGMII
Serial RapidlO Type | Gigabit Ethernet
Serial RapidlO Type Il SGMII

Serial RapidlO Type Il

Gigabit Ethernet

Serial RapidlO Type Il

Serial RapidlO Type |

CPRI-3

CPRI-2 and CPRI-1

3G-SDI

HD-SDI and SD-SDI

There are some restrictions to be aware of when using spread spectrum. When a quad shares a PCl Express x1 channel
with a non-PCl Express channel, ensure that the reference clock for the quad is compatible with all protocols within the
quad. For example, a PCl Express spread spectrum reference clock is not compatible with most Gigabit Ethernet
applications because of tight CTC ppm requirements.

While the LA-LatticeECP3 architecture will allow the mixing of a PCl Express channel and a Gigabit Ethernet, Serial
RapidlO or SGMII channel within the same quad, using a PCI Express spread spectrum clocking as the transmit
reference clock will cause a violation of the Gigabit Ethernet, Serial RapidlO and SGMII transmit jitter specifications.

For further information on SERDES, please see LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-02190).

3.17. IEEE 1149.1-Compliant Boundary Scan Testability

All LA-LatticeECP3 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/O: TDI, TDO, TCK and TMS. The test access port has its own supply voltage VCCJ and can operate
with LVCMO0S3.3, 2.5, 1.8, 1.5 and 1.2 standards.

For more information, please see LatticeECP3 sysCONFIG Usage Guide (FPGA-TN-02192).

3.18. Device Configuration

All LA-LatticeECP3 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, support dual-byte, byte and serial configuration. The
TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532 In-System
Configuration specification. The sysCONFIG port includes seven I/O used as dedicated pins with the remaining pins
used as dual-use pins. See LatticeECP3 sysCONFIG Usage Guide (FPGA-TN-02192) for more information about using the
dual-use pins as general purpose I/0.

There are various ways to configure a LA-LatticeECP3 device:

1. JTAG

Standard Serial Peripheral Interface (SPl and SPIm modes) - interface to boot PROM memory

System microprocessor to drive a x8 CPU port (PCM mode)

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

vk Wb

Generic byte wide flash with a MachXO™ device, providing control and addressing
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On power-up, the FPGA 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.

LA-LatticeECP3 devices also support the Slave SPI Interface. In this mode, the FPGA behaves like a SPI Flash device
(slave mode) with the SPI port of the FPGA to perform read-write operations.

3.18.1. Enhanced Configuration Options

LA-LatticeECP3 devices have enhanced configuration features such as: decryption support, TransFR™ 1/O and dual-boot
image support.

1. TransFR (Transparent Field Reconfiguration)

TransFR I/O (TFR) is a unique Lattice technology that allows users to update their logic in the field without
interrupting system operation using a single ispVM command. TransFR 1/0O allows I/O states to be frozen during
device configuration. This allows the device to be field updated with a minimum of system disruption and
downtime. See Minimizing System Interruption During Configuration Using TransFR Technology (FPGA-TN-02198)
for details.

2. Dual-Boot Image Support

Dual-boot images are supported for applications requiring reliable remote updates of configuration data for the
system FPGA. After the system is running with a basic configuration, a new boot image can be downloaded
remotely and stored in a separate location in the configuration storage device. Any time after the update the LA-
LatticeECP3 can be re-booted from this new configuration file. If there is a problem, such as corrupt data during
download or incorrect version number with this new boot image, the LA-LatticeECP3 device can revert back to the
original backup golden configuration and try again. This all can be done without power cycling the system. For
more information, please see LatticeECP3 sysCONFIG Usage Guide (FPGA-TN-02192).

3.18.2. Soft Error Detect (SED) Support

LA-LatticeECP3 devices have dedicated logic to perform Cycle Redundancy Code (CRC) checks. During configuration, the
configuration data bitstream can be checked with the CRC logic block. In addition, the LA-LatticeECP3 device can also
be programmed to utilize a Soft Error Detect (SED) mode that checks for soft errors in configuration SRAM. The SED
operation can be run in the background during user mode. If a soft error occurs, during user mode (hormal operation)
the device can be programmed to generate an error signal.

For further information on SED support, please see LatticeECP3 Soft Error Detection (SED) Usage Guide (FPGA-TN-
02207).

3.18.3. External Resistor

LA-LatticeECP3 devices require a single external, 10K Q +1% value between the XRES pin and ground. Device
configuration will not be completed if this resistor is missing. There is no boundary scan register on the external
resistor pad.

3.18.4. On-Chip Oscillator

Every LA-LatticeECP3 device has an internal CMOS oscillator which is used to derive a Master Clock (MCCLK) for
configuration. The oscillator and the MCCLK run continuously and are available to user logic after configuration is
completed. The software default value of the MCCLK is nominally 2.5 MHz. Table 3.16 lists all the available MCCLK
frequencies. When a different Master Clock is selected during the design process, the following sequence takes place:

1. Device powers up with a nominal Master Clock frequency of 3.1 MHz.

2. During configuration, users select a different master clock frequency.

3. The Master Clock frequency changes to the selected frequency once the clock configuration bits are received.
4

If the user does not select a master clock frequency, then the configuration bitstream defaults to the MCCLK
frequency of 2.5 MHz.
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This internal CMOS oscillator is available to the user by routing it as an input clock to the clock tree. For further
information on the use of this oscillator for configuration or user mode, please see LatticeECP3 sysCONFIG Usage Guide
(FPGA-TN-02192).

Table 3.16. Selectable Master Clock (MCCLK) Frequencies During Configuration (Nominal)

MCCLK (MHz) MCCLK (MHz)
10

2.5t 13

43 152

5.4 20

6.9 26

8.1 333

9.2

Notes:

1. Software default MCCLK frequency. Hardware default is 3.1 MHz.
2. Maximum MCCLK with encryption enabled.
3. Maximum MCCLK without encryption.

3.19. Density Shifting

The LA-LatticeECP3 family is designed to ensure that different density devices in the same family and in the same
package have the same pinout. Furthermore, the architecture ensures a high success rate when performing design
migration from lower density devices to higher density devices. In many cases, it is also possible to shift a lower
utilization design targeted for a high-density device to a lower density device. However, the exact details of the final
resource utilization will impact the likelihood of success in each case. An example is that some user I/0O may become No
Connects in smaller devices in the same package. Refer to the LatticeECP3 Pin Migration Tables and Diamond software
for specific restrictions and limitations.

4. DC and Switching Characteristics

4.1. Absolute Maximum Ratings’ 3

Supply Voltage VCC -0.5Vto1.32V
Supply Voltage VCCAUX -0.5Vto3.75V
Supply Voltage VCCJ -0.5Vto3.75V
Output Supply Voltage VCCIO -0.5Vto3.75V
Input or I/O Tristate Voltage Applied4 -05tV03.75V
Storage Temperature (Ambient) —65 °Cto 150 °C
Junction Temperature (TJ) +125°C

1. Stress above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied.

2.  Compliance with the Lattice Thermal Management document is required.

3. Allvoltages referenced to GND.

Overshoot and undershoot of -2 V to (VIHMAX + 2) volts is permitted for a duration of <20 ns.
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4.2. Recommended Operating Conditions!
Symbol Parameter Min. Max. Units
Veez Core Supply Voltage 1.14 1.26 Vv
Vecaux24 Auxiliary Supply Voltage, Terminating Resistor Switching Power 3.135 3.465 \
Supply (SERDES)
Veerl PLL Supply Voltage 3.135 3.465 \
Vccioz3 I/O Driver Supply Voltage 1.14 3.465 \
Vg2 Supply Voltage for IEEE 1149.1 Test Access Port 1.14 3.465 \
Vrer1 @and Veers Input Reference Voltage 0.5 1.7 \Y
Vs Termination Voltage 0.5 1.3125 \
tauto Junction Temperature, Automotive Operation -40 125 °C
SERDES External Power Supply®
Vceis Input Buffer Power Supply (1.2 V) 1.14 1.26 Vv
Input Buffer Power Supply (1.5 V) 1.425 1.575 Vv
Vccos Output Buffer Power Supply (1.2 V) 1.14 1.26 Vv
Output Buffer Power Supply (1.5 V) 1.425 1.575 \Y
Veea Transmit, Receive, PLL and Reference Clock Buffer Power Supply 1.14 1.26 \Y
Notes:
1. For correct operation, all supplies except VREF and VTT must be held in their valid operation range. This is true independent of
feature usage.
2. If VCCIO or VCCJis set to 1.2 V, they must be connected to the same power supply as VCC. If VCCIO or VCCJ is set to 3.3 V, they
must be connected to the same power supply as VCCAUX.
3. Seerecommended voltages by I/0 standard in subsequent table.
4. VCCAUX ramp rate must not exceed 30 mV/us during power-up when transitioning between 0V and 3.3 V.
5. If not used, VTT should be left floating.
6. See TN1176, LatticeECP3 SERDES/PCS Usage Guide for information on board considerations for SERDES power supplies.
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4.3. Hot Socketing Specifications® >3

Symbol Parameter Condition Min. Typ. Max. Units
IDK_HS* Input or I/O Leakage Current | 0< V<V, (Max.) - - +/-1 mA
IDK® Input or I/O Leakage Current | 0<Vy<Vceo - - +/-1 mA
Veao < Vin< Veao+ 0.5V - 18 - mA
Notes:

1. VCC, VCCAUX and VCCIO should rise/fall monotonically.

IDK is additive to IPU, IPW or IBH.

LVCMOS and LVTTL only.

Applicable to general purpose 1/0 pins located on the top and bottom sides of the device.
Applicable to general purpose 1/0 pins located on the left and right sides of the device.

vk wnN

4.4. Hot Socketing Requirements? 2

Description Min. Typ. Max. Units
Input current per SERDES I/0 pin when device is powered down and inputs — — 8 mA
driven.

Notes:

1. Assumes the device is powered down, all supplies grounded, both P and N inputs driven by CML driver with maximum allowed
VCCOB (1.575 V), 8b10b data, internal AC coupling.

2. Each P and N input must have less than the specified maximum input current. For a 4-channel device, the total input current
would be 8 mA*4 channels *2 input pins per channel = 64 mA.

4.5. ESD Performance

Table 4.1. Electrostatic Discharge-Human Body Model*

Product AEC-Q100-002 Component Classification
LAE3-17EA H1C
LAE3-35EA H1C

Note:

1. HBM Classification for Automotive products per AEC_Q100-002D

Table 4.2. Electrostatic Discharge-Charged Device Model®

Product AEC-Q100-011 Component Classification
LAE3-17EA C3A
LAE3-35EA C3A

Note:

1. CDM Classification for Automotive products per AEC_Q100-011B

4.6. DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol | Parameter Condition Min. Typ. Max. Units
L ||H1l4 Input or I/O Low Leakage 0<V|N< (Veeio-0.2V) - - 10 HA
IIH1'3 Input or I/0 High Leakage (Vecio-0.2V) <Viy<3.6V - - 150 HA
Ipy 1/0 Active Pull-up Current 0<Vin<0.7Vecao -30 - -210 HA
lpp I/O Active Pull-down Current Vi (MAX) < VNS Vego 30 — 210 HA
IgHis | Bus Hold Low Sustaining Current | Viy = V) (MAX) 30 — — HA
Igyns | Bus Hold High Sustaining Current | Viy=0.7 Vccio =30 — — pA
lghio | Bus Hold Low Overdrive Current | 0< V| < V¢¢o - - 210 HA
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Symbol | Parameter Condition Min. Typ. Max. Units
lsyno | Bus Hold High Overdrive Current | 0 < VIN< Vccio - - -210 HA
Vgur | Bus Hold Trip Points 0 < VNS Vi (MAX) VL (MAX) — Vg (MIN) \Y

€1 | /0 capacitance? Veaio=3-3V,2.5V,1.8V,1.5V,1.2 V, Ve - 5 8 pf
=1.2V,Vig=0to V}y (MAX)
C2 | pedicated Input Capacitance Veaio=3-3V,2.5V,1.8V,1.5V,1.2 V, Ve - 5 7 pf
=1.2V,V|p=0to V|4 (MAX)
Notes:

1. Inputor /O leakage current is measured with the pin configured as an input or as an I/O with the output driver tristated. It is
not measured with the output driver active. Bus maintenance circuits are disabled.

2. Ta25°C,f=1.0 MHz.

3. Applicable to general purpose I/0 in top and bottom banks.

4. When used as VREF, maximum leakage= 25uA.

4.7. LA-LatticeECP3 Supply Current (Standby)¥ 23456

Over Recommended Operating Conditions

Symbol Parameter Device Typical —6 Typical —6L Units
Current Current
ICC Core Power Supply Current LAE3-17EA 49.4 29.8 mA
LAE3-35EA 89.4 53.7 mA
ICCAUX Auxiliary Power Supply Current LAE3-17EA 19.4 18.3 mA
LAE3-35EA 23.1 19.6 mA
ICCPLL PLL Power Supply Current (Per PLL) LAE3-17EA 0 0 mA
LAE3-35EA 0.1 0.1 mA
ICCIO Bank Power Supply Current (Per Bank) | LAE3-17EA 14 14 mA
LAE3-35EA 1.4 1.4 mA
ICCJ JTAG Power Supply Current All Devices 2.5 2.5 mA
ICCA Transmit, Receive, PLL and Reference LAE3-17EA 6.1 6.1 mA
Clock Buffer Power Supply LAE3-35EA 6.1 6.1 mA
Notes:

For further information on supply current, please see the list of technical documentation at the end of this data sheet.
Assumes all outputs are tristated, all inputs are configured as LVCMOS and held at the VCCIO or GND.

Frequency 0 MHz.

Pattern represents a “blank” configuration data file.

TJ = 85 °C, power supplies at nominal voltage.

To determine the LA-LatticeECP3 peak start-up current data, use the Power Calculator tool.

ok wNE

4.8. SERDES Power Supply Requirementsl, 2, 3

Over Recommended Operating Conditions

Symbol ‘ Description ‘ Typ. Max. Units
Standby (Power Down)

IccA-SB VccA current (per channel) 3 5 mA
IccIB-SB Input buffer current (per channel) — — mA
lccoB-SB Output buffer current (per channel) - - mA
Operating (Data Rate = 3.2 Gbps)

Icca-OP VccA current (per channel) 68 77 mA
IcciB-OP Input buffer current (per channel) 5 7 mA
lccoB-0OP Output buffer current (per channel) 19 25 mA
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Symbol ‘ Description Typ. Max. Units
Operating (Data Rate = 2.5 Gbps)
lcca-oP Vcca current (per channel) 66 76 mA
IcciB-op Input buffer current (per channel) 4 5 mA
lccoB-0P Output buffer current (per channel) 15 18 mA
Operating (Data Rate = 1.25 Gbps)
Icca-opP VccA current (per channel) 62 72 mA
IcciB-op Input buffer current (per channel) 4 5 mA
IccoB-opP Output buffer current (per channel) 15 18 mA
Operating (Data Rate = 250 Mbps)
Icca-oP VccA current (per channel) 55 65 mA
IcciB-oP Input buffer current (per channel) 4 5 mA
IccoB-0OP Output buffer current (per channel) 14 17 mA
Operating (Data Rate = 150 Mbps)
lcca-oP Vcca current (per channel) 55 65 mA
IcciB-opP Input buffer current (per channel) 4 5 mA
lccoB-opP Output buffer current (per channel) 14 17 mA
Notes:

1. Equalization enabled, pre-emphasis disabled.

2. One quarter of the total quad power (includes contribution from common circuits, all channels in the quad operating, pre-

empbhasis disabled, equalization enabled).
3.  Pre-emphasis adds 20 mA to ICCA-OP data.

4.9. sysl/O Recommended Operating Conditions

Standard Veeo VRee (V)

Min. Typ. Max. Min. Typ. Max.
LVCMOS33? 3.135 33 3.465 — — —
LVCMOS33D 3.135 33 3.465 — — —
LVCMOS25? 2.375 2.5 2.625 - - -
LVCMOS18 1.71 1.8 1.89 — — —
LVCMOS15 1.425 1.5 1.575 — — —
LVCMOS12? 1.14 1.2 1.26 — — —
LVTTL33? 3.135 33 3.465 — — —
PCI33 3.135 33 3.465 — — —
SSTL15® 1.43 1.5 1.57 0.68 0.75 0.9
SSTL18_I, II? 1.71 1.8 1.89 0.833 0.9 0.969
SSTL25_J, 112 2.375 2.5 2.625 1.15 1.25 1.35
SSTL33_J, II? 3.135 33 3.465 1.3 1.5 1.7
HSTL15_I? 1.425 1.5 1.575 0.68 0.75 0.9
HSTL18 |, II? 1.71 1.8 1.89 0.816 0.9 1.08
LVDS252 2.375 2.5 2.625 — — —
LVDS25E 2.375 2.5 2.625 — — —
MLVDS* 2.375 2.5 2.625 — — —
LVPECL33"2 3.135 33 3.465 — — —
Mini LVDS 2.375 2.5 2.625 — — —
BLVDS25%2 2.375 25 2.625 — — —
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Standard Veao VRer (V)
Min. Typ. Max. Min. Typ. Max.
RSDS? 2.375 25 2.625 — — —
RSDSE™?2 2.375 25 2.625 — — —
TRLVDS 3.14 33 3.47 — — —
PPLVDS 3.14/2.25 3.3/25 3.47/2.75 — — —
SSTL15D? 1.43 1.5 1.57 — — —
SSTL18D_I*3, 11>3 1.71 1.8 1.89 — — —
SSTL25D_ 1%, 112 2.375 25 2.625 — — —
SSTL33D_ I3, I1? 3.135 33 3.465 — — —
HSTL15D_I2 1.425 1.5 1.575 — — —
HSTL18D_ I3, 112 1.71 1.8 1.89 — — —
Notes:

1. Inputs on chip. Outputs are implemented with the addition of external resistors.
2. Forinput voltage compatibility, see LatticeECP3 syslO Usage Guide (FPGA-TN-02194).
3. VREFisrequired when using Differential SSTL to interface to DDR memory.

4.10. sysl/O Single-Ended DC Electrical Characteristics?

Input/Output | V, Vi VoLMax. | Vo Min. lo.' (MA) lon' (MA)
Standard Min. (V) | Max. (V) Min. (V) Max. (v) | (V) (v)
LVCMOS33 -0.3 0.8 2.0 3.6 0.4 Veao-0.4 | 20,16, -20,-16,
12,8,4 -12,-8,—4
0.2 Veao-0.2 | 01 -0.1
LVCMOS25 -0.3 0.7 1.7 3.6 0.4 Vccio-0.4 20, 16, —20,-16,
12,8,4 —12,-8,—4
0.2 Veao-02 | 0.1 -0.1
LVCMOS18 -0.3 0.35Veao | 0.65Veao | 3.6 0.4 Veao-04 | 16,12, —16, —12,
8,4 -8, —4
0.2 Veao-0.2 | 01 -0.1
LVCMOS15 03 0.35Veco | 0.65Vcao | 3.6 0.4 Veao-04 | 8,4 -8, —4
0.2 Veao-0.2 | 0.1 -0.1
LVCMOS12 03 0.35 V¢ 0.65 V¢ 3.6 0.4 Veco-04 | 6,2 -6, -2
0.2 Veao-02 | 0.1 01
LVTTL33 -0.3 0.8 2.0 3.6 0.4 Veao-0.4 | 20,16, -20,-16,
12,8,4 —12,-8,—4
0.2 Veao-0.2 | 0.1 -0.1
PCI33 03 0.3 Veao 0.5 Veaio 3.6 0.1Veao | 0.9 Veao 1.5 05
SSTL18_| 03 VRer-0.125 | Vger+ 3.6 0.4 Veco-04 | 6.7 -6.7
0.125
SSTL18_|I 0.3 VRer-0.125 | Vger+ 3.6 0.28 Vccio-0.28 | 8 -8
(DDR2 0.125 11 Y]
Memory)
SSTL2_| 03 Vrer-0.18 | Vpegr+0.18 | 3.6 0.54 Vecio-0.62 | 7.6 -76
12 -12
SSTL2_II -0.3 Vper-0.18 | Vpgr+0.18 | 3.6 0.35 Vego-043 | 15.2 ~15.2
(DDR Memory) 20 -20
SSTL3_| -0.3 Vger - 0.2 Vegr+02 | 36 0.7 Vego-1.1 | 8 -8
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Input/Output | Vy Vi VoLMax. | Vo Min. lo.' (MA) lon* (MA)

Standard Min.(v) [Max.(v) [ Min(v) [Max(v) |V v

SSTL3_II 03 Veer-02 | Vagr 402 | 3.6 0.5 Veao-0.9 | 16 _16

SSTL1S 03 Veer-01 | Vaer+0.1 | 3.6 0.3 Veao-03 | 7.5 75

(DDR3 Veao*08 | 9 -9

Memory)

HSTL15 | 03 Vegr-0.1 | Vagr#0.1 | 3.6 0.4 Veco-04 | 4 4
8 -8

HSTL18 | 03 Vegr-0.1 | Vagr#0.1 | 3.6 0.4 Veao-04 | 8 -8
12 -12

HSTL18 Il 03 Vegr-0.1 | Vagr#0.1 | 3.6 0.4 Veao-04 | 16 _16

Note:

1. For electromigration, the average DC current drawn by I/O between GND connections, or between the last GND in an I/O bank
and the end of an I/O bank, as shown in the logic signal connections table shall not exceed n * 8 mA, where n is the number of
1/0 between bank GND connections or between the last VCCIO and GND in a bank and the end of a bank.

2. For|/Os with mixed voltage support, Vo follows respective sysl/O bank Vccio supply voltage, and Vi / Vis follows the 1/0

signaling standard.

4.11. sysl/O Differential Electrical Characteristics

4.11.1.LVDS25
Over Recommended Operating Conditions
Parameter | Description Test Conditions Min Typ. Max. Units
Vined, Vinm! | Input Voltage — 0 — 2.4 Vv
Vem! Input Common Mode Voltage Half the Sum of the Two Inputs 0.05 — 2.35 Vv
V1HD Differential Input Threshold Difference Between the Two Inputs +/— — — mV
100
N Input Current Power On or Power Off - — +/-10 | WA
VoH Output High Voltage for Vgp or Vom Ry=100Q — 1.38 1.60 Vv
Vou Output Low Voltage for Vop or Voum Rr=100Q 09V 1.03 —
Vop Output Voltage Differential (Vop- Vom), Ry=100Q 250 350 450 mV
AVop Change in Vop Between High and - - — 50 mV
Low
Vos Output Voltage Offset (Vop + Vom)/2, Rr=100 Q 1.125 | 1.20 1375 |V
AVos Change in Vpos Between H and L — — — 50 mV
lsag Output Short Circuit Current Vop =0V Driver Outputs Shorted to — — 12 mA
Each Other
Note:

1. Onthe left and right sides of the device, this specification is valid only for VCCIO =2.5V or 3.3V

4.11.2. Differential HSTL and SSTL

Differential HSTL and SSTL outputs are implemented as a pair of complementary single-ended outputs. All allowable
single-ended output classes (class | and class Il) are supported in this mode.

4.11.3. LVDS25E
The top and bottom sides of LA-LatticeECP3 devices support LVDS outputs via emulated complementary LVCMOS

outputs in conjunction with a parallel resistor across the driver outputs. The scheme shown in Figure 4.1 is one possible
solution for point-to-point signals.
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| |
VCCI0=25 V (£5%) | |
| RS=15 8 Q |
| (£1%) |
8 mA $ V\A ® °
| |
. | RP=140 0O RT=100 Q I
VCCI0=25 V (#5%) | (*1%) (+1%) I
I RS=15 8 Q I
| (£1%) |
8 mA 1 VAYA
| |
| Transmission line, Zo = 100 Q differential |
«___ ON<chip | ofe-chip - «_ Offchip [ON-<chip
Figure 4.1. LVDS25E Output Termination Example
Table 4.3. LVDS25E DC Conditions
Parameter Description Typical Units
Vccio Output Driver Supply (+/-5%) 2.50 Vv
ZoUT Driver Impedance 20 Q
Rg Driver Series Resistor (+/-1%) 158 Q
Rp Driver Parallel Resistor (+/-1%) 140 Q
RT Receiver Termination (+/—1%) 100 Q
VoH Output High Voltage 1.43 Vv
VoL Output Low Voltage 1.07 Vv
Vob Output Differential Voltage 0.35 \
Vem Output Common Mode Voltage 1.25 \Y
ZBACK Back Impedance 100.5 Q
Ibc DC Output Current 6.03 mA
4.11.4.LVCMOS33D

All 1/0 banks support emulated differential /O using the LVCMOS33D 1/0 type. This option, along with the external
resistor network, provides the system designer the flexibility to place differential outputs on an I/O bank with 3.3V
Vccio. The default drive current for LVCMOS33D output is 12 mA with the option to change the device strength to 4 mA,
8 mA, 16 mA or 20 mA. Follow the LVCMOS33 specifications for the DC characteristics of the LVCMOS33D.

4.11.5. BLVDS25

The LA-LatticeECP3 devices support the BLVDS standard. This standard is emulated using complementary LVCMOS
outputs in conjunction with a parallel external resistor across the driver outputs. BLVDS is intended for use when multi-
drop and bi-directional multi-point differential signaling is required. The scheme shown in Figure 4.2 is one possible
solution for bi-directional multi-point differential signals.
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Heavily loaded backplane, effective Zo ~ 45 to 90 Q differential

|
s 900 |
16mi>—e—{1—/\/—y A< m
|
45-90 Q 45-90 Q I
R R |

16 mA 16 mA
Figure 4.2. BLVDS25 Multi-point Output Example
Table 4.4. BLVDS25 DC Conditions®
Over Recommended Operating Conditions
Parameter Description Typical Units
Z20=45Q Z0=90 Q

Vceio Output Driver Supply (+/— 5%) 2.50 2.50 \Y
ZouT Driver Impedance 10.00 10.00 Q
Rs Driver Series Resistor (+/— 1%) 90.00 90.00 Q
RTL Driver Parallel Resistor (+/—1%) 45.00 90.00 Q
RTR Receiver Termination (+/—1%) 45.00 90.00 Q
VoH Output High Voltage 1.38 1.48 Vv
VoL Output Low Voltage 1.12 1.02 Vv
Vob Output Differential Voltage 0.25 0.46 \
Vem Output Common Mode Voltage 1.25 1.25 Vv
Ibc DC Output Current 11.24 10.20 mA

Note:
1. Forinput buffer, see LVDS table.

4.11.6. LVPECL33

The LA-LatticeECP3 devices support the differential LVPECL standard. This standard is emulated using complementary
LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The LVPECL input standard is
supported by the LVDS differential input buffer. The scheme shown in Figure 4.3 is one possible solution for point-to-
point signals.
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—

Vecio =33V
(+/-5%) I
| Rs=9310
IJ‘l (+/-1%)
| 16 mA N VAVA o
|
|
VCC|O =33V I
_59 |
|#/75%) 1 Rg =931 a
L (+/-1%)
| 16 mA LI e
|
|
On-chip | Off-chip
|
I

Figure 4.3. Differential LVPECL33

Table 4.5. LVPECL33 DC Conditions?

Over Recommended Operating Conditions

Transmission line,
Zo =100 Q differential

 — >

|
|
Off-chip | On-chip
|
I

Parameter Description Typical Units
Vceio Output Driver Supply (+/-5%) 3.30 Vv
Z0UT Driver Impedance 10 Q
Rg Driver Series Resistor (+/—1%) 93 Q
Rp Driver Parallel Resistor (+/-1%) 196 Q
RT Receiver Termination (+/-1%) 100 Q
VoH Output High Voltage 2.05 Vv
VoL Output Low Voltage 1.25 Vv
Vob Output Differential Voltage 0.80 \Y
Vem Output Common Mode Voltage 1.65 Y
ZACK Back Impedance 100.5 Q
IDC DC Output Current 12.11 mA
Notes:

1. Forinput buffer, see LVDS table.

4.11.7. RSDS25E

The LA-LatticeECP3 devices support differential RSDS and RSDSE standards. This standard is emulated using
complementary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The RSDS input
standard is supported by the LVDS differential input buffer. The scheme shown in Figure 4.4 is one possible solution for
RSDS standard implementation. Resistor values in Figure 4.4 are industry standard values for 1% resistors.
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VCCIo =25V | |
-5%
(+/=5%) : Rs =294 Q :
I (+/-1%) I
| 8 mA T—A\A * *
I I
I I
veelo =25V | Rp =121 Q Rt =100 Q |
5% | 1% 1% |
I (+/-1%) (+/-1%) |
| (+/-1%) |
| 8 mA  —/W o 1
| Transmission line, |
| Z0o=100 Q differential |
On-chip | Off-chip Off-chip | On-chip
< I > < I >
I I
Figure 4.4. RSDS25E (Reduced Swing Differential Signaling)
Table 4.6. RSDS25E DC Conditions®
Over Recommended Operating Conditions
Parameter Description Typical Units
Vccio Output Driver Supply (+/-5%) 2.50 Vv
ZouT Driver Impedance 20 Q
Rg Driver Series Resistor (+/—1%) 294 Q
Rp Driver Parallel Resistor (+/-1%) 121 Q
RT Receiver Termination (+/—1%) 100 Q
VoH Output High Voltage 1.35 Vv
VoL Output Low Voltage 1.15 \Y
Vob Output Differential Voltage 0.20 Vv
Vem Output Common Mode Voltage 1.25 Vv
ZBACK Back Impedance 101.5 Q
Ibc DC Output Current 3.66 mA
Note:

1. Forinput buffer, see LVDS table.

4.11.8. MLVDS25

The LA-LatticeECP3 devices support the differential MLVDS standard. This standard is emulated using complementary
LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The MLVDS input standard is
supported by the LVDS differential input buffer. The scheme shown in Figure 4.5 is one possible solution for MLVDS
standard implementation. Resistor values in Figure 4.5 are industry standard values for 1% resistors.
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2.5V
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16 mA
OE
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Heavily loaded backplace, effective Zo~50 to 70 Q differential

Rs =35 Q
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16 mA
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50to70 Q+/-1%

= LATTICE

r
L

RTR

16 mA

o
BN

OE

<

Rs-““j Rs=350Q Rs =35 Q

g
o

1

L]

25V OE 25V O \* '
16 mA 16 mA

o]

S

2.5V OF 25V oe \* '
16mA 16mA

Figure 4.5. MLVDS25 (Multipoint Low Voltage Differential Signaling)

Table 4.7. MLVDS25 DC Conditions?

16 mA
}]\

Parameter Description Typical Units
Z0=50 Q Z20=70 Q

Vceio Output Driver Supply (+/-5%) 2.50 2.50 Vv
ZouT Driver Impedance 10.00 10.00 Q
Rg Driver Series Resistor (+/—1%) 35.00 35.00 Q
RTL Driver Parallel Resistor (+/-1%) 50.00 70.00 Q
RTR Receiver Termination (+/-1%) 50.00 70.00 Q
VOH Output High Voltage 1.52 1.60 \Y
VoL Output Low Voltage 0.98 0.90 \Y
Vob Output Differential Voltage 0.54 0.70 \Y
Vem Output Common Mode Voltage 1.25 1.25 \Y
IDC DC Output Current 21.74 20.00 mA

Note:

1. Forinput buffer, see LVDS table.

4.12. Typical Building Block Function Performance

4.12.1. Pin-to-Pin Performance (LVCMOS25 12 mA Drive)?
Function | —6 / —6L Timing | Units
Basic Functions
16-bit Decoder 4.9 ns
32-bit Decoder 5.3 ns
64-bit Decoder 7.0 ns
4:1 MUX 4.9 ns
8:1 MUX 5.2 ns
16:1 MUX 5.7 ns
32:1 MUX 5.8 ns

Note:
1. Automotive timing numbers are shown.
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4.13. Register-to-Register Performance!
Function | —6 / —6L Timing | Units
Basic Functions
16-bit Decoder 368 MHz
32-bit Decoder 368 MHz
64-bit Decoder 247 MHz
4:1 MUX 368 MHz
8:1 MUX 368 MHz
16:1 MUX 368 MHz
32:1 MUX 358 MHz
8-bit Adder 368 MHz
16-bit Adder 368 MHz
64-bit Adder 252 MHz
16-bit Counter 368 MHz
32-bit Counter 368 MHz
64-bit Counter 262 MHz
64-bit Accumulator 251 MHz
Embedded Memory Functions
512x36 Single Port RAM, EBR Output Registers 272 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, EBR Output Registers) 272 MHz
1024x18 True-Dual Port RAM (Read-Before-Write, EBR Output Registers 103 MHz
1024x18 True-Dual Port RAM (Write Through or Normal, PLC Output Registers) 222 MHz
Distributed Memory Functions
16 x 4 Pseudo-Dual Port RAM (One PFU) 368 MHz
32 x 4 Pseudo-Dual Port RAM 368 MHz
64 x 8 Pseudo-Dual Port RAM 324 MHz
DSP Function
18 x 18 Multiplier (All Registers) 331 MHz
9 x 9 Multiplier (All Registers) 331 MHz
36 x 36 Multiply (All Registers) 212 MHz
18 x 18 Multiply/Accumulate (Input & Output Registers) 176 MHz
18 x 18 Multiply-Add/Sub (All Registers) 331 MHz

Note:

1. Automotive timing numbers are shown.

4.14. Derating Timing Tables

Logic timing provided in the following sections of this data sheet and the Diamond design tool are worst case numbers
in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much better
than the values given in the tables. The Diamond design tool can provide logic timing numbers at a particular
temperature and voltage.
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4.15. LA-LatticeECP3 External Switching Characteristics® 2

Over Recommended Operating Ranges
Parameter Description Device -6 /-6L Units
Min. Max.

Clocks

Primary Clock ©

fMAX_PRI Frequency for Primary Clock Tree LAE3-35EA — 375 MHz

tw_PRI Pulse Width for Primary Clock LAE3-35EA 1 — ns

tSKEW_PRI Primary Clock Skew Within a Device LAE3-35EA — 360 ps

tSKEW_PRIB Primary Clock Skew Within a Bank LAE3-35EA — 300 ps

fMAX_PRI Frequency for Primary Clock Tree LAE3-17EA — 375 MHz

tw_PRI Pulse Width for Primary Clock LAE3-17EA 1 — ns

tSKEW_PRI Primary Clock Skew Within a Device LAE3-17EA - 370 ps

tSKEW_PRIB Primary Clock Skew Within a Bank LAE3-17EA — 240 ps

Edge Clock ©

fMAX_EDGE Frequency for Edge Clock LAE3-35EA - 375 MHz

tw_EDGE Clock Pulse Width for Edge Clock LAE3-35EA 1.2 — ns

tSKEW_EDGE_DQS | Edge Clock Skew Within an Edge of the LAE3-35EA — 220 ps
Device

fMAX_EDGE Frequency for Edge Clock LAE3-17EA — 375 MHz

tw_EDGE Clock Pulse Width for Edge Clock LAE3-17EA 1.2 — ns

tSKEW_EDGE_DQS | Edge Clock Skew Within an Edge of the LAE3-17EA — 220 ps
Device

Generic SDR

General I/0 Pin Parameters (using dedicated clock input Primary Clock without PLL) 2

tco Clock to Output - PIO Output Register LAE3-35EA - 4.54 ns

tsu Clock to Data Setup - PIO Input Register LAE3-35EA 0.00 — ns

tH Clock to Data Hold - PIO Input Register LAE3-35EA 1.62 - ns

tSU_DEL Clock to Data Setup - PIO Input Register LAE3-35EA 1.48 — ns
with Data Input Delay

ty DEL Clock to Data Hold - PIO Input Register LAE3-35EA 0.00 — ns
with Input Data Delay

fmax_10 Clock Frequency of /0 and PFU Register LAE3-35EA - 375 MHz

tco Clock to Output - PIO Output Register LAE3-17EA - 4.34 ns

tsy Clock to Data Setup - PIO Input Register LAE3-17EA 0.00 — ns

tH Clock to Data Hold - PIO Input Register LAE3-17EA 1.62 — ns

tsu_DEL Clock to Data Setup - PIO Input Register LAE3-17EA 1.48 — ns
with Data Input Delay

tH_DEL Clock to Data Hold - PIO Input Register LAE3-17EA 0.00 — ns
with Input Data Delay

fmMAX_10 Clock Frequency of 1/0 and PFU Register LAE3-17EA — 375 MHz

General I/0 Pin Parameters (using dedicated clock input Primary Clock with PLL with clock injection removal setting) 2

tcopLL Clock to Output - PIO Output Register LAE3-35EA — 2.72 ns

tsupLL Clock to Data Setup - PIO Input Register LAE3-35EA 0.81 — ns

tHPLL Clock to Data Hold - PIO Input Register LAE3-35EA 0.37 — ns

tSU_DELPLL Clock to Data Setup - PIO Input Register LAE3-35EA 1.82 — ns
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Parameter Description Device -6 /6L Units
Min Max
with Data Input Delay
tH_DELPLL Clock to Data Hold - PIO Input Register LAE3-35EA 0.00 — ns
with Input Data Delay
tCOPLL Clock to Output - PIO Output Register LAE3-17EA - 2.49 ns
tSUPLL Clock to Data Setup - P1O Input Register LAE3-17EA 0.81 — ns
tHPLL Clock to Data Hold - PIO Input Register LAE3-17EA 0.37 — ns
tSU_DELPLL Clock to Data Setup - PIO Input Register LAE3-17EA 1.82 — ns
with Data Input Delay
tH_DELPLL Clock to Data Hold - PIO Input Register LAE3-17EA 0.00 — ns

with Input Data Delay

Generic DDR*?

Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX1_RX.SCLK.Centered) Using PCLK Pin for Clock

Input

tSUGDDR Data Setup Before CLK All Devices 480 — ps
tHOGDDR Data Hold After CLK All Devices 480 — ps
fMAX_GDDR DDRX1 Clock Frequency All Devices — 250 MHz

Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX1_RX.SCLK.PLL.Aligned) Using PLLCLKIN Pin

for Clock Input

Data Left, Right, and Top Sides and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All Devices — 0.225 ul
tDVECLKGDDR Data Hold After CLK All Devices 0.775 - ul
fMAX_GDDR DDRX1 Clock Frequency All Devices — 250 MHz
Generic DDRX1 Inputs with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX1_RX.SCLK.Aligned) Using DLL - CLKIN Pin for
Clock Input

Data Left, Right and Top Sides and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All Devices - 0.225 ul
tDVECLKGDDR Data Hold After CLK All Devices 0.775 — ul
fMAX_GDDR DDRX1 Clock Frequency All Devices — 250 MHz
GenericDDRX1 Inputs with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX1_RX.DQS.Centered) Using DQS Pin for
Clock Input

tSUGDDR Data Setup After CLK All Devices 535 — ps
tHOGDDR Data Hold After CLK All Devices 535 — ps
fMAX_GDDR DDRX1 Clock Frequency All Devices - 250 MHz
GenericDDRX1 Inputs with Clock and Data (<10bits wide) Aligned at Pin (GDDRX1_RX.DQS.Aligned) Using DQS Pin for Clock
Input

Data and Clock Left and Right Sides

tDVACLKGDDR Data Setup Before CLK All Devices — 0.225 ul
tDVECLKGDDR Data Hold After CLK All Devices 0.775 — ul
fMAX_GDDR DDRX1 Clock Frequency All Devices — 250 MHz
GenericDDRX2 Inputs with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX2_RX.ECLK.Centered) Using PCLK Pin for Clock
Input

Left and Right Sides

tSUGDDR Data Setup Before CLK LAE3-35EA 535 — ps
tHOGDDR Data Hold After CLK LAE3-35EA 535 - ps
fMAX_GDDR DDRX2 Clock Frequency LAE3-35EA — 250 MHz
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Parameter Description Device -6 /6L Units
Min Max.
tSUGDDR Data Setup Before CLK LAE3-17EA 535 — ps
tHOGDDR Data Hold After CLK LAE3-17EA 535 — ps
fMAX_GDDR DDRX2 Clock Frequency LAE3-17EA - 250 MHz
GenericDDRX2 Inputs with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX2_RX.ECLK.Aligned)
Left and Right Side Using DLLCLKIN Pin for Clock Input
tDVACLKGDDR Data Setup Before CLK LAE3-35EA — 0.21 ul
tDVECLKGDDR Data Hold After CLK LAE3-35EA 0.79 — ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-35EA — 311 MHz
tDVACLKGDDR Data Setup Before CLK LAE3-17EA — 0.21 Ul
tDVECLKGDDR Data Hold After CLK LAE3-17EA 0.79 — ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-17EA — 311 MHz
Top Side Using PCLK Pin for Clock Input
tDVACLKGDDR Data Setup Before CLK LAE3-35EA - 0.21 ul
tDVECLKGDDR Data Hold After CLK LAE3-35EA 0.79 — ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-35EA — 130 MHz
tDVACLKGDDR Data Setup Before CLK LAE3-17EA - 0.21 ul
tDVECLKGDDR Data Hold After CLK LAE3-17EA 0.79 — ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-17EA — 130 MHz

GenericDDRX2 Inputs with Clock and Data (>10bits wide) are Alig

ned at Pin (GDDRX2_RX.ECLK.Aligned) (No CLKDIV)

Left and Right Sides Using DLLCLKPIN for Clock Input

tDVACLKGDDR Data Setup Before CLK LAE3-35EA — 0.21 ul
tDVECLKGDDR Data Hold After CLK LAE3-35EA 0.79 - ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-35EA — 311 MHz
tDVACLKGDDR Data Setup Before CLK (Left and Right LAE3-17EA — 0.21 ul
Sides)
tDVECLKGDDR Data Hold After CLK LAE3-17EA 0.79 — ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-17EA — 311 MHz
Top Side Using PCLK Pin for Clock Input
tDVACLKGDDR Data Setup Before CLK LAE3-35EA - 0.21 Ul
tDVECLKGDDR Data Hold After CLK LAE3-35EA 0.79 - ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-35EA — 130 MHz
tDVACLKGDDR Data Setup Before CLK LAE3-17EA — 0.21 ul
tDVECLKGDDR Data Hold After CLK LAE3-17EA 0.79 - ul
fMAX_GDDR DDRX2 Clock Frequency LAE3-17EA — 130 MHz
GenericDDRX2 Inputs with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX2_RX.DQS.Centered) Using DQS Pin for
Clock Input
Left and Right Sides
tSUGDDR Data Setup Before CLK All Devices 352 — ps
tHOGDDR Data Hold After CLK All Devices 352 — ps
fMAX_GDDR DDRX2 Clock Frequency All Devices - 375 MHz

GenericDDRX2 Inputs with Clock and Data (<10 Bits Wide) Aligned at Pin (GDDRX2_RX.DQS.Aligned) Using DQS Pin for Clock

Input

Left and Right Sides
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Parameter Description Device -6 /—6L Units
Min Max.
tDVACLKGDDR Data Setup Before CLK All Devices - 0.225 Ul
tDVECLKGDDR Data Hold After CLK All Devices 0.775 - — Ul
fMAX_GDDR DDRX2 Clock Frequency All Devices — 375 MHz
GenericDDRX1 Output with Clock and Data (>10 Bits Wide) Centered at Pin (GDDRX1_TX.SCLK.Centered)10
tDVBGDDR Data Valid Before CLK LAE3-35EA 690 — ps
tDVAGDDR Data Valid After CLK LAE3-35EA 690 - ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-35EA — 250 MHz
tDVBGDDR Data Valid Before CLK LAE3-17EA 690 — ps
tDVAGDDR Data Valid After CLK LAE3-17EA 690 - ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-17EA — 250 MHz
GenericDDRX1 Output with Clock and Data Aligned at Pin (GDDRX1_TX.SCLK.Aligned)*
tDIBGDDR Data Invalid Before Clock Data Invalid LAE3-35EA — 321 ps
tDIAGDDR After Clock LAE3-35EA | — 321 ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-35EA — 250 MHz
tDIBGDDR Data Invalid Before Clock LAE3-17EA — 321 ps
tDIAGDDR Data Invalid After Clock LAE3-17EA — 321 ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-17EA — 250 MHz
GenericDDRX1 Output with Clock and Data (<10 Bits Wide) Centered at Pin (GDDRX1_TX.DQS.Centered)10
Left and Right Sides
tDVBGDDR Data Valid Before CLK LAE3-35EA 676 — ps
tDVAGDDR Data Valid After CLK LAE3-35EA 676 — ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-35EA - 250 MHz
tDVBGDDR Data Valid Before CLK LAE3-17EA 670 — ps
tDVAGDDR Data Valid After CLK LAE3-17EA 670 — ps
fMAX_GDDR DDRX1 Clock Frequency LAE3-17EA — 250 MHz
GenericDDRX2 Output with Clock and Data (>10 Bits Wide) Aligned at Pin (GDDRX2_TX.Aligned)
Left and Right Sides
tDIBGDDR Data Invalid Before Clock All Devices - 220 ps
tDIAGDDR Data Invalid After Clock All Devices — 220 ps
fMAX_GDDR DDRX2 Clock Frequency All Devices — 375 MHz
GenericDDRX2 Output with Clock and Data (>10 Bits Wide) Centered at Pin Using DQSDLL (GDDRX2_TX.DQS- DLL.Centered)*
Left and Right Sides
tDVBGDDR Data Valid Before CLK All Devices 431 — ps
tDVAGDDR Data Valid After CLK All Devices 432 — ps
fMAX_GDDR DDRX2 Clock Frequency All Devices - 375 MHz
GenericDDRX2 Output with Clock and Data (>10 Bits Wide) Centered at Pin Using PLL (GDDRX2_TX.PLL.Centered)10
Left and Right Sides
tDVBGDDR Data Valid Before CLK All Devices 431 — ps
tDVAGDDR Data Valid After CLK All Devices 432 - ps
fMAX_GDDR DDRX2 Clock Frequency All Devices - 375 MHz

Memory Interface

DDR/DDR2 1/0 Pin Parameters (Input Data are Strobe Edge Aligned, Output Strobe Edge is Data Centered)*
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Parameter Description Device -6 /6L Units
Min. Max.
tbvaDQ Data Valid After DQS (DDR Read) All Devices - 0.225 ul
tDVEDQ Data Hold After DQS (DDR Read) All Devices 0.64 — ul
tbQves Data Valid Before DQS All Devices 0.25 — ul
tbqvas Data Valid After DQS All Devices 0.25 — Ul
fMAX_GDDR DDR Clock Frequency All Devices 95 166 MHz
fMAX_GDDR2 DDR2 Clock Frequency All Devices 125 166 MHz
DDR3 (Using PLL for SCLK) I/O Pin Parameters
tpvaDQ Data Valid After DQS (DDR Read) All Devices — 0.225 ul
tDVEDQ Data Hold After DQS (DDR Read) All Devices 0.64 — ul
tbqves Data Valid Before DQS All Devices 0.25 — ul
tbQvAs Data Valid After DQS All Devices 0.25 — ul
fMAX_DDR3 DDR3 Clock Frequency All Devices 266 300 MHz
DDR3 Clock Timing
tcH Average High Pulse Width All Devices 0.47 0.53 ul
tcL Average Low Pulse Width All Devices 0.47 0.53 ul
tT Output Clock Period Jitter During DLL All Devices -90 90 ps
Locking Period
tT Output Cycle-to-Cycle Period Jitter All Devices - 180 ps
During DLL Locking Period

Notes:

1. Automotive timing numbers are shown.

2. General I/O timing numbers based on LVCMOS 2.5, 12 mA, Fast Slew Rate, Opf load.

3. Generic DDR timing numbers based on LVDS 1/0.

4. DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18.

5. DDR3 timing numbers based on SSTL15.

6. Uses LVDS I/O standard.

7.  Maximum clock frequencies are tested under best case conditions. System performance may vary upon the user environment.

8. Using settings generated by IPexpress.

9. These numbers are generated using best case PLL located in the center of the device.

=
= o

Uses SSTL25 Class Il Differential /O Standard.
All numbers are generated with Diamond 2.x software.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

== LATTICE

LA-LatticeECP3 Automotive Family Data Sheet
Data Sheet

tDIBGDDR

Transmit Parameters

tDIAGDDR

‘_

CLK

5 el

Data (TDAT, TCTL)

WWW

_'I:‘_

tDIAGDDR

_h

tDIBGDDR

Receive Parameters

TR SERK

] ]
| |
RDTCLK i
| |
[ | | |
I |
pata (RoAT, ReT)  SOKK W
T T
| | | | |
. —) |—h \ I |
DVACKGDDR || Lo | (DVACKGDOR |
1 | I| 'I
l I |
! tovecikepor ! t pwecLkeDDR
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Figure 4.8. Generic DDRX1/DDRX2 (With Clock Center on Data Window)

4.16. LA-LatticeECP3 Internal Switching Characteristics?!

Over Recommended Operating Conditions

Parameter Description -6 /—6L Units
Min. | Max.
PFU/PFF Logic Mode Timing
tLuT4_PFU LUT4 delay (A to D inputs to F output) — 0.181 ns
tLUT6_PFU LUT6 delay (A to D inputs to OFX output) — 0.383 ns
tLSR_PFU Set/Reset to output of PFU (Asynchronus) — 0.764 ns
tSUM_PFU Clock to Mux (M0,M1) Input Setup Time 0.155 - ns
tHM_PFU Clock to Mux (M0,M1) Input Hold Time -0.110 | — ns
tsuD_PFU Clock to D input setup time 0.076 — ns
tHD_PFU Clock to D input hold time 0.015 - ns
tck2Q_PFU Clock to Q delay, (D-type Register Configuration) — 0.306 ns
PFU Dual Port Memory Mode Timing
tCORAM_PFU Clock to Output (F Port) — 0.906 ns
tSUDATA_PFU Data Setup Time -0.176 | — ns
tHDATA_PFU Data Hold Time 0.248 — ns
tSUADDR_PFU Address Setup Time -0.289 | — ns
tHADDR_PFU Address Hold Time 0.313 — ns
tSUWREN_PFU Write/Read Enable Setup Time -0.064 | — ns
tHWREN_PFU Write/Read Enable Hold Time 0.072 | — ns
PIC Timing

PIO Input/Output Buffer Timing
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Parameter Description -6 /-6L Units
Min. Max.
tiN_PIO Input Buffer Delay (LVCMOS25) — 0.53 ns
touT_PIO Output Buffer Delay (LVCMOS25) — 1.42 ns
IOLOGIC Input/Output Timing
tsul_PIO Input Register Setup Time (Data Before Clock) 1.306 — ns
tHI_PIO Input Register Hold Time (Data after Clock) 1.306 — ns
tcoo_pio Output Register Clock to Output Delay — 1.31 ns
tSUCE_PIO Input Register Clock Enable Setup Time 0.152 - ns
tHCE_PIO Input Register Clock Enable Hold Time -0.059 | — ns
tSULSR_PIO Set/Reset Setup Time 0.089 - ns
tHLSR_PIO Set/Reset Hold Time -0.082 | — ns
EBR Timing
tco EBR Clock (Read) to output from Address or Data — 3.10 ns
tcoo_EBR Clock (Write) to output from EBR output Register — 0.34 ns
tSUDATA_EBR Setup Data to EBR Memory -0.246 | — ns
tHDATA_EBR Hold Data to EBR Memory 0.275 - ns
tSUADDR_EBR Setup Address to EBR Memroy -0.071 | — ns
tHADDR_EBR Hold Address to EBR Memory 0.080 — ns
tSUWREN_EBR Setup Write/Read Enable to PFU Memory -0.110 | — ns
tHWREN_EBR Hold Write/Read Enable to PFU Memory 0.155 — ns
tSUCE_EBR Clock Enable Setup Time to EBR Output Register 0.108 — ns
tHCE_EBR Clock Enable Hold Time to EBR Output Register -0.097 | — ns
tSUBE_EBR Byte Enable Set-Up Time to EBR Output Register -0.071 | — ns
LA-LatticeECP3 Internal Switching Characteristics’
Over Recommended Operating Conditions
Parameter Description -6 /—-6L Units
Min. Max.
tHBE_EBR Byte Enable Hold Time to EBR Output Register 0.080 - ns
PLL Parameters
tRSTREC_GPLL Reset Recovery to Rising Clock 1.00 - ns
DSP Block Timing?3
tsul_psp Input Register Setup Time 0.39 — ns
tHI_DSP Input Register Hold Time -0.21 — ns
tsyp_psp Pipeline Register Setup Time 2.39 - ns
tHP_DSP Pipeline Register Hold Time -1.16 — ns
tsuo_psp Output Register Setup Time 3.37 — ns
tHo_DSP Output Register Hold Time -1.86 — ns
tcol_Dsp Input Register Clock to Output Time — 3.77 ns
tcop_DsP Pipeline Register Clock to Output Time — 1.66 ns
tcoo_DspP Output Register Clock to Output Time — 0.63 ns
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Data Sheet
Parameter Description -6 /—6L Units
Min. Max.
tSUOPT_DSP Opcode Register Setup Time 0.39 — ns
tHOPT_DSP Opcode Register Hold Time -0.27 — ns
tSUDATA_DSP Cascade_data through ALU to Output Register Setup Time 2.16 — ns
tHPDATA_DSP Cascade_data through ALU to Output Register Hold Time -0.98 — ns
Note:

1. Internal parameters are characterized but not tested on every device.
2. These parameters apply to LA-LatticeECP3 devices only.
3. DSP Block is configured in Multiply Add/Sub 18 x 18 Mode.

4.17. Timing Diagrams

SYN €3 0 C B € S ED S £
o e CoCCCo0
S S — S S

| |
Figure 4.9. Read/Write Mode (Normal)

Note: Input data and address are registered at the positive edge of the clock and output data appears after the positive
edge of the clock.
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Figure 4.11. Write Through (SP Read/Write on Port A, Input Registers Only)

Note: Input data and address are registered at the positive edge of the clock and output data appears after the positive
edge of the clock.
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4.18. LA-LatticeECP3 Family Timing Adders %345

Over Recommended Operating Conditions

= LATTICE

Buffer Type | Description -6 /-6L Units
Input Adjusters

LVDS25E LVDS, Emulated, VCCIO = 2.5V -0.04 ns
LVDS25 LVDS, VCCIO=2.5V -0.04 ns
BLVDS25 BLVDS, Emulated, VCCIO =2.5V -0.04 ns
MLVDS25 MLVDS, Emulated, VCCIO = 2.5V -0.04 ns
RSDS25 RSDS, VCCIO=2.5V -0.04 ns
PPLVDS Point-to-Point LVDS -0.04 ns
TRLVDS Transition-Reduced LVDS -0.04 ns
HYPT HyperTransport -0.04 ns
Mini MLVDS Mini LVDS -0.04 ns
LVPECL33 LVPECL, Emulated, VCCIO =3.0V -0.04 ns
HSTL18_| HSTL_18class I, VCCIO =1.8V 0.14 ns
HSTL18_II HSTL_18 class Il, VCCIO =1.8V 0.14 ns
HSTL18D_| Differential HSTL 18 class | 0.14 ns
HSTL18D_lI Differential HSTL 18 class Il 0.14 ns
HSTL15_| HSTL_15class |, VCCIO=1.5V 0.14 ns
HSTL15D_| Differential HSTL 15 class | 0.14 ns
SSTL33_| SSTL_3 class I, VCCIO =3.0V 0.30 ns
SSTL33_lI SSTL_3 class Il, VCCIO=3.0V 0.30 ns
SSTL33D_| Differential SSTL_3 class | 0.30 ns
SSTL33D_II Differential SSTL_3 class Il 0.30 ns
SSTL25_| SSTL_2 class |, VCCIO =2.5V 0.17 ns
SSTL25_1I SSTL_2 class Il, VCCIO=2.5V 0.17 ns
SSTL25D_| Differential SSTL_2 class | 0.17 ns
SSTL25D_I Differential SSTL_2 class Il 0.17 ns
SSTL18_| SSTL_18class |, VCCIO =1.8V 0.04 ns
SSTL18_lI SSTL_18class Il, VCCIO = 1.8V 0.04 ns
SSTL18D_| Differential SSTL_18 class | 0.04 ns
SSTL18D_II Differential SSTL_18 class Il 0.04 ns
SSTL15 SSTL_15,VCCIO=1.5V 0.03 ns
SSTL15D Differential SSTL_15 -0.04 ns
LVTTL33 LVTTL, VCCIO=3.0V 0.05 ns
LVCMOS33 LVCMOS, VCCIO =3.0V 0.05 ns
LVCMOS25 LVCMOS, VCCIO =2.5V 0.00 ns
LVCMOS18 LVCMOS, VCCIO =1.8V 0.11 ns
LVCMOS15 LVCMOS, VCCIO =1.5V 0.26 ns
LVCMOS12 LVCMOS, VCCIO =1.2V 0.09 ns
PCI33 PCl, VCCIO=3.0V 0.05 ns
Output Adjusters

LVDS25E LVDS, Emulated, VCCIO = 2.5V 0.16 ns
LVDS25 LVDS, VCCIO=2.5V 0.01 ns
BLVDS25 BLVDS, Emulated, VCCIO =2.5V -0.04 ns
MLVDS25 MLVDS, Emulated, VCCIO=2.5V -0.03 ns
RSDS25 RSDS, VCCIO=2.5V 0.16 ns
PPLVDS Point-to-Point LVDS, Emulated, VCCIO = 2.5V 0.01 ns
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Buffer Type Description -6 /-6L Units
HYPT HyperTransport 0.01 ns
LVPECL33 LVPECL, Emulated, VCCIO =3.0V -0.06 ns
HSTL18_| HSTL_18 class | 8mA drive, VCCIO = 1.8V -0.13 ns
HSTL18_lI HSTL_18 class I, VCCIO =1.8V -0.26 ns
HSTL18D_| Differential HSTL 18 class | 8 mA drive -0.13 ns
HSTL18D_II Differential HSTL 18 class Il -0.26 ns
HSTL15_| HSTL_15 class | 4 mA drive, VCCIO = 1.5V -0.16 ns
HSTL15D_| Differential HSTL 15 class | 4 mA drive -0.16 ns
SSTL33_|I SSTL 3 class |, VCCIO=3.0V 0.20 ns
SSTL33_1I SSTL_3 class I, VCCIO =3.0V -0.15 ns
SSTL33D_| Differential SSTL_3 class | 0.20 ns
SSTL33D_lI Differential SSTL_3 class Il -0.15 ns
SSTL25_1 SSTL_2 class | 8 mA drive, VCCIO =2.5V 0.02 ns
SSTL25_1I SSTL_2 class Il 16 mA drive, VCCIO =2.5V -0.13 ns
SSTL25D_| Differential SSTL_2 class | 8 mA drive 0.02 ns
SSTL25D_lII Differential SSTL_2 class Il 16 mA drive -0.13 ns
SSTL18 | SSTL_1.8class |, VCCIO=1.8V -0.07 ns
SSTL18 1 SSTL_1.8 class Il 8mA drive, VCCIO = 1.8 V -0.15 ns
SSTL18D_| Differential SSTL_1.8 class | -0.07 ns
SSTL18D_lII Differential SSTL_1.8 class Il 8 mA drive -0.15 ns
SSTL15 SSTL_1.5,VCCIO =15V 1.55 ns
SSTL15D Differential SSTL_15 1.55 ns
LVTTL33_4mA LVTTL 4 mA drive, VCCIO =3.0V 0.24 ns
LVTTL33_8mA LVTTL 8 mA drive, VCCIO =3.0V -0.07 ns
LVTTL33_12mA LVTTL 12 mA drive, VCCIO =3.0 V -0.02 ns
LVTTL33_16mA LVTTL 16 mA drive, VCCIO =3.0 V -0.09 ns
LVTTL33_20mA LVTTL 20 mA drive, VCCIO =3.0 V -0.15 ns
LVCMOS33_4mA LVCMOS 3.3 4 mA drive, fast slew rate 0.24 ns
LVCMO0S33_8mA LVCMOS 3.3 8 mA drive, fast slew rate -0.07 ns
LVCMOS33_12mA LVCMOS 3.3 12 mA drive, fast slew rate -0.02 ns
LVCMOS33_16mA LVCMOS 3.3 16 mA drive, fast slew rate -0.09 ns
LVCMOS33_20mA LVCMOS 3.3 20 mA drive, fast slew rate -0.15 ns
LVCMOS25_4mA LVCMOS 2.5 4 mA drive, fast slew rate 0.10 ns
LVCMOS25_8mA LVCMOS 2.5 8 mA drive, fast slew rate -0.07 ns
LVCMOS25_12mA LVCMOS 2.5 12 mA drive, fast slew rate 0.00 ns
LVCMOS25_16mA LVCMOS 2.5 16 mA drive, fast slew rate -0.15 ns
LVCMO0S25_20mA LVCMOS 2.5 20 mA drive, fast slew rate -0.15 ns
LVCMOS18_4mA LVCMOS 1.8 4 mA drive, fast slew rate 0.14 ns
LVCMO0S18_8mA LVCMOS 1.8 8 mA drive, fast slew rate 0.14 ns
LVCMOS18_12mA LVCMOS 1.8 12 mA drive, fast slew rate -0.03 ns
LVCMOS18_16mA LVCMOS 1.8 16 mA drive, fast slew rate -0.03 ns
LVCMOS15_4mA LVCMOS 1.5 4 mA drive, fast slew rate 0.30 ns
LVCMOS15_8mA LVCMOS 1.5 8 mA drive, fast slew rate 0.09 ns
LVCMOS12_2mA LVCMOS 1.2 2 mA drive, fast slew rate 0.61 ns
LVCMOS12_6mA LVCMOS 1.2 6 mA drive, fast slew rate 0.35 ns
LVCMOS33_4mA LVCMOS 3.3 4 mA drive, slow slew rate 1.79 ns
LVCMOS33_8mA LVCMOS 3.3 8 mA drive, slow slew rate 1.27 ns
LVCMOS33_12mA LVCMOS 3.3 12 mA drive, slow slew rate 0.90 ns
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Buffer Type Description -6 /-6L Units
LVCMOS33_16mA LVCMOS 3.3 16 mA drive, slow slew rate 1.26 ns
LVCMOS33_20mA LVCMOS 3.3 20 mA drive, slow slew rate 0.89 ns
LVCMOS25_4mA LVCMOS 2.5 4 mA drive, slow slew rate 1.86 ns
LVCMOS25_8mA LVCMOS 2.5 8 mA drive, slow slew rate 1.32 ns
LVCMOS25_12mA LVCMOS 2.5 12 mA drive, slow slew rate 0.98 ns
LVCMOS25_16mA LVCMOS 2.5 16 mA drive, slow slew rate 1.32 ns
LVCMO0S25_20mA LVCMOS 2.5 20 mA drive, slow slew rate 0.97 ns
LVCMOS18_4mA LVCMOS 1.8 4 mA drive, slow slew rate 2.02 ns
LVCMOS18_8mA LVCMOS 1.8 8 mA drive, slow slew rate 1.44 ns
LVCMOS18_12mA LVCMOS 1.8 12 mA drive, slow slew rate 1.14 ns
LVCMOS18_16mA LVCMOS 1.8 16 mA drive, slow slew rate 1.12 ns
LVCMOS15_4mA LVCMOS 1.5 4 mA drive, slow slew rate 2.17 ns
LVCMOS15_8mA LVCMOS 1.5 8 mA drive, slow slew rate 1.55 ns
LVCMOS12_2mA LVCMOS 1.2 2 mA drive, slow slew rate 1.82 ns
LVCMOS12_6mA LVCMOS 1.2 6 mA drive, slow slew rate 1.50 ns
PCI33 PCI,VCCIO=3.0V -0.15 ns
Notes:

1. Timing adders are characterized but not tested on every device.

LVCMOS timing measured with the load specified in Switching Test Conditions on page 103.

All other standards tested according to the appropriate specifications.

These timing adders are measured with the recommended resistor values.

Not all I/0 standards and drive strengths are supported for all banks. See the Architecture section of this data sheet for details.

vk wnN

4.19. LA-LatticeECP3 Maximum 1/O Buffer Speed 123456

Over Recommended Operating Conditions

Buffer ‘ Description Max. Units
Maximum Input Frequency

LVDS25 LVDS, Vcaio=2.5V 400 MHz
MLVDS25 MLVDS, Emulated, Vg o=2.5V 400 MHz
BLVDS25 BLVDS, Emulated, Vccio=2.5V 400 MHz
PPLVDS Point-to-Point LVDS 400 MHz
TRLVDS Transition-Reduced LVDS 612 MHz
Mini LVDS Mini LVDS 400 MHz
LVPECL33 LVPECL, Emulated, Vccio=3.0V 400 MHz
HSTL18 (all supported classes) HSTL_18class I, II, Veeo=1.8V 400 MHz
HSTL15 HSTL_15 class I, Vecio= 1.5 V 400 MHz
SSTL33 (all supported classes) SSTL_3class |, I, Vccio=3.0V 400 MHz
SSTL25 (all supported classes) SSTL_2 class |, Il, Vegp=2.5V 400 MHz
SSTL18 (all supported classes) SSTL_18class I, I, Vcco=1.8V 400 MHz
LVTTL33 LVTTL, Veaio=3.0V 166 MHz
LVCMOS33 LVCMOS, V¢ o=3.0V 166 MHz
LVCMOS25 LVCMOS, Vo= 2.5V 166 MHz
LVCMOS18 LVCMOS, Vecio= 1.8V 166 MHz
LVCMOS15 LVCMOS 1.5, Vo= 1.5V 166 MHz
LVCMOS12 LVCMOS 1.2, Veeio=1.2V 166 MHz
PCI33 PCl, V=33V 66 MHz
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Buffer Description Max. Units
Maximum Output Frequency
LVDS25E LVDS, Emulated, Vccio= 2.5V 300 MHz
LVDS25 LVDS, Vego = 2.5V 612 MHz
MLVDS25 MLVDS, Emulated, Voo = 2.5V 300 MHz
RSDS25 RSDS, Emulated, Vccio = 2.5 V 612 MHz
BLVDS25 BLVDS, Emulated, Vg = 2.5V 300 MHz
PPLVDS Point-to-point LVDS 612 MHz
LVPECL33 LVPECL, Emulated, Vcgio= 3.0V 612 MHz
Mini-LVDS Mini LVDS 612 MHz
HSTL18 (all supported classes) HSTL_18class I, Il, Voo =1.8V 200 MHz
HSTL15 (all supported classes) HSTL_15class |, Vccio=1.5V 200 MHz
SSTL33 (all supported classes) SSTL_3 class |, Il, Vego=3.0V 233 MHz
SSTL25 (all supported classes) SSTL_2 class |, Il, Vegp=2.5V 233 MHz
SSTL18 (all supported classes) SSTL_18class I, I, Vecp=1.8V 266 MHz
LVTTL33 LVTTL, Vo= 3.0V 166 MHz
LVCMOS33 (For all drives) LVCMOS, 3.3V 166 MHz
LVCMOS25 (For all drives) LVCMOS, 2.5V 166 MHz
LVCMOS18 (For all drives) LVCMOS, 1.8V 166 MHz
LVCMOS15 (For all drives) LVCMOS, 1.5V 166 MHz
LVCMOS12 (For all drives except 2 mA) LVCMOS, Veco=1.2V 166 MHz
LVCMOS12 (2 mA drive) LVCMOS, Vcgo=1.2V 100 MHz
PCI33 PCl, Vecio=3.3V 66 MHz

Notes:

1. These maximum speeds are characterized but not tested on every device.

2. Maximum I/0 speed for differential output standards emulated with resistors depends on the layout.

3. LVCMOS timing is measured with the load specified in the Switching Test Conditions table of this document.

4. All speeds are measured at fast slew.

5. Actual system operation may vary depending on user logic implementation.

6. Maximum data rate equals 2 times the clock rate when utilizing DDR.

4.20. Oscillator Output Frequency
Symbol Parameter Min. Typ. Max. Units
fmAx Oscillator Output Frequency 110.5 130 149.5 MHz

(Automotive Grade Devices, —40° to 125 °C)
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4.21. sysCLOCK PLL Timing

Over Recommended Operating Conditions
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Parameter | Descriptions Conditions Clock Min. Typ. Max. | Units
fIN Input clock frequency (CLKI, — Edge clock 2 — 500 MHz
CLKFB) Primary clock*® |2 - 420 | MHz
fout Output clock frequency (CLKOP, — Edge clock 4 — 500 MHz
CLKOS) Primary clock* |4 - 420 | MHz
fouT1 K-Divider output frequency CLKOK — 0.03125 | — 250 | MHz
fouT?2 K2-Divider output frequency CLKOK2 — 0.667 — 166 MHz
fvco PLL VCO frequency - — 500 - 1000 | MHz
fpED3 Phase detector input frequency — Edge clock 2 — 500 MHz
- Primary clock® | 2 - 420 | MHz
AC Characteristics
tpA Programmable delay unit — — 65 130 260 ps
tpT Output clock duty cycle (CLKOS, at | — Edge clock 45 50 55 %
50% setting) fouT < 250 MHz Primary clock | 45 50 |55 |%
fouT > 250MHz Primary clock | 30 50 70 %
tcpa Coarse phase shift error (CLKOS, at| — — -5 0 +5 % of
all settings) period
topw Output clock pulse width highor | — — 1.8 - — ns
low
(CLKOS)
topPT Output clock period jitter fouT = 420 MHz — - - 200 | ps
420 MHz > foyT 2 100 MHz | — — — 250 ps
fouT < 100 MHz — — — 0.025 | UIPP
tok Input clock to output clock skew — - - 500 |ps
when N/M = integer
tLock? Lock time 2to 25 MHz — - - 200 |us
25 to 500 MHz — — — 50 us
tUNLOCK | Reset to PLL unlock time to ensure — - - 50 ns
fast reset
tH) Input clock high time 90% to 90% — 0.5 - — ns
tLo Input clock low time 10% to 10% — 0.5 - — ns
tipT Input clock period jitter - — - - 400 | ps
tRsT Reset signal pulse width high, RSTK| — — 10 - - ns
Reset signal pulse width high, RST | — — 500 — — ns
Notes:

1. Jitter sample is taken over 10,000 samples of the primary PLL output with clean reference clock with no additional I/O toggling.
2. Output clock is valid after tLOCK for PLL reset and dynamic delay adjustment.
3. Period jitter and cycle-to-cycle jitter numbers are guaranteed for fpep > 4 MHz. For fpep < 4 MHz, the jitter numbers may not be

met in certain conditions. Please contact the factory for fPFD < 4MHz.
4.  When using internal feedback, maximum can be up to 500 MHz.
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4.22. DLL Timing

Over Recommended Operating Conditions

Parameter | Description Condition Min. Typ. Max. Units

fREF Input reference clock frequency (on-chip or off- — 133 — 500 MHz
chip)

frg Feedback clock frequency (on-chip or off-chip) — 133 — 500 MHz

fcLkop? Output clock frequency, CLKOP — 133 — 500 MHz

fcLkos? Output clock frequency, CLKOS — 333 — 500 MHz

tp)IT Output clock period jitter (clean input) — — 200 ps p-

P

tpuTy Output clock duty cycle (at 50% levels, 50% duty | Edge Clock 40 60 %
cycle input clock, 50% duty cycle circuit turned Primary Clock 30 70 %
off, time reference delay mode)

tpuUTYTRD | Output clock duty cycle (at 50% levels, arbitrary Primary Clock <250 MHz | 45 55 %
duty cycle input clock, 50% duty cycle circuit Primary Clock > 250 MHz | 30 70 %
enabled, time reference delay mode) Edge Clock 45 55 %

tpuTYCIR Output clock duty cycle (at 50% levels, arbitrary Primary Clock < 250 MHz | 40 60 %
duty cycle input clock, 50% duty cycle circuit Primary Clock > 250 MHz | 30 70 %
:Z:ct:;dn,gclock injection removal mode) with DLL Edge Clock 45 55 %

tSKEW Output clock to clock skew between two - - - 100 ps
outputs with the same phase setting

tPHASE Phase error measured at device pads between — — — +/- ps
off-chip reference clock and feedback clocks 400

tPWH Input clock minimum pulse width high (at 80% — 550 — — ps
level)

tpwiL Input clock minimum pulse width low (at 20% — 550 — — ps
level)

tINSTB Input clock period jitter — — — 500 ps

tLock DLL lock time - 8 - 8200 | cycles

tRSWD Digital reset minimum pulse width (at 80% level) | — 3 - — ns

tDEL Delay step size — 27 45 70 ps

tRANGE1 Max. delay setting for single delay block (64 - 1.9 31 4.4 ns
taps)

tRANGE4 Max. delay setting for four chained delay blocks | — 7.6 12.4 17.6 ns

Notes:

1. CLKOP runs at the same frequency as the input clock.
2. CLKOS minimum frequency is obtained with divide by 4.
3. Thisisintended to be a “path-matching” design guideline and is not a measurable specification.
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4.23. SERDES High-Speed Data Transmitter!

Table 4.8. Output Timing and Levels
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Symbol Description Frequency Min. Typ. Max. Units
VTX-DIFF-p-p- | Differential swing (1.44 V setting)? 0.15 to 3.125 Gbps 1150 1440 1730 mv, p-p
1.44
VTX-DIFF-P-P- Differential swing (1.35 V setting)®? 0.15 to 3.125 Gbps 1080 1350 1620 mV, p-p
1.35
VTX-DIFF-P-P- Differential swing (1.26 V setting)™? 0.15 to 3.125 Gbps 1000 1260 1510 mV, p-p
1.26
VTX-DIFE-p-p- | Differential swing (1.13 V setting)*? 0.15 to 3.125 Gbps 840 1130 1420 mV, p-p
1.13
VTX-DIFF-P-P- Differential swing (1.04 V setting)®? 0.15 to 3.125 Gbps 780 1040 1300 mV, p-p
1.04
VTX-DIFF-P-P- Differential swing (0.92 V setting)®? 0.15 to 3.125 Gbps 690 920 1150 mV, p-p
0.92
VTX-DIFF-P-P- Differential swing (0.87 V setting)™? 0.15 to 3.125 Gbps 650 870 1090 mV, p-p
0.87
VTX-DIFF-P-P- Differential swing (0.78 V setting)™? 0.15 to 3.125 Gbps 585 780 975 mV, p-p
0.78
VTX-DIFE-P-P- Differential swing (0.64 V setting)®? 0.15 to 3.125 Gbps 480 640 800 mV, p-p
0.64
Vocm Output common mode voltage — Vccos | VecoB | Vecos | V
-0.75 -0.60 -0.45
TTX-R Rise time (20% to 80%) — 145 185 265 ps
TTX-E Fall time (80% to 20%) — 145 185 265 ps
ZTX-0I-SE Output Impedance 50/75/HiZ Q - -20% 50/75/ | +20% Q
(single ended) Hiz

RLTX-RL Return loss (with package) - 10 dB
TTX- Lane-to-lane TX skew within a SERDES — — — 200 ps
INTRASKEW quad block (intra-quad)

Notes:

1. All measurements are with 50 Q impedance.
2. See LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-02190) for actual binary settings and the min-max range.

Table 4.9. Channel Output Jitter

Description Frequency Min. Typ. Max. Units

Deterministic 3.125 Gbps — — 0.17 Ul, p-p
Random 3.125 Gbps — — 0.25 Ul, p-p
Total 3.125 Gbps — — 0.35 Ul, p-p
Deterministic 2.5Gbps — — 0.17 Ul, p-p
Random 2.5Gbps — — 0.20 Ul, p-p
Total 2.5Gbps — — 0.35 Ul, p-p
Deterministic 1.25 Gbps — — 0.10 Ul, p-p
Random 1.25 Gbps — — 0.22 Ul, p-p
Total 1.25 Gbps — — 0.24 Ul, p-p
Deterministic 622 Mbps — — 0.10 Ul, p-p
Random 622 Mbps — — 0.20 Ul, p-p
Total 622 Mbps — — 0.24 Ul, p-p
Deterministic 250 Mbps — — 0.10 Ul, p-p
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Description Frequency Min. Typ. Max. Units

Random 250 Mbps — — 0.18 Ul, p-p
Total 250 Mbps — — 0.24 Ul, p-p
Deterministic 150 Mbps — — 0.10 Ul, p-p
Random 150 Mbps — — 0.18 Ul, p-p
Total 150 Mbps — — 0.24 Ul, p-p

Note: Values are measured with PRBS 27-1, all channels operating, FPGA logic active, I/0 around SERDES pins quiet, reference clock
@ 10X mode.

4.24. SERDES/PCS Block Latency

Table 4.10 describes the latency of each functional block in the transmitter and receiver. Latency is given in parallel
clock cycles. Figure 4.12 shows the location of each block.

Table 4.10. SERDES/PCS Latency Breakdown

Item Description ‘ Min. ‘ Avg. ‘ Max. ‘ Fixed | Bypass ‘ Units
Transmit Data Latency®
T1 FPGA Bridge - Gearing disabled with different clocks 1 3 5 — 1 word clk
FPGA Bridge - Gearing disabled with same clocks - — — 3 1 word clk
FPGA Bridge - Gearing enabled 1 3 5 — — word clk
T2 8b10b Encoder — — — 2 1 word clk
T3 SERDES Bridge transmit — — — 2 1 word clk
T4 Serializer: 8-bit mode — — — 15+ A1 — Ul + ps
Serializer: 10-bit mode — — — 18 + Al - Ul + ps
T5 Pre-emphasis ON — — — 1+A2 — Ul + ps
Pre-emphasis OFF — — — 0+A3 — Ul + ps
Receive Data Latency?
R1 Equalization ON — — — Al - Ul + ps
Equalization OFF — — — A2 - Ul + ps
R2 Deserializer: 8-bit mode — — — 10+ A3 — Ul + ps
Deserializer: 10-bit mode — — — 12+ A3 — Ul + ps
R3 SERDES Bridge receive — — — 2 — word clk
R4 Word alignment 3.1 — 4 — — word clk
R5 8b10b decoder — — — 1 — word clk
R6 Clock Tolerance Compensation 7 15 23 1 1 word clk
R7 FPGA Bridge - Gearing disabled with different clocks 1 3 5 — 1 word clk
FPGA Bridge - Gearing disabled with same clocks — — — 3 1 word clk
FPGA Bridge - Gearing enabled 1 3 5 - - word clk
Notes:

1. Al1=-245ps, A2 =+88ps, A3 =+112ps.
2. Al1=+118ps, A2 =+132ps, A3 = +700ps.
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Figure 4.12. Transmitter and Receiver Latency Block Diagram
4.25. SERDES High Speed Data Receiver
Table 4.11. Serial Input Data Specifications
Symbol Description Min. Typ. Max. Units
RX-CIDg Stream of nontransitions® 3.125G | — — 136 Bits
(CID = Consecutive Identical Digits) @ 10*2BER 25G — — 144
1485G | — — 160
622 M — — 204
270 M — — 228
150 M — — 296
VRX-DIFE-S Differential input sensitivity 150 — 1760 mV, p-p
VRN Input levels 0 — Veea +0.5% | V
VRx-CM-DC Input common mode range (DC coupled) 0.6 — Veea \Y
VRX-CM-AC Input common mode range (AC coupled)? 0.1 — Veea +0.2 "
Trx-reLock | SCDR re-lock time? — 1000 — Bits
ZRX-TERM Input termination 50/75 Q/High Z -20% 50/75/HiZ | +20% Q
RLRx-RL Return loss (without package) 10 — — dB

Notes:

1. Thisis the number of bits allowed without a transition on the incoming data stream when using DC coupling.

2. Thisis the typical number of bit times to re-lock to a new phase or frequency within +/- 300 ppm, assuming 8b10b encoded
data.

3.  ACcouplingis used to interface to LVPECL and LVDS. LVDS interfaces are found in laser drivers and Fibre Channel equipment.
LVDS interfaces are generally found in 622 Mbps SERDES devices.
4. Uptol.76 V.

4.25.1. Input Data Jitter Tolerance

A receiver’s ability to tolerate incoming signal jitter is very dependent on jitter type. High speed serial interface
standards have recognized the dependency on jitter type and have specifications to indicate tolerance levels for
different jitter types as they relate to specific protocols. Sinusoidal jitter is considered to be a worst case jitter type.
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Table 4.12. Receiver Total Jitter Tolerance Specification

Description Frequency Condition Min. Typ. Max. Units

Deterministic 3.125 Gbps 600 mV differential eye — — 0.47 Ul, p-p
Random 600 mV differential eye — — 0.18 Ul, p-p
Total 600 mV differential eye — — 0.65 Ul, p-p
Deterministic 2.5 Gbps 600 mV differential eye — — 0.47 Ul, p-p
Random 600 mV differential eye — — 0.18 Ul, p-p
Total 600 mV differential eye — — 0.65 Ul, p-p
Deterministic 1.25 Gbps 600 mV differential eye — — 0.47 Ul, p-p
Random 600 mV differential eye — — 0.18 Ul, p-p
Total 600 mV differential eye — — 0.65 Ul, p-p
Deterministic 622 Mbps 600 mV differential eye — — 0.47 Ul, p-p
Random 600 mV differential eye — — 0.18 Ul, p-p
Total 600 mV differential eye — — 0.65 Ul, p-p

Note: Values are measured with CJPAT, all channels operating, FPGA Logic active, I/O around SERDES pins quiet, voltages are
nominal, room temperature.

Table 4.13. Periodic Receiver Jitter Tolerance Specification

Description Frequency Condition Min. Typ. Max. Units

Periodic 2.97 Gbps 600 mV differential eye — — 0.24 Ul, p-p
Periodic 2.5 Gbps 600 mV differential eye — — 0.22 Ul, p-p
Periodic 1.485 Gbps 600 mV differential eye — — 0.24 Ul, p-p
Periodic 622 Mbps 600 mV differential eye — — 0.15 Ul, p-p
Periodic 150 Mbps 600 mV differential eye — — 0.5 Ul, p-p

Note: Values are measured with PRBS 27-1, all channels operating, FPGA Logic active, /0 around SERDES pins quiet, voltages are
nominal, room temperature.

4.25.2. SERDES External Reference Clock

The external reference clock selection and its interface are a critical part of system applications for this product. Table
4.14 specifies reference clock requirements, over the full range of operating conditions.

Table 4.14. External Reference Clock Specification (refclkp/refclkn)

Symbol Description Min. Typ. Max. Units

FREF Frequency range 15 — 320 MHz

FREF-PPM Frequency tolerance! —1000 — 1000 ppm

VREF-IN-SE Input swing, single-ended clock? 200 — Vcea mV, p-p

VREF-IN-DIFF Input swing, differential clock 200 - 2*Vcea mV, p-p

differential

VREF-IN Input levels 0 - Vcea+0.3 \Y

DREF Duty cycle? 40 - 60 %

TREF-R Rise time (20% to 80%) 200 500 1000 ps

TREF-F Fall time (80% to 20%) 200 500 1000 ps

ZREF-IN-TERM- Differential input termination -20% 100/2K +20% Q

DIFF

CREF-IN-CAP Input capacitance — — 7 pF
Notes:

1. Depending on the application, the PLL_LOL_SET and CDR_LOL_SET control registers may be adjusted for other tolerance values
as described in LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-02190).

2. The signal swing for a single-ended input clock must be as large as the p-p differential swing of a differential input clock to get
the same gain at the input receiver. Lower swings for the clock may be possible, but will tend to increase jitter.
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Figure 4.13. SERDES External Reference Clock Waveforms
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4.26. PCl Express Electrical and Timing Characteristics

4.26.1. AC and DC Characteristics

Over Recommended Operating Conditions

Symbol Description Test Min Typ | Max Units
Conditions

Transmit*

Ul Unit interval — 399.88 | 400 | 400.12 ps

VIX-DIFF_p-p Differential peak-to-peak output - 0.8 1.0 1.2 Vv
voltage

VIX-DE-RATIO De-emphasis differential output — -3 -35 | 4 dB
voltage ratio

V1x.cm-Ac_p RMS AC peak common-mode output — — — 20 mV
voltage

V1x-RCV-DETECT Amount of voltage change allowed — — — 600 mV
during receiver detection

Vix-pe-cm Tx DC common mode voltage - 0 - Vecos + \Y

5%
ITX-SHORT Output short circuit current V1x.p+=0.0 V — — 90 mA
VTX-D-=O'0 \'

Z1X_DIFF-DC Differential output impedance — 80 100 | 120 Q

RLrx-pifr Differential return loss — 10 — — dB

RLrx.cm Common mode return loss - 6.0 - - dB

Trx-RISE Tx output rise time 20 to 80% 0.125 — — Ul

TTX-FALL Tx Output fall time 20 to 80% 0.125 — — Ul

Lrx-skew Lane-to-lane static output skew for all — — — 1.3 ns
lanes in port/link

Trx-eve Transmitter eye width - 0.75 - - ul

T rX-EYE-MEDIAN-TO-MAX-JITTER Maximum time between jitter median | — - - 0.125 ul
and maximum deviation from median

Receive’?

ul Unit Interval — 399.88 | 400 | 400.12 ps

VRx-DIFF p-P Differential peak-to-peak input voltage | — 0.34° - 1.2 \Y

VRX-|DLE-DET-D|FF_P-P Idle detect threshold Voltage — 65 - 3403 mV

VRx-CM-AC P Receiver common mode voltage for AC | — - - 150 mV
coupling

ZRX-DIFF-DC DC differential input impedance - 80 100 | 120 Q

Zay-ne DC input impedance — 40 50 60 Q

ZRX-HIGH-IMP-DC Power-down DC input impedance - 200K - - Q

RLgx-pIFF Differential return loss - 10 - - dB

RLgx-cm Common mode return loss — 6.0 — — dB

T RX-IDLE-DET-DIFF-ENTERTIME Maximum time required for receiver - - - - ms
to recognize and signal an unexpected
idle on link

Notes:

1. Values are measured at 2.5 Gbps.

2. Measured with external AC-coupling on the receiver.
3. Not in compliance with PCI Express 1.1 standard.
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4.27. XAUIl/Serial Rapid I/O Type 3/CPRI LV E.30 Electrical and Timing
Characteristics

4.27.1. AC and DC Characteristics
Table 4.15. Transmit

Over Recommended Operating Conditions

Symbol Description Test Min. Typ. Max. Units
Conditions

TRF Differential rise/fall time 20%-80% — 80 - ps
ZTX_DIFF_DC Differential impedance 80 100 120 Q
JTX_DDJ234 Output data deterministic jitter — — 0.17 ul
I T1234 Total output data jitter — — 0.35 ul

Notes:

1. Totaljitter includes both deterministic jitter and random jitter.

2. litter values are measured with each CML output AC coupled into a 50-Q impedance (100-Q differential impedance).

3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

4. Values are measured at 2.5 Gbps.

Table 4.16. Receive and Jitter Tolerance

Over Recommended Operating Conditions

Symbol Description Test Conditions Min. Typ. Max. Units
RLRX_DIFF Differential return loss From 100 MHz 10 — — dB
t0 3.125 GHz
RLRXx_cMm Common mode return loss From 100 MHz 6 — — dB
t0 3.125 GHz
ZRX_DIFF Differential termination resistance — 80 100 120 Q
JRX_DJ1,2,3 Deterministic jitter tolerance (peak-to-peak) | — — — 0.37 ul
JRX_RJ123 Random jitter tolerance (peak-to-peak) - - — 0.18 ul
JRX_sJ223 Sinusoidal jitter tolerance (peak-to-peak) — — — 0.10 ul
JRX_TJ1,2,3 Total jitter tolerance (peak-to-peak) — — — 0.65 ul
TRX_EYE Receiver eye opening — 0.35 — - ul
Notes:
1. Totaljitter includes deterministic jitter, random jitter and sinusoidal jitter. The sinusoidal jitter tolerance mask is shown in

vk wnN

Figure 4.18.
Jitter values are measured with each high-speed input AC coupled into a 50-Q impedance.

Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.
Jitter tolerance parameters are characterized when Full Rx Equalization is enabled.
Values are measured at 2.5 Gbps.
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Note: The sinusoidal jitter tolerance is measured with at least 0.37Ulpp of Deter ministic
jitter (Dj) and the sum of Dj and Rj (random jitter) is at least 0.55Ulpp. Therefore, the
sum of Dj, Rjand Sj (sinusoidal jitter) is at least 0.65Ulpp (Dj=0.37, Rj = 0.18, Sj = 0.1).

Figure 4.18. XAUI Sinusoidal Jitter Tolerance Mask
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4.28. Serial Rapid 1/0 Type 2/CPRI LV E.24 Electrical and Timing Characteristics

4.28.1. AC and DC Characteristics
Table 4.17. Transmit

Symbol Description Test Min. Typ. Max. Units
Conditions

TRF:l Differential rise/fall time 20%-80% — 80 — ps
ZTX DIFF DC Differential impedance 80 100 120 Q
JTX_DDJ345 Output data deterministic jitter — — 0.17 ul
I T2 Total output data jitter — — 0.35 ul

Notes:

1. Rise and Fall times measured with board trace, connector and approximately 2.5 pf load.

2. Totaljitter includes both deterministic jitter and random jitter. The random jitter is the total jitter minus the actual

deterministic jitter.
3. lJitter values are measured with each CML output AC coupled into a 50-Q impedance (100-Q differential impedance).
Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

5. Values are measured at 2.5 Gbps.

Table 4.18. Receive and Jitter Tolerance
Symbol Description Test Conditions Min. Typ. Max. Units
RLRX_DIFF Differential return loss From 100 MHz to 2.5 GHz | 10 — — dB
RLRX_c™m Common mode return loss From 100 MHzto 2.5GHz | 6 — — dB
ZRX DIFF Differential termination resistance 80 100 120 Q
JRX_DJ2345 Deterministic jitter tolerance (peak-to-peak) - - 0.37 ul
JRX_RJ2345 Random jitter tolerance (peak-to-peak) — - 0.18 ul
JRX §J2345 Sinusoidal jitter tolerance (peak-to-peak) — — 0.10 ul
JRX_TJ12345 | Total jitter tolerance (peak-to-peak) — - 0.65 ul
TRX EYE Receiver eye opening 0.35 - - ul

Notes:

1. Totaljitter includes deterministic jitter, random jitter and sinusoidal jitter. The sinusoidal jitter tolerance mask is shown in

Figure 4.18.

2. lJitter values are measured with each high-speed input AC coupled into a 50-Q impedance.
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3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

4. Jitter tolerance, Differential Input Sensitivity and Receiver Eye Opening parameters are characterized when Full Rx Equalization
is enabled.

5. Values are measured at 2.5 Gbps.

4.29. Gigabit Ethernet/Serial Rapid 1/0 Type 1/SGMII/CPRI LV E.12 Electrical and
Timing Characteristics

4.29.1. AC and DC Characteristics

Table 4.19. Transmit

Symbol Description Test Conditions Min. Typ. Max. Units

TRF Differential rise/fall time 20%-80% — 80 - ps

ZTX_DIFF_DC Differential impedance 80 100 120 Q

ITX_DDy345 Output data deterministic jitter — — 0.10 ul

Irx e Total output data jitter — — 0.24 ul
Notes:

1. Rise and fall times measured with board trace, connector and approximately 2.5 pf load.

2. Totaljitter includes both deterministic jitter and random jitter. The random jitter is the total jitter minus the actual
deterministic jitter.

3. litter values are measured with each CML output AC coupled into a 50-Q impedance (100-Q differential impedance).

4. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

5. Values are measured at 1.25 Gbps.

Table 4.20. Receive and Jitter Tolerance

Symbol Description Test Conditions Min. Typ. Max. Units
RLRX_DIFF Differential return loss From 100 MHz to 1.25GHz | 10 — — dB
RLRXx_cMm Common mode return loss From 100 MHzto 1.25GHz | 6 — — dB
ZRX_DIFF Differential termination resistance 80 100 120 Q
JRX_DJ12345 | Deterministic jitter tolerance (peak-to-peak) — — 0.34 Ul
JRX_RJ12345 | Random jitter tolerance (peak-to-peak) — — 0.26 ul
JRX_SJ1,2,3,4,5 Sinusoidal jitter tolerance (peak-to-peak) — — 0.11 Ul
JRX_TI12345 Total jitter tolerance (peak-to-peak) — — 0.71 Ul
TRX_EYE Receiver eye opening 0.29 - - ul

Notes:

1. Totaljitter includes deterministic jitter, random jitter and sinusoidal jitter. The sinusoidal jitter tolerance mask is shown in

Figure 4.18.

2. lJitter values are measured with each high-speed input AC coupled into a 50-Q impedance.

3. litter and skew are specified between differential crossings of the 50% threshold of the reference signal.

4. Jitter tolerance, Differential Input Sensitivity and Receiver Eye Opening parameters are characterized when Full Rx Equalization
is enabled.

5. Values are measured at 1.25 Gbps.
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4.30. SMPTE SD/HD-SDI/3G-SDI (Serial Digital Interface) Electrical and Timing
Characteristics

4.30.1. AC and DC Characteristics
Table 4.21. Transmit

Symbol Description Test Conditions Min. Typ. Max. Units
BRspo Serial data rate 270 — 2975 Mbps
TIALIGNMENT?2 Serial output jitter, alignment 270 Mbps - — 0.20 ul
TIALIGNMENT?2 Serial output jitter, alignment 1485 Mbps — — 0.20 ul
TJALIGNMENTL2 | Serial output jitter, alignment 2970Mbps — — 0.30 ul
TITIMING Serial output jitter, timing 270 Mbps — — 0.20 Ul
TITIMING Serial output jitter, timing 1485 Mbps — — 1.0 ul
TITIMING Serial output jitter, timing 2970 Mbps — — 2.0 ul
Notes:

1. Timing jitter is measured in accordance with SMPTE RP 184-1996, SMPTE RP 192-1996 and the applicable serial data
transmission stan- dard, SMPTE 259M-1997 or SMPTE 292M (proposed). A color bar test pattern is used.The value of fSCLK is
270 MHz or 360 MHz for SMPTE 259M, 540 MHz for SMPTE 344M or 1485 MHz for SMPTE 292M serial data rates. See the
Timing Jitter Bandpass section.

2. litteris defined in accordance with SMPTE RP1 184-1996 as: jitter at an equipment output in the absence of input jitter.

3. All Tx jitter is measured at the output of an industry standard cable driver; connection to the cable driver is via a 50-Q
impedance differential signal from the Lattice SERDES device.

4. The cable driver drives: RL=75 Q, AC-coupled at 270, 1485, or 2970 Mbps, RREFLVL=RREFPRE=4.75 kQ 1%.

Table 4.22. Receive

Symbol Description Test Conditions Min. Typ. Max. Units
BRsp| Serial input data rate 270 — 2970 Mbps
CID Stream of non-transitions 7(3G)/26(SMPTE — — Bits
(=Consecutive Identical Digits) Triple rates) @ 10-12
BER

Table 4.23. Reference Clock

Symbol Description Test Conditions Min. Typ. Max. Units
FvcLk Video output clock frequency 27 — 74.25 MHz
DCy Duty cycle, video clock 45 50 55 %
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4.31. HDMI (High-Definition Multimedia Interface) Electrical and Timing

Characteristics

4.31.1. AC and DC Characteristics

Table 4.24. Transmit and Receive® 2

Symbol Description Spec. Compliance Units
Min. Spec. Max. Spec.
Transmit
Intra-pair Skew — 75 ps
Inter-pair Skew — 800 ps
TMDS Differential Clock Jitter — 0.25 ul
Receive
RT Termination Resistance 40 60 Q
Vicm Input AC Common Mode Voltage (50-Q Setting) — 50 mV
TMDS Clock Jitter Clock Jitter Tolerance — 0.25 ul
Notes:
1. Output buffers must drive a translation device. Max. speed is 2 Gbps. If translation device does not modify rise/fall time, the

maximum speed is 1.5 Gbps.

Input buffers must be AC coupled in order to support the 3.3 V common mode. Generally, HDMI inputs are terminated by an
external cable equalizer before data/clock is forwarded to the LA-LatticeECP3 device.
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Test Loads
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Figure 4.19. Test Loads
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4.32. LA-LatticeECP3 sysCONFIG Port Timing Specifications

Over Recommended Operating Conditions

Parameter | Description

| Min. | Max. | Units

POR, Configuration Initialization, and Wakeup

ticrG Time from the Application of Vcc, Vccaux or Vcciog®* (Whichever is| Master mode — 23 ms
the Last to Cross the POR Trip Point) to the Rising Edge of INITN Slave mode — ms
tvmc Time from t|cgg to the Valid Master MCLK — ps
tPRGM PROGRAMN Low Time to Start Configuration 25 — ns
tpRGMR) | PROGRAMN Pin Pulse Rejection — 10 ns
tpppINIT | Delay Time from PROGRAMN Low to INITN Low — 37 ns
tppppONE| Delay Time from PROGRAMN Low to DONE Low — 37 ns
tDINITL PROGRAMN High to INITN High Delay — 1 ms
tmwce Additional Wake Master Clock Signals After DONE Pin is High 100 500 cycles
tcz MCLK From Active To Low To High-Z — 300 ns
All Configuration Modes
tsucpl Data Setup Time to CCLK/MCLK 5 — ns
tHCDI Data Hold Time to CCLK/MCLK 1 — ns
tcopo CCLK/MCLK to DOUT in Flowthrough Mode -0.2 12 ns
Slave Serial
tSScH CCLK Minimum High Pulse 5 — ns
tsscL CCLK Minimum Low Pulse 5 — ns
feolk CCLK Frequency Without encryption | — 33 MHz
With encryption — 20 MHz
Master and Slave Parallel
tsucs CSN[1:0] Setup Time to CCLK/MCLK 7 — ns
tHCS CSN[1:0] Hold Time to CCLK/MCLK 1 - ns
tsuwbD WRITEN Setup Time to CCLK/MCLK 7 — ns
tHWD WRITEN Hold Time to CCLK/MCLK 1 — ns
tpcB CCLK/MCLK to BUSY Delay Time — 12 ns
tCORD CCLK to Out for Read Data — 12 ns
tBSCcH CCLK Minimum High Pulse 6 — ns
tescL CCLK Minimum Low Pulse 6 — ns
tgscyc Byte Slave Cycle Time 30 - ns
feolk CCLK/MCLK Frequency Without encryption | — 33 MHz
With encryption — 20 MHz
Master and Slave SPI
tCrGX INITN High to MCLK Low — 80 ns
tcsspl INITN High to CSSPIN Low 0.2 2 ps
tsocpo MCLK Low to Output Valid — 15 ns
tcsPID CSSPIN[0:1] Low to First MCLK Edge Setup Time 0.3 ps
fcelk CCLK Frequency Without encryption | — 33 MHz
With encryption - 20 MHz
tSSCH CCLK Minimum High Pulse 5 — ns
tsscL CCLK Minimum Low Pulse 5 — ns
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Parameter | Description Min. Max. | Units
tHLCH HOLDN Low Setup Time (Relative to CCLK) 5 - ns
tCHHH HOLDN Low Hold Time (Relative to CCLK) 5 — ns
Master and Slave SPI (Continued)
tCHHL HOLDN High Hold Time (Relative to CCLK) 5 — ns
tHHCH HOLDN High Setup Time (Relative to CCLK) 5 — ns
tHLQZ HOLDN to Output High-Z — 9 ns
tHHQX HOLDN to Output Low-Z — 9 ns
Note:
1. Re-toggling the PROGRAMN pin is not permitted until the INITN pin is high. Avoid consecutive toggling of the PROGRAMN.
Parameter Min. Max. Units
Master Clock Frequency Selected value - 15% Selected value + 15% MHz
Duty Cycle 40 60 %
BsCYC
B T e,
CCLK / \ I \
— I<— toues —_— Yt
CSIN | I I
i
CSN : I
!‘— Somo —’l two
WRITEN I
—> DCB
BUSY /_
— t

CORD

*n = last byte of read cycle.

Figure 4.20. sysCONFIG Parallel Port Read Cycle
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Figure 4.21. sysCONFIG Parallel Port Write Cycle
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Figure 4.22. sysCONFIG Master Serial Port Timing
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Figure 4.23. sysCONFIG Slave Serial Port Timing
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Vee ! Vecaux !
Vecios!

INITN

DONE

CCLK?

cFG[2:0]° | Valid

1. Time taken from Ve, Viecaux or Veciog, whichever is the last to cross the POR trip point.
2. Device iz in a Master Mode (SFI, SPIm).
3. The CFG pins are normally static (hard wired).

Figure 4.24. Power-On-Reset (POR) Timing
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Figure 4.25. sysCONFIG Port Timing
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1. The CFG pins are normally static (hard wired)

Figure 4.26. Configuration from PROGRAMN Timing
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Figure 4.27. Wake-Up Timing
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Figure 4.28. Master SPI Configuration Waveforms
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4.33. JTAG Port Timing Specifications

Over Recommended Operating Conditions

Symbol Parameter Min Max Units
fMAX TCK clock frequency — 25 MHz
tBTCP TCK [BSCAN] clock pulse width 40 — ns
tBTCPH TCK [BSCAN] clock pulse width high 20 - ns
tBTCPL TCK [BSCAN] clock pulse width low 20 — ns
tBTS TCK [BSCAN] setup time 10 - ns
tBTH TCK [BSCAN] hold time 8 — ns
tBTRF TCK [BSCAN] rise/fall time 50 — mV/ns
tBTCO TAP controller falling edge of clock to valid output — 10 ns
tBTCODIS TAP controller falling edge of clock to valid disable — 10 ns
tBTCOEN TAP controller falling edge of clock to valid enable - 10 ns
tBTCRS BSCAN test capture register setup time 8 — ns
tBTCRH BSCAN test capture register hold time 25 — ns
tguTCO BSCAN test update register, falling edge of clock to valid output — 25 ns
tBTUODIS BSCAN test update register, falling edge of clock to valid disable — 25 ns
tBTUPOEN BSCAN test update register, falling edge of clock to valid enable — 25 ns

™S ><

X

[ 1gTs —Me—— IgTH ——»
tgTcpy —Pe— tBTCPL —» < taTCP »
TCK I J
taTcoEN tatco BTCODIS
TDO Valid Data Valid Data e
T (——18TCRH
BTCRS
Data to be
captured Data Captured ><
from 11O
[ IBTUPOEN *I/ [+— tauTco —1BTUODIS
Data to be i ’
driven out | Valid Data Valid Data
to 1O
Figure 4.29. JTAG Port Timing Waveforms
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4.34. Switching Test Conditions

Figure 4.30 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage, and other test conditions are shown in Table 4.25.

—= o

Vo
R1

DUT ® Test Point
%RZ

*CLIncludes Test Fixture and Probe Capacitance

Figure 4.30. Output Test Load, LVTTL and LVCMOS Standards

Table 4.25. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition Ry R, C Timing Ref. V¢

LVTTL and other LVCMOS settings (L->H, H-> L) 0 0 OpF LVCMOS 3.3 = 1.5V —

LVCMOS 2.5 = Vcc|o/2 -

LVCMOS 1.8 = Vcc|o/2 —_

LVCMOS 1.5 = V¢eio/2 —

LVCMOS 1.2 = Vcc|o/2 -

LVCMOS 2.5 1/0 (Z -> H) 0 1IMQ | OpF Va2 —
LVCMOS 2.5 1/0 (Z -> L) IMQ | o OpF Veaio/2 Veaio
LVCMOS 2.5 1/0 (H -> 2) © 100 OpF Vo - 0.10 —
LVCMOS 2.5 1/0 (L ->2) 100 © OpF Vo +0.10 Veao

Note: Output test conditions for all other interfaces are determined by the respective standards.

4.35. sysl/O Differential Electrical Characteristics

4.35.1. Transition Reduced LVDS (TRLVDS DC Specification)

Over Recommended Operating Conditions

Symbol Description Min. Nom. Max. Units
Vceo Driver supply voltage (+/— 5%) 3.14 3.3 3.47 \Y
Vip Input differential voltage 150 — 1200 mV
Vicm Input common mode voltage 3 — 3.265

Vceo Termination supply voltage 3.14 33 3.47

RT Termination resistance (off-chip) 45 50 55 Q

Note: LA-LatticeECP3 only supports the TRLVDS receiver.
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Parameter Symbol Description Min. Typ. Max. Units
Z0 Single-ended PCB trace impedance 30 50 75 Q
RT Differential termination resistance 50 100 150 Q
Vobp Output voltage, differential, |Vop - Vom| 300 — 600 mV
Vos Output voltage, common mode, |Vop + 1 1.2 1.4 Vv

Vowml/2
AVop Change in Vgp, between Hand L — - 50 mV
AV|D Change in VQs, between H and L — — 50 mV
VTHD Input voltage, differential, VNP - VINMI 200 - 600 mV
Vem Input voltage, common mode, |V|yp + 0.3+(VTHD/2) | — 2.1-

Vinm /2 (VTHD/2)
TR, TF Output rise and fall times, 20% to 80% - - 550 ps
TopuTy Output clock duty cycle 40 - 60 %

Note: Data is for 6 mA differential current drive. Other differential driver current options are available.
4.35.3. Point-to-Point LVDS (PPLVDS)
Over Recommended Operating Conditions
Description Min. Typ. Max. Units
Output driver supply (+/- 5%) 3.14 3.3 3.47 Vv
2.25 2.5 2.75 Vv

Input differential voltage 100 — 400 mV
Input common mode voltage 0.2 — 2.3 Vv
Output differential voltage 130 — 400 mV
Output common mode voltage 0.5 0.8 14 Vv
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4.35.4. RSDS
Over Recommended Operating Conditions

Parameter Symbol Description Min. Typ. Max. Units
Vob Output voltage, differential, RT = 100 Q 100 200 600 mV
Vos Output voltage, common mode 0.5 1.2 15 \Y
IRSDS Differential driver output current 1 2 6 mA
VTHD Input voltage differential 100 — — mV
Vem Input common mode voltage 0.3 — 15 \

TR, TF Output rise and fall times, 20% to 80% — 500 — ps
TopuTy Output clock duty cycle 35 50 65 %

Note: Data is for 2 mA drive. Other differential driver current options are available.

4.36. Signal Descriptions

Signal Name | 1/0 | Description
General Purpose
P[Edge] [Row/Column Number]_[A/B] | I/O [Edge] indicates the edge of the device on which the pad is located. Valid edge

designations are L (Left), B (Bottom), R (Right), T (Top).

[Row/Column Number] indicates the PFU row or the column of the device on
which the PIC exists. When Edge is T (Top) or B (Bottom), only need to specify
Column Number. When Edge is L (Left) or R (Right), only need to specify Row
Number.

[A/B] indicates the P10 within the PIC to which the pad is connected. Some of
these user-programmable pins are shared with special function pins. These
pins, when not used as special purpose pins, can be programmed as 1/0 for
user logic. During configuration the user-programmable 1/O are tristated with
an internal pull-up resistor enabled. If any pin is not used (or not bonded to a
package pin), it is also tristated with an internal pull-up resistor enabled after
configuration.

P[Edge][Row Number]E_[A/B/C/D]

These general purpose signals are input-only pins and are located near the
PLLs.

GSRN | Global RESET signal (active low). Any I/O pin can be GSRN.

NC — No connect.

RESERVED — This pin is reserved and should not be connected to anything on the board.

GND — Ground. Dedicated pins.

Vee — Power supply pins for core logic. Dedicated pins.

Vecaux — Auxiliary power supply pin. This dedicated pin powers all the differential and
referenced input buffers.

Veciox — Dedicated power supply pins for 1/0 bank x.

Veea — SERDES, transmit, receive, PLL and reference clock buffer power supply. All
Vca supply pins must always be powered to the recommended operating
voltage range. If no SERDES channels are used, connect V¢ca to Ve,

VeerLL jLog — General purpose PLL supply pins where LOC=L (left) or R (right).

VReF1_x VREF2_x

Reference supply pins for I/0O bank x. Pre-determined pins in each bank are
assigned as Vggr inputs. When not used, they may be used as 1/0 pins.

VTTx

Power supply for on-chip termination of 1/0.

XRES!

10K Q +/-1% resistor must be connected between this pad and ground.

PLL, DLL and Clock Functions

[LOC][num]_GPLL[T, C]_IN_[index]

General Purpose PLL (GPLL) input pads: LUM, LLM, RUM, RLM, num = row from
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Signal Name 1/0 Description
center, T = true and C = complement, index A,B,C...at each side.

[LOC][num]_GPLLI[T, C]_FB_J[index] | Optional feedback GPLL input pads: LUM, LLM, RUM, RLM, num = row from
center, T = true and C = complement, index A,B,C...at each side.

[LOC]O_GDLLT_IN_[index]? 1/0 General Purpose DLL (GDLL) input pads where LOC=RUM or LUM, T is True
Complement, index is A or B.

[LOC]O_GDLLT_FB_[index]? 1/0 Optional feedback GDLL input pads where LOC=RUM or LUM, T is True
Complement, index is A or B.

PCLK[T, C][n:0]_[3:0]? 1/0 Primary Clock pads, T = true and C = complement, n per side, indexed by bank
and 0, 1, 2, 3 within bank.

[LOC]DQS[num] 1/0 DQ input/output pads: T (top), R (right), B (bottom), L (left), DQS, num = ball
function number.

[LOC]DQ[num] 1/0 DQ input/output pads: T (top), R (right), B (bottom), L (left), DQ, associated
DQS number.

Test and Programming (Dedicated Pins)

T™MS | Test Mode Select input, used to control the 1149.1 state machine. Pull-up is
enabled during configuration.

TCK | Test Clock input pin, used to clock the 1149.1 state machine. No pull-up
enabled.

TDI | Test Data in pin. Used to load data into device using 1149.1 state machine.
After power-up, this TAP port can be activated for configuration by sending
appropriate command. (Note: once a configuration port is selected it is locked.
Another configuration port cannot be selected until the power-up sequence).
Pull-up is enabled during configuration.

TDO 0 Output pin. Test Data Out pin used to shift data out of a device using 1149.1.

VCCJ — Power supply pin for JTAG Test Access Port.

Configuration Pads (Used During sysCONFIG)

CFG[2:0] | Mode pins used to specify configuration mode values latched on rising edge of
INITN. During configuration, a pull-up is enabled. These are dedicated pins.

INITN 1/0 Open Drain pin. Indicates the FPGA is ready to be configured. During
configuration, a pull-up is enabled. It is a dedicated pin.

PROGRAMN | Initiates configuration sequence when asserted low. This pin always has an
active pull-up. It is a dedicated pin.

DONE 1/0 Open Drain pin. Indicates that the configuration sequence is complete, and the
startup sequence is in progress. It is a dedicated pin.

CCLK | Input Configuration Clock for configuring an FPGA in Slave SPI, Serial, and CPU
modes. It is a dedicated pin.

MCLK 1/0 Output Configuration Clock for configuring an FPGA in SPI, SPIm, and Master
configuration modes.

BUSY/SISPI 0] Parallel configuration mode busy indicator. SPI/SPIm mode data output.

CSN/SN/OEN 1/0 Parallel configuration mode active-low chip select. Slave SPI chip select.
Parallel burst Flash output enable.

CS1IN/HOLDN/RDY | Parallel configuration mode active-low chip select. Slave SPI hold input.

WRITEN | Write enable for parallel configuration modes.

DOUT/CSON/CSSPI1N (o] Serial data output. Chip select output. SPI/SPIm mode chip select.

D[O]/SPIFASTN 1/0 sysCONFIG Port Data I/O for Parallel mode. Open drain during configuration.
sysCONFIG Port Data I/O for SPI or SPIm. When using the SPI or SPIm mode,
this pin should either be tied high or low, must not be left floating. Open drain
during configuration.

D1 1/0 Parallel configuration 1/0. Open drain during configuration.

D2 1/0 Parallel configuration 1/0. Open drain during configuration.

D3/SI 1/0 Parallel configuration 1/0. Slave SPI data input. Open drain during

configuration.
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Signal Name 1/0 Description

D4/SO 1/0 Parallel configuration 1/0. Slave SPI data output. Open drain during
configuration.

D5 1/0 Parallel configuration 1/0. Open drain during configuration.

D6/SPID1 1/0 Parallel configuration I/0. SPI/SPIm data input. Open drain during
configuration.

D7/SPIDO 1/0 Parallel configuration I/0. SPI/SPIm data input. Open drain during
configuration.

DI/CSSPION/CEN 1/0 Serial data input for slave serial mode. SPI/SPIm mode chip select.

Dedicated SERDES Signals®

PCS[Index]_HDINNm | High-speed input, negative channel m

PCS[Index] HDOUTNm 0] High-speed output, negative channel m

PCS[Index]_REFCLKN | Negative Reference Clock Input

PCS[Index]_HDINPm | High-speed input, positive channel m

PCS[Index] _HDOUTPm (0] High-speed output, positive channel m

PCS[Index]_REFCLKP

Positive Reference Clock Input

PCS[Index]_VCCOBm

Output buffer power supply, channel m (1.2 V/1.5)

PCS[Index]_VCCIBm

Input buffer power supply, channel m (1.2 V/1.5V)

Notes:

1.  When placing switching I/O around these critical pins that are designed to supply the device with the proper reference or

supply voltage, care must be given.

2. These pins are dedicated inputs or can be used as general purpose 1/0.

3. mdefines the associated channel in the quad.

4.37. PICs and DDR Data (DQ) Pins Associated with the DDR Strobe (DQS) Pin

PICs Associated with DQS Strobe | PIO Within PIC | DDR Strobe (DQS) and Data (DQ) Pins
For Left and Right Edges of the Device
P[Edge] [n-3] A DQ
B DQ
P[Edge] [n-2] A DQ
B DQ
P[Edge] [n-1] A DQ
B DQ
P[Edge] [n] A [Edge]DQSN
B DQ
P[Edge] [n+1] A DQ
B DQ
P[Edge] [n+2] A DQ
B DQ
For Top Edge of the Device
P[Edge] [n-3] A DQ
B DQ
P[Edge] [n-2] A DQ
B DQ
P[Edge] [n-1] A DQ
B DQ
P[Edge] [n] A [Edge]DQSN
B DQ
P[Edge] [n+1] A DQ
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PICs Associated with DQS Strobe PIO Within PIC DDR Strobe (DQS) and Data (DQ) Pins
B DQ

P[Edge] [n+2] A DQ
B DQ

Note: “n” is a row PIC number.

4.38. Pin Information Summary

Pin Information Summary ECP3-17EA ECP3-35EA
Pin Type 256 ftBGA | 328 484 256 ftBGA | 484 672
csBGA fpBGA fpBGA fpBGA
General Purpose Bank 0 26 20 36 26 42 48
Inputs/Outputs per Bank 1 14 10 24 14 36 36
Bank Bank 2 6 7 12 6 24 24
Bank 3 18 12 44 16 54 59
Bank 6 20 11 44 18 63 61
Bank 7 19 26 32 19 36 42
Bank 8 24 24 24 24 24 24
General Purpose Inputs | Bank O 0 0 0 0 0 0
per Bank Bank 1 0 0 0 0 0 0
Bank 2 2 2 2 2 4 4
Bank 3 0 0 0 2 4 4
Bank 6 0 0 0 2 4 4
Bank 7 4 4 4 4 4 4
Bank 8 0 0 0 0 0 0
General Purpose Out- Bank O 0 0 0 0 0 0
puts per Bank Bank 1 0 0 0 0 0 0
Bank 2 0 0 0 0 0 0
Bank 3 0 0 0 0 0 0
Bank 6 0 0 0 0 0 0
Bank 7 0 0 0 0 0 0
Bank 8 0 0 0 0 0 0
Total Single-Ended User I/O 133 116 222 133 295 310
VCC 6 16 16 6 16 32
VCCAUX 4 5 8 4 8 12
VTT 4 7 4 4 4 4
VCCA 4 6 4 4 4 8
VCCPLL 2 2 4 2 4 4
VCCIO Bank 0 2 3 2 2 2 4
Bank 1 2 3 2 2 2 4
Bank 2 2 2 2 2 2 4
Bank 3 2 3 2 2 2 4
Bank 6 2 3 2 2 2 4
Bank 7 2 3 2 2 2 4
Bank 8 1 2 2 1 2 2
VCcl) 1 1 1 1 1 1
TAP 4 4 4 4 4 4
GND, GNDIO 51 126 98 51 98 139
NC 0 0 73 0 0 96
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Pin Information Summary ECP3-17EA ECP3-35EA
Reserved* 0 0 2 0 2 2
SERDES 26 18 26 26 26 26
Miscellaneous Pins 8 8 8 8 8 8
Total Bonded Pins 256 328 484 256 484 672
Pin Type 256 ftBGA | 328 484 256 ftBGA | 484 672
csBGA fpBGA fpBGA fpBGA
Emulated Differential I/0 Bank 0 13 10 18 13 21 24
per Bank Bank 1 7 5 12 7 18 18
Bank 2 2 2 4 1 8 8
Bank 3 4 2 13 5 20 19
Bank 6 5 1 13 6 22 20
Bank 7 6 9 10 6 11 13
Bank 8 12 12 12 12 12 12
Highspeed Differential I/0 Bank 0 0 0 0 0
per Bank Bank 1 0 0 0 0
Bank 2 2 2 3 3
Bank 3 5 4 9 4 9 12
Bank 6 5 4 9 4 11 12
Bank 7 5 6 8 5 9 10
Bank 8 0 0 0 0 0 0
Total Single Ended/ Total Bank 0 26/13 20/10 36/18 26/13 42/21 48/24
Differential I/O per Bank Bank 1 14/7 10/5 24/12 14/7 36/18 36/18
Bank 2 8/4 9/4 14/7 8/4 28/14 28/14
Bank 3 18/9 12/6 44/22 18/9 58/29 63/31
Bank 6 20/10 11/5 44/22 20/10 67/33 65/32
Bank 7 23/11 30/15 36/18 23/11 40/20 46/23
Bank 8 24/12 24/12 24/12 24/12 24/12 24/12
DDR Groups Bonded per Bank 0 2 1 3 2 3 4
Bank® Bank 1 1 0 2 1 3 3
Bank 2 0 0 1 0 2 2
Bank 3 1 0 3 1 3 4
Bank 6 1 0 3 1 4 4
Bank 7 1 2 2 1 3 3
Configuration | 0 0 0 0 0 0
Bank 8
SERDES Quads 1 1 1 1 1 1
Notes:

1. These pins must remain floating on the board.
2. Some DQS groups may not support DQS-12. Refer to the device pinout (.csv) file.

4.39. Package Pinout Information

Package pinout information can be found under “Data Sheets” on the LatticeECP3 product pages on the Lattice website
at www.latticesemi.com/products/fpga/ecp3 and in the Diamond software tool. To create a pin information file from
within Diamond select Tools > Spreadsheet View or Tools >Package View; then, select File > Export and choose a type
of output file. See Diamond Help for more information.
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4.40. Thermal Management

Thermal management is recommended as part of any sound FPGA design methodology. To assess the thermal
characteristics of a system, Lattice specifies a maximum allowable junction temperature in all device data sheets.
Designers must complete a thermal analysis of their specific design to ensure that the device and package do not
exceed the junction temperature limits. Refer to the Thermal Management document to find the device/package
specific thermal values.

4.40.1. For Further Information

For further information regarding Thermal Management, refer to the following:

e  Thermal Management document

e  Power Consumption and Management for LatticeECP3 Devices (FPGA-TN-02189)

e  Power Calculator tool included with the Diamond design tool, or as a standalone download from
www.latticesemi.com/software

5. Ordering Information

5.1. LA-LatticeECP3 Part Number Description

LAE3 XXX XX— X XXXXXX X

Device Family —I_— Grade
ECP3 (LatticeECP3 FPGA + SERDES) E = Automotive
Logic Capacity —— Package
17 = 17K LUTs FT N256 =256- ball Lead-Free ftBGA
35=33K LUTs F N484 =4 84-ball Lead-Free fpBGA
F N672 =672- ball Lead-Free fpBGA
Supply Voltage MG32 8 =32 8-ball Green csBGA
EA=1.2V
Speed

-6 = Standard Power
-6L = Low Power

5.1.1. Ordering Information

LA-LatticeECP3 devices have top-side markings, for automotive grades, as shown below:

Automotive

LATTICE

LAE3-35EA
6FN672E
Datecode

Note: See PCN 05A-12 for information regarding a change to the top-side mark logo.

Products are not designed, intended or warranted to be fail-safe and are not designed, intended or warranted for use
in applications related to deployment of airbags. Further, products are not intended to be used, designed, or warranted
for use in applications that affect the control of the vehicle unless there is a fail-safe or redundancy feature and also a
warning signal to the operator of the vehicle upon failure. Use of products in such applications is fully at the risk of the
customer, subject to applicable laws and regulations governing limitations on product liability.
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5.1.1.1. LA-LatticeECP3 Devices, Green and Lead-Free Packaging
The following devices may have associated errata. Specific devices with associated errata will be notated with a

footnote.
Part Number Voltage Grade Package Pins Temp. LUT (Ks)
LAE3-17EA-6FTN256E 1.2 6 Lead-Free ftBGA 256 Auto 17
LAE3-17EA-6LFTN256E 1.2 6L Lead-Free ftBGA 256 Auto 17
LAE3-17EA-6MG328E 1.2 6 Green csBGA 328 Auto 17
LAE3-17EA-6LMG328E 1.2 6L Green csBGA 328 Auto 17
LAE3-17EA-6FN484E 1.2 6 Lead-Free fpBGA 484 Auto 17
LAE3-17EA-6LFN484E 1.2 6L Lead-Free fpBGA 484 Auto 17
LAE3-35EA-6LFTN256E 1.2 6L Lead-Free ftBGA 256 Auto 35
LAE3-35EA-6FN484E 1.2 6 Lead-Free fpBGA 484 Auto 35
LAE3-35EA-6LFN484E 1.2 6L Lead-Free fpBGA 484 Auto 35
LAE3-35EA-6FN672E 1.2 6 Lead-Free fpBGA 672 Auto 35
LAE3-35EA-6LFN672E 1.2 6L Lead-Free fpBGA 672 Auto 35
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6. Supplemental Information

6.1. For Further Information

A variety of technical notes for the LatticeECP3 family are available on the Lattice website.

e LatticeECP3 sysCONFIG Usage Guide (FPGA-TN-02192)
e LatticeECP3 SERDES/PCS Usage Guide (FPGA-TN-02190)

e LatticeECP3 syslO Usage Guide (FPGA-TN-02194)

e LatticeECP3 sysCLOCK PLL/DLL Design and Usage Guide (FPGA-TN-02191)

e LatticeECP3 Memory Usage Guide (FPGA-TN-02188)

e LatticeECP3 High-Speed I/0 Interface (FPGA-TN-02184)

e Power Consumption and Management for LatticeECP3 Devices (FPGA-TN-02189)
e  LatticeECP3 sysDSP Usage Guide (FPGA-TN-02193)

e LatticeECP3 Soft Error Detection (SED) Usage Guide (FPGA-TN-02207)

e LatticeECP3 Hardware Checklist (FPGA-TN-02183)

For further information on interface standards refer to the following websites:
e JEDEC Standards (LVTTL, LVCMOS, SSTL, HSTL): www.jedec.org
e PCl: www.pcisig.com
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
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Section Change Summary
All Updated document template.
Disclaimers Added this section.

DC and Switching Characteristics

Added Note 2 in section 4.10 sysl/O Single-Ended DC Electrical Characteristics.
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Section

Change Summary

All

Changed document status from Advance to Final.

Updated document number from DS1041 to FPGA-DS-02052.
Applied minor style and formatting changes.

Updated document template.

Ordering Information

Specified Standard Power (-6) and Low Power (-6L) for Speed.
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Change Summary

Introduction

Added AEC-Q100 Tested and Qualified feature.

Revision 1.0, June 2013
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Initial release.
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