s=sLATTICE

O/ tpu | YPuUILCH AL S

Data Sheet

FPGADS02012Versionl.9

March 2018



s LATTICE

Copyrighto 2 G A O S

/2L NABHEANMEY GGAOS { S eNORWRGAPINE KGIE NBEASNPSRO ¢KS O2yNByIiyR232ViRKBASY Vi |
AYTF2NXYEGAZ2Y O6AYyOfdzRAY3A GNI RS aSONBGazX O2LRNAIKGI |y AYWHRKE SINDAL F FSFEALE S D (312
NR IKGE | M ardBeimbtetdi#oisechis document and any informationtained therein expressly and only for bona fide ftmmmercial

evaluation of products and/or services from Lattice Semiconductor Corporation or its affiliates; and only in connectyaumlitbna fide

consideration of purchase or license of produatservices from Lattice Semiconductor Corporation or its affiliates, and only in accordance with the

terms and conditions stipulated. 2 y 6 Sy 1 a3 o0Ay 6K2fS 2NJ Ay LINIO YIFe y2d 68 NBLNRRAzOSRI R:?
F2NM &2 Nlye YSt yaz SEOSLII 6AGK G(GKS LINA2Z2NI 6NRYRBYAGEBNYEFEAARYGSF [ I 8 (02 BB ¢

grz2tlGAaz2y 2F FSRSNIE f1 6 &dz02S8S004 G2 ONRYAYLtF GNyRS ORI LISTI fGHING S/R30F S NFdz
Lldzo f AOf &8 RAALI &Y RAAGNAOGOMzIS 2NJ 20KSNBAAS YI1S (KBAGSNNKANENER &2 | B &3 N
SY3AYSSNE RAA&laasSYot Sz 2N RSOXGUMBH6S dkyR [RIGMOS AN Y202 RMzONZRAS / LINELEANG SiR
KSasS LISN¥A&aaAazya FyR NBldzANB G(KS RSadNHOGA2Y 2NJ NBadNYyReRFNF RBEBGF R | £ ¢

Patents
¢KS adz2SOG YFGGSNI RSAONROSR KSNBAY YIFe O2yidlAy 2yS 2N YAOND/ RdyQAIRYNI A 2 v &
/ 2NLI2 Ny RN Y Ga FFTFALAIGSao®

Trademark Acknowledgment

[FGGAOS { SYAO2 VRIS ND I/ (Rdxdd BINKYASIBRFEYY RLKE I3BAt A 02y *EYHRS Lgaezuamﬁutmzmz
LyadlSNBAWIH WY EX H8KS 5{ AYLIX & 15 2325 {AYLXl& [loans (GKS {AYLXlI& [loa&

f NI DAIusS (KS RSYT N A 2 NO NBAAIGNBS NBNR GNF RSYF Ny & 2F [ FHYRAMIS? ({kKSSMNO2 Yy RdzO (i 2
O2dzy I NAES &R I0KSBL | 5aLBEFAFAGALGK BHABAYSRAIFI LYGSNFFOS FNB GNI}RSYIFINJ & 2NJ I
tAOSYyaSI FARY[AOSYyaAyds [[/ @ Ay (KSyR ylhKi$ Ra I{ [( | (2532 ST yRWU KNG XN2FI0 NBNGE & Na
2N NBIAAGSNBR GNI}IRSYINJ & 2F2 YR | NB draySENI d2yliRSINI f ASCHSHHABN KFaNDE2 YATNISES {453 | [5] /
2325 4RI BKS 2A15 £232 FNB G(NIRSYFNLAZ NBIAAGSNBR (NI RSYIANBaE 2N & SNIBIAC
I 5aL [AOSyaay3as [[/T al[x [[/T {AYLXI & NANS&a 32 ¥ [[/FT GrAgCRLIZNT YERGZYY RdyGdid®2 NI NB

Ptf 20KSNI GNFRSYENL & YR NBIAZGSNBR GNIRSYINJA I NB G(KNBSAMPLIRRNIEBOASY ORS
NI RSYIFN] &deyvyoz2t R2S&a ydBYADRyRMORENDE 4INE BRSNIF NI &[] 120NG RGKSNI Ay G St t SOG dzb
YIEYST 232 2N at23Fyo

Export Controlled Document

¢KA&a R20dzySyd O2yttAya YHGSNRFta GKEG FNB adoeSo0Giaz (K KBRA®f Dy B E LSRR N
troa LyR NBIdA I GA2ya 602tfS00A0Ste G9ELRNL [ §aSaal ZRKBNSAGS dzalAR2NE( &
2FFAOSNI 2F [ GGAOS {SYAO2YyRdzOG2NJ ENNJ_JQNE;MDgyﬂyA¢SRuK$B$A¢KﬁﬁuRyoézvsgu
ydzOf S NE 6A2f23A0Ff 2NJ OKSYAOIf 46SILIRyas 2N YHBELRINGS leuafuxsm%x%sstmmé
' GKANR LI NlI& ¢K2 ARYPYR2GYR 2Ny ANBRILISONBR iz &0t SI NE 6A2f 23A0Ff 2N OKSY
6SIHLRyar 2N (2 Fyé &aloyOliAaz2ySR LISNER2ya 2N SydAaAdaAasa

Further Information
To request other matgr[als, documentation, and information, contact your loattice Semiconductor sales office or visit the Lattice Semiconductor
websiteatg 6 4 P U 0 ADCORAYS Y A

Disclaimers

¢l§§é§AYI- GSNRI €t a
60SELINBaaz

3

y |y orl{ LQSaoR&ﬁéCDI[\Vdﬁl\ééNSémﬁéSyédzéﬁa
N i}

|.

AYLX ASR aid : J2UKSENBAE&SOS AyOt 8R4y B2 BHAI IR KYi A DA B BRL
FYRk2INY TRYYISYSy G 2 F Fd KA MR NNE NI 3 SHIRHRGN & T WERR oty | 275 SO 2 N2 NJ GNF RST YR
AYT2NNIEGAZ2ZY 2N NBadzZ G6a LINPJARSR AyYyZ 2N GKFEG Y@ oﬁJﬂEIOUUSZ}\yESl\H LINERRYdzQiS 4 12
2d2i02YSad [FGGAOS {SYAO2YRdZOG2NI / 2NLRNY GA2Y YR A@yak AYA (GKISESE YH &iBdRS
YE1Sa y2 O2YYAUGYSyd 2N 6F NNIyde (2 O2NNBOG | yWarl&ide@K ONRNHINE yBN A WA dEKISH)E
F'yR SELINB&aafe RA&AOfFAYA FEff RANBOGE AyR;\NS()uz aL ‘ov\h:tri P\y&)KR'Stylurhkﬂ kOB Yy
2F LINPFAGA FNRAAY3I 2dzi 2F 2MdeNO G ACROYSEA ali Hi128y d2ang y2eNd AdyHG1SSNALINGS-Gak SiRk 22y 2GFKES O
{SYAO02yRdzO0G 2N / 2NLIE2 N} A2y yR Ada FFFAfAIGSa NBaSNDS YIIKBS WRIFKES [oARI KR,
RSt SGUST | yNR2BITORKKASAYTF2NNI A2y D

Products and Services
RS

¢KS LINPRdzOGA FyR aSNWAOSa AONRAGSR Ay (KSaXK2w ( §NA«2tNG SLINBYRRIZOH(yae LINBHISANR
{ SYAO02yRdzOG2NI / 2 NLIZ NI (A 2y2y yaRIk{2 NI {A&l a0 H &FAFAT AS HIGSLIG NB2 LINDASREBRSYy i GKI G [
FFFAEALGSE LINB DA Y FLILX AOF0ES sNRAGGSY fAYAGSR al2NN y2i®e {AyE SA & Ra {15/

RSa |
2NJ AGa A200hkoSNS FELOWEY R NR F2NY | ANBSYSydasz Ay ¢gKAOK OF &S adzOKASAYAGSR g1 NJ

6SELINBa&s adFddzi2a2NBES 2NJ AYLXE ASRG® LY -9/ t9¢ LCHvb 5{ !/ /¢Ih w[ L ehiwet hSM! BSe atb] P b5 L ¢ {
WOt w9{9b¢! ¢Lhb{ ! b5 2! ww!be¢LI9{ 069-tw9{{> Lat[L95% {¢!¢! ¢hw, hw he¢l 9w2L
Ybh#hz 1 b5 twh5!/¢{ twh+L595 ., [!¢¢L/9 {9aL/hb5!/ ¢hw /hwthw! ¢Lhb ! b5k
La[L95 2! ww!b¢L9{ hC a9w/I!b¢!.L[LC,S CL&EHTWLbDMOva b ¢t 'hvdt Le/I I L[wW5w tt! wet, h {wd
!/ Ybh2[95D9 1 b5 | DWO9 ¢ll¢ {|/| LbEhwal®5hhwhEwe/ 9{%959NEDbODDY BN LL
alb!Cl'/ €Chwo93 {9 hw wo{![9 Lb {,{¢9a{ 219w9 ¢19 CIL[!w9% a![C!b/¢LhbX huv
591 ¢1 hw {9wLh hsL[, wa: wW,> Lb/[!5LbDSX bhe¢ [LaL¢95b&hs | {9 Lb
K v

—

|

e
59Dw99 hC the¢9beL![ 1! %l w5
w

I w
t 9 wa@hhwaz! B/9Y LDD {¢ Ihow L{ OGhtvia !9¢{L

b /hb/ 9wbLbD

{ .hs 5Lb
ha¢ 1 9w {,{¢9a{ 2L¢I ! {Lal
bet ¢Lh ¢19
/ GbS{L S LtDYadf

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/

=LATTICE

Contents
PaNo o] )Y/ 0 4TSS TN N 1T o Yo 0 41 | PSSR 9
I €T =T = Tl DT Yol ] o] (o) o PO PP PP PPTPPTURPI 10
1.1. T L0 £SO P PSP TP TR PT PR 10
D N (o] 11 (=T ox (1 PRSP 12
2.1. (@Y= 1 AT 12
2.2. L U 2] o Tox TP PRI 13
D20 e B S 1o T TSP PURP PRSP PTR 14
P I [0 To [ SR o)l @) o 1= = T o PR TP PR 17
2.3, 011 1] T PSPPI 18
2.4. ClOCKING SEMUCTUIE. ...ttt ettt e et e e ettt e e e ek b et e e e ekt re e e e e e anb b e e e e e anbb e e e e e e nnbreeeeeennes 18
28,1, SYSCLOCK PLL ...ttt ettt e bttt e e ekt e e e s b e et e e e e a b e e e e e b et e e e e nre e e e e e nres 18
2.5. Clock DiStriDULION NEEWOTK. .......eeeiiiiieeiie ittt e et e e e e e e s et e et e e aeeaeeeeseaannnrnreeeeeeas 19
P I = 1110 T= 1V O (o Tod TSR RPPPPPR 20
T o o =T [ Yo e RSP 21
2.6. CIOCK DIVIAEIS. ...ttt ettt e e e e e et e e e et e e e e ekt e e s e aan e e e e e anre e e e e e e nnneeeeennes 22
2.7. (DI B I O PP EP PR PRSP 23
2.8. SYSIMEM MEBIMOTY.....eeii i e e e e e e e e et e et e et e s e s e e e e e e e e s e e eneeeeeees 24
2.8.1.  SYSMEM MEMOIY BIOCK .......ciiiiiiiiiiiiiitiiee ettt e ettt e e e st e e e e e sbbe e e e e s sabbeeeeeanes 24
2.8.2.  BUS SizZ8 MAECHING...cci ittt ettt e e s s et b e e e e an et e e e e nb b e e e e e enneee 25
2.8.3. RAM Initialization and ROM OPEIatiOn...........ccuuriieiiuiiieiee ittt senneeeees 25
2.8, MEMOIY CASCAUING. ... ettieeeeeiiiiitttt ettt e e e e e ettt et e et e e e e e e e s s s e e bbb bb e e et e aaaeesaasaaannnbbebneeeaeaeeeeaaannnne 25
2.8.5. Single, Dual and PsgorDual POrt MOAES.............oooiiiiiiieeieicce s 25
2.8.6. MeEMOIY COrE RESEL.....coiiiiiiiiiiiiieit oo e e e e e et e e e e e e bbb a s e e e e e e e e eaeeeeneeeeeeeeenenennnnnnan 26
2.9. AR AL {1t ML L A O et tens 26
2.9.1. sysDSP Slice Approach Camgal t0 General DSP..........ccueiiiiiiiiiiiee e 26
2.9.2. SySDSP Slice ArChiteCture FEAIUIES.........uviiiiiiiiiie ettt a e s 27
2.10.  Programmable [/O CelIS........ooii ittt e s enees 30
P28 T = [ U U TP PUPRPPRRTPUPPPPII 32
2.11.1. INPUL REGISTET BIOCK. ...ttt r e e e e e e e e e e e e b e e e eeees 32
2.11.2. OUtpUt REQGISLEN BIOCK.....cii ittt e e e e e e e e e as 33
212, Tristate ReQISIEr BIOCK .......coo ettt e e e e e s e e e e e e e e e e e e nnannene 34
213, DDR MEMOIY SUPPOKL. ..t iiiiititte ettt e ettt e e e e e e e e e e s e e et e e e e e e e s e s aa b n e e e et e e e e e e s e s snnnnnnnes 35
2.13.1. DQS Grouping fOr DDR MEMIOIY.....cciiiiutiiiieiiiiiiee ettt e ettt et e e s st e e s s sabbe e e e s aebaeeeeeeannreas 35
2.13.2, DLL Calibrated DQS Delay and Control Block (DQSBUR).........ccuuvtiiiiiiiiieiiiiece e 36
214, SYSHO BUTTBE ...ttt e oottt et e e e e e e e e e bbbt e e e e e e e e e e e e e e e anaabee e 38
2.14.1. SYSI/O BUIFEE BANKS......eeeeiiiiieii ittt e et e e e e e e e s e s bt eeeeaeee e e s 38
2.14.2. Typical sysl/O /O Behavior during POMEY.............uiiiiiaiaiiiiiiiei e ee e e e e e e e e aieees 39
2.14.3, Supported SYSI/O StaNUAIAS..........oovvviiiiiiee e e e e e e e e e e 39
2.14.4, On-ChipProgrammable TerMINALIOL..........uiiiiieee i e e e e e e s e s eeeeeeeesd 40
2.145. HOE SOCKEEING. ...ttt ettt e e s st e e s s bbbt e e s bbb e e e s annnneeas 40
2.15. SERDES and Physical CodiNg SUDIAYET............ccoiiiiiiiie ittt 41
2151, SEBRES BIOCK ... .etiiiiieiitiie ettt b e b e e e anr e 43
2.15.2, L O S TP P PP P P OPPTOVPPPUPPOP 43
2.15.3, SERDES Client INTErface BLS........c.uuiiiiiiiiiiiee ettt e e e e e e e as 44
2.16. Flexible Dual SERDES ArChiteCIULE.........uuiiiiiiiieiiiei e nvesneeneeeee e A
2.17. |EEE 1149:Compliant Boundary Scan TeStability............ccooiiiiiiiiiiiiiiie e 44
2.18.  DeVvice CONfIQUIALION.......ccciiiiiiiieiiiieiee ettt e e e e st ee e e s sneeeeeessnnneeeeesnnnneeeessnnneneeesnn DD
2.18.1. Enhanced Configuration OPLIONS........ccoiiiiiiii it aee e e 45
2.18.2. Single Event UpSet (SEU) SUPPOLL.....ccoi ittt ee e 45
2.18.3. ONFCNIP OSCIIALO. ...ttt et et e e e s e b e e e e e ennb e e s e ennes 46
219, DENSILY SHItING. ... eeeiieiitieie ittt s e e e et e e s e e n e e e 46
3. DC and Switching CharaCteriStCS. .........uuviiiiiiiiiieeiiiiei e e e e s e e s esnneeee e BT

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal

5.

= LATTICE

3.1. Absolute Maximum RAINGS.......cuvviiiiiiiiiie ittt srreee e s snnneeesssnssneeeessnnnseeessnnnnee s Z00
3.2. Recommended Operating CONAItIANS .........oiiuuiiieiiiiiieee et s st e e s s sbbe e e e s s enreeeeeeaneees 47
3.3. Power SUPLY RAMP RALES.....cooiiiiiiii ettt et e e e e bt e e e s et re e e e e annreeas 48
3.4. POWEFOMNRESEL VOIAGE LEVEILS...... ..ttt e e e e 48
3.5. POWET UD SEOUEBINCE. ....ceiiiieiiiiii ettt e e e e e e ettt e e et e e e e s s bbb e et e e e e e e e na s s sannns 48
3.6. Hot Socketing SPeCIfiCatiONS.........ccoiiiiiiiiiiiiii e e A8
3.7. Hot Socketing REQUIFEMENES........coiiiiiiiiie ittt srree e e s snree e e snnteeeesssnreeeeessnneeessnnnneees A0
3.8. ESD PeITOIMMEBINCE. ...ttt ettt et e e e e e s e e bbb e et e e et e e aeeeeaaaanbbbbr e e e e eaeaaneeesananne 49
39. DC Electrical CharaCteriStECS .........vvveeeiiiiiieeeiiiiiee e ssiiiee e e s siiee e e s ssiiee e e e s snbeeeeessnnneeesssssneneessnnnneeessnnnen 40
3.10.  SUPPIY CUITENE (STANADY)....eeiiiiiiiiiee ittt e e s e e s st e e e s s b e e e s e ssbeeeeeenbbeeeeeannreeas 50
3.11. SERDES Power SUPPly REQUITEMBRALS. ........ciiiieiieiesieesie et ste et esie et sreenaesreenaesnaesneenees 51
3.12.  syd/O Recommended Operating CONAItiONS..........cooiiiiiiieiiiiiiiee ettt e et e e sbre e e e s saae 53
3.13.  sysl/O SingkEnded DC Electrical CharaCteriSHES . .. ...ivviiieiiiiiiiee ettt 54
3.14. sysl/O Differential Electrical CharaCteriStCS. ... .uuuuiiiieeiieiiiiiiiiiieeee e re e e e s s e e e e e e e e s s s e e eeees 55
3.14.1, LY PSRRI 55
3.14.2, TS 60 J PP 55
3.14.3, (Y0 (@ 1S3 2 | SRR PRR 55
3.14.4. LY 5 1 52 =P 56
3.14.5. [ IV I 1S 22 P 57
3.14.6. LY o O G 1 USSP 58
3.14.7. Y 3 1S 7 USSP 59
3.14.8. ST R PRSPPSO 60
3.15. Typical Building BIoCk FUNCLION PerfOrManCe.......uuu i i et st e e e e e e e e e e e e aaaeeaens 61
3.16.  Derating TimiNg TabIES......ccoo it e e e e e e s e re e e e e e e e e e s e e snned 62
3.17. Maximum /O BUFfEISPEEM.. .........ueiiiiiiiii ettt e et e e s annneee s 63
3.18.  External SWitChing CharaCteriStICS.........uuuiiiiiiiiiieiaiiiie ettt e s e s eenes 64
3.19.  SYSCLOCK PLL TiMUNG...tttttiiiiiiieee it e sttt e st e e s sinseeeesssneeeesssnnneeeessnnnneeessnsnneeessnsnnnneesd L
3.20. SERDES HiBPpeed Data TranSIMILIEL..........uuiiieiiiiiiee e ettt e ettt e ettt e e s st e e et e e e s sbbeeeesssnbreeeeeans 72
3.21. SERDEBCS BIOCK LAtENCY......ccceeiiieieiieeeeeeeee s s st s s e e e e e e e e et et e e e e e e e e et s s s e e e e e e e e aeaaaaaaaeees 13
3.22. SERDES Higlpeed Data RECEIVEL.........cccoi i st e e e e e e e ee e eeeesesssssrnnnsnnnnnnnsenenenaenanens kD
3.23.  INPUL DAta JILEr TOIEIANCE. ... ...cc o e i r e e e e e e et et e e e et e e e e e e et e e e e e e e e e e e aeaaaaaaaeees 14
3.24. SERDES External Reference ClOCK. ..........uuiiiiiiiiiii it e e e e e e e e e 75
3.25. PCI Express Electrical and Timing CharacterisStiCS............uviiiiiiiiiieiiiiiiie e siieeee o D
3.25.1. PCle (2.5 Gb/s) AC and DC CharaCteriSHCS ... ....uuueiiuiriiaee ittt 76
3.25.2. PCle (5 Gb/g) Preliminary AC and DC CharacteriStiCs.........ccuuvriiiiiiiiee e e e ee s 77
3.26. CPRI LV2 E.48 Electrical and Timing Characteq®Ietiminary............cocuuviiiiiiiiiieeee e 79
3.27. XAUI/CPRI LV E.30 Electrical and Timing CharacteristiCS.........c.ooiiuiumriiiiiiiiiiee e 80
3.27.1. AC aNd DC CRaraCteriSHCS........uuuetieiiieiieeeieee ettt e e e e et e e e e e e e s s s bbbt reebeeeeeeaeeesaaaanns 80
3.28. CPRI LV E.24/SGMII(2.5Gbps) Electrical and Timing CharacteristiCs.............eeverveiieiiiiiiiiiiiiiiieeeenn. 80
3.28.1. P O3= T o B IO @ F= = T =] 1S 1o PPRESR 80
3.29. Gigabit Ethernet/SGMII(1.25Gbps)/CPRI LV E.12 Electrical and Timing Characteristics.................. 81
3.29.1. AC and DC CharaCteriStiCS.......uuuuueiiiiiiieeeeieeieesieieeee e e e e e s e s s st eeeeraeaeeeessasnsesernnneeeeeeaeeeaeaannns 81
3.30. SMPTE SD/HBDI/3GSDI (Serial Digital Interface) Electrical and Tir@inaracteristics...............cccvvvveee. 82
3.30.1. AC aNd DC CRaraCteriSHCS. ... ..uuvereeiiiiieeeeieee ittt e e e et a e e e e e e s s s bbbt reebeeeeeaaeeesaaaanes 82
3.31. SysCONFIG Port Timing SPeCifiCatiQIIS..........ooiiiiiiiiiiiieiiiiie et a e e e e e e e 83
3.32.  JTAG Port Timing SPECIfICALIONS. .......ciiurreireiiiiieee ettt re e e s snre e e e s eenes 88
3.33.  SWILChINGTESE CONUILIONS ...ciiiiiiiiie ittt e sttt e e e st bttt e e s raeb e e e s annbbeeessnnneeeeaan 89
L o 10 L0 1 0 =V PR 91
4.1. S [o gt Tl D= 2STod ] o] 1 o] o - RPTOTUPRPPPRPPRP 91
4.2. PICs and DDR Data (DQ) Pins Associated with the DDR Strobe (DQS).Pin......cccccccveveeeeiiiiiiiinen, 4
4.3. Pin INFOrMALION SUMMIBIY. .....eiiiiiiiiiee ettt e e et e et e e e st et e e e e s br e e e s e nabr e e e e e nanre s 94
4,31, LFESBUM/LFESUNMEG......ccciitiiiie ettt e ettt sttt e ettt e e e e st e e e s staa e e e s snseaeaaaesnssseeaesassaneaesannsaenenns 94
O T I | 1 U RSP SPRRR 96
@170 [T qToTo I o) o] g1 T 1T ] A PRSP 97

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal

2] ATTICE 9/ tpu yYPu9/LCH YAL R

Data Sheet

5.1. ECP5/ECPHG Part NUMDEDESCHPLON. ......ciiiiiiiiie ittt et 97
5.2. Ordering Part NUMDEIS ......iiuviiiie it setie ettt e e st e e e s st b e e e e s snbbeeeeesaabbeeeeesasbaeeeessnbeeeeeenannen 98
L0 B @0 o ¢ 0= o =1 USSP 98
0 [T [ 1S3 - | TR 100

10 o] o] (=T o l=T gl e T ] o] 0 =1 (o] o N PP P PP PPTP PPN 102
FOr FUMNEr INFOIMALION. ... .eeiiiiie ettt e e e e e ettt et e e e e e ae e e s e e s nntebbeeeeeeeaaeaeeesesannnnes 102
LAY T[0T T 11 (] Y SRR 103

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnethtticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiofosraation herein are subject to change without notice.

FPGADS020121.9 5


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 2.1. Simplified Block Diagram, LFESUM/LFEStBER@vice (Top Level).......ccccoviviiiiiiieececeeee e 13
FIGUIE 2.2. PFU DIAGIAM......etiiiieiiiieee ettt ettt e sttt e e sk et e e s aa ke e et e e 4 abe s et e e s aabe et e e e s sbe e e e e s e nnbn e e e e sannneeeas 14
(o [U (R R B ot DI T- To | = 11 PO PO OO P PO UPPPTPPPPPP 15
Figure 2.4. Connectivity Supporting LUT5, LUT6, LUT7, and LUTS8........cuuiiiiiiiiiie e 16
Figure 2.5. General PUIrPOSE PLL DIAGLAIMN.......ccciiiiiiiiei ittt ettt e e et e e s st e e e s anbe e e e e eenee 18
Figure 2.6. LFESUM/LFESUMBESCIOCKING.........vteiiieeiiiieirieee st sree e ssmne e s s e essnre e e snnreesnnneeennnees 20
T 0T R O STV o= (0] o =PRI 21
Figure 2.8. Edge CIOCK SOUICES PEI BAIK ........ccciiiiiiiiiiiiiiie e e e e e e s s te e e e e e e e e e s s st e e e e e e e aeeesesannnnnenaeeees 22
Figure 2.9. ECP5/EGCEG ClIOCK DIVIAEI SOUICES. . .uuiiiiiieeeiiiiiiiiiieiteeee e e e e e et st ssteaaeeseeeseeeeassssssssrsterereeeaaaaesssanannns 22
Figure 2.10. DDRDELUNCHONAI DIGIAIM. ....cciiitiiiieeiiiiee ettt e e et e e e snb e e e e s anbe e e e e eenee 23
Figure 2.11. ECP5/ECHG DLL Top Level View (FOr-AFENA LEBS)........ccuvviiiiiiiiiieeiieeee e 24
FIgure 2.12. MemOTY COME RESEL.......uiiiiiiiiiiie ettt ettt e e e et e e e et b et e e e e s nr et e e e st be e e e e e aabr e e e e e anrreas 26
Figue 2.13. Comparison of General DSP and ECP5EERBProaches..........ooocciviiiiiiiiieee e 27
Figure 2.14. Simplified sysDSP Slice BIOCK DIQQIaML.........ccooiiiiiuiiiiiiiiiie e e e ssceeeee s e e e e e e e e s snnraran e e e eeeeaaeeeas 28
Figure 2.15. Detailed SySDSP SliCE DIaQraml.........ccooiiiiiiiiieeii s e e e e e e e e e e et s e s e e e aaaaaaaaaeees 29
Figure 2.16. Group of Four Programmable I/O Cells on Left/Right. Sides.............ovvviiiiiiiiiiii e, 31
Figure 2.17. lput Register Block for PIO on Top Side of the DeVICE.........occuveiiiiiiiiiie e 32
Figure 2.18. Input Register Block for PIO on Left and Right Side M@ D............coooviiiiiiiiiiii e 32
Figure 2.19. Output Register BIOCK 0N TOP SIAE.........uuiiiiiiiiiiiee et 33
Figure2.20. Output Register Block on Left and Right SIAeS............uviiiiiiiiieiiii e 34
Figure 2.21. Tristate Register BIOCK 0N TOP.SIAE........oi i e e e e eeas 34
Figure 2.22. Tristate Register Block on Left and RIght.SIdES.......uuuiiiiiiii e 35
Figure 2.23. DQS Grouping on the Left and RIght EQQES......cccoii i e e e e e e e ae e e 36
Figure 2.24. DQS Control and Delay BIOCk (DQSBUE)........cciiiiiiiiiiriiiiiiie ettt e e 37
Figure 2.25. ECP5/ECB& DeVvice Family BANKS..........coouuiiiiiiiiieie ittt 38
Figure 2.26. OICNIP TeIMINALION. .....coiiiiiiiei ettt e e ettt e e st bt e e e st b e e e e e s e st baeeeessnbbeeeesanbneeeeesssd 40
Figure 2.27. SERDES/PCS Duals (LFESUM/LFEBBIMSG.........cuiiiiiiiiiieiiee et e s ee e e e e e e 42
Figure 2.28. Simplified Channel Block Diagram for SERDES/PCS. BIQCK.............oovrrriiiiiiiiicicceir e 43
Figure 3.1. LVDS25E Output Termination EXaMPLE...........coooiiiiiiiieeeee e e e e e e e e e e e e e e e e ee e 56
Figure 3.2. BLVDS25 Mydthint QUIPUL EXAMPIE........cooiiiiieieieiceee s e e e e e e e e e e e 57
Figure3.3. Differential LV PECL33E..... oo s s e e e e e e e e e e e e et et et e e e aeaeeeteaa s e e seseseaaaaaaaaaaaannnens 58
Figure 3.4. MLVDS25 (Multipoint Low Voltage Differential Signaling).........cccccovviiiieiieiiiiiiee e 59
FIGUIE 3.5, SLVS INEEITACE ...ttt ettt e e s st e e e e b bt e e e e abb e e e e s aabb e e e e e enees 60
Figure 3.6. Receiver RX.CLK.Centered WavefOrmS........oouuiiii ittt reeeee e 68
Figure 3.7. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms.............cccevvveveeeveiiiviivicne e 68
Figure 3.8. Transmit TX.CLK.Centered and DDR Memory Output Wavefarms............cccoevvvviiiiciiciiiiie e, 68
Figure 3.9. Transmit TX.CLK.Aligned WavefOrmlS...........cooo i s s e e e e e e e e e 69
Figure3.10. DDRX71 Video Timing WaVefOIMS.........uuuuiiiiiiiiieieeee e e eeeee e ceeeeeeeeevevatsss s se s e s s e neeeeaeaaeaeennnnnssnnnnns 69
Figure 3.11. Receiver DDRX71_RX WaAVETQIMIS. ......coiiiiiiiii ittt e e e 70
Figure 3.12. Transmitter DDRX71_TX WaVETOIMIS.........oiiiiiiiiiiiiiiiiie ettt 70
Figure 3.13. Transmitter and Receiver Latency BIOCK DIaQram............ueieiiiuiiiie it 73
Figure 3.14. SERDES External Reference Clock WavefQrmsS.........cccooooiiiiiiiiiiiiieeers e 75
Figure 3.15. sysCONFIG Parallel Port Read. CYClIe........cco o s e e e 84
Figure 3.16. sSySCONFIG Parallel POrt WIte CYCI. ......ooi ittt e e e e 85
Figure 3.17. sSySCONFIG Slave Serial POrt TIMULG .......ueeiiieaaaiiiaiiiiiie e a e e e e senbebreeseeeeeaaeed 85
Figue 3.18. POWEONHRESEt (POR) TIMINQ....citeieiieiiiiiieee ittt ettt et e ettt e e e sebee e e e s smbbeeee e sanbeeeeessnbeeeeeeans 86
Figure 3.19. SYSCONFIG POt TIMIIG ......veeeeeeitiiiie ettt e s st e e sttt e e s sebb e e e e s anbeeeaeesnnbeeeeesnnneeeaenas 86
Figure 3.20. Configuration from PROGRAMN TiMING........uetiiiiiiiiiiee ittt e e et e et ee e sereeeae s anes 87
FIGUIe 3.21. WakBIP TIMING ...ccoi ittt ettt e ettt e e e sttt e e e s sabe et e e e saba e e e e e e bbeeeeesanbbeeeessnbeneeeenan 87
Figure 3.22. Master SP1 Configuration WaVefOrLS...........ooaiiiiiiie et e e e e e 88
Figure 3.23. JTAG Port Timing WaVEeTOIMIS ........ccuii ittt e e e e e e e e e s e e seeebeeeees 89
Figure3.24. Output Test Load, LVTTL and LVCMOS StandardsS..........coeeiiriiiiiiiiiiiiiieee e eeeeiiiiieieeee e e e 89

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

Tables

Table 1.1. ECP5 and EGRBFamily SEIECHON GUIAE.........cccoiii it r e e e e e e e e r e e e e e e ee e e 11
Table 2.1. Resources and Modes Available Per.SlICE.........ocuuiiii e 14
Table 2.2. Slice SigNal DESCIIPLIONS. ... ..utie ettt e e e et e e e et b e e e e e e s anr b et e e e abbe e e e e e anbreeeeennnes 16
Table 2.3. Number of Slices Required to Implement DIEBTRAM...........cooooiiiiiiiie e 17
Table 2.4. PLL BIOCKS Signal DESCHIPLIONS. .....ciiuutiiieiitieiete ettt e sttt sttt sibe e e e st e e e sbbne e e e e s annbeeeesannneeeas 19
Table 2.5. DDRDLL POIS LISL.....cciiiiiiiiie ittt ettt n e s nmn e e s e e ssn e e e snre e e snne e e s anneeennnes 23
Table 2.6. SYSMEM BIOCK CONfIQUIALIONS. ......uuiiiiiiee et e e s ee e e e e e e e e s s st ae e e e e e eeaaeeeesaannnnnnnneees 25
Table 2.7. Maxiium Number of EIEMENtS iN & SHCE.......ccooviiiiiieiiee e 30
I 1o (07 S I T o 10 o = (o Yo S o T A D= Yox o 1T o S 33
Table 2.9. Output BIOCK POrt DESCHPLQI.........uiiiiei ittt e et e e e e st e e e s abneeeeeaae 34
Table 2.10. Tristate BIOCK POrt DESCHIPLON. .........uiiiiiiiiit ettt e e st e s aanb e e e e s annneeee s 35
Table 2.1. DQSBUF POIt LiSt DESCIIPLON. ......etieiiiiiiee ettt ettt e ettt e et e et e e e e et e e e e e ssnre e e e e s anbeeeesenenes 37
Table 2.12. O«€Chip Termination Options for INPUL MOOES........cccceeiiiiiiiiiiiiiiiireceee e cccsiiereeeeeeeee e e e e sesnnneeneeeen 40
Table 2.13. LFESUM/LFE5UMS5G SERDES Standard SUPPOIL.......coviiiiieeiiiiiieeesiiiieeeessiieeee s sineeeessnineeeee s 42
Table 2.14. Available SERDES Duals per LFESUM/LFESUMSG.DENICES........uuuuiiiieiiiiieeeeeeeeeieceveeeeeeeaeaiiian 43
Table 2.15. LFESUM/LFESUMSG Mixed ProtOCOl SUPPOLIL.......ooviiiieeeeeeeeieisi e s e e e e e e e e e e e e e e e e 44
Table 2.16. Selectable Master Clock (MCLK) Frequencies duringu€@idin (Nominal)...........ccocceveeinniienneennnnn. 46
Table 3.1. Absolute Maximum RALNGS........ccooiuiiiiiiiiiiiieei et sirree e s sineeeeessnneeeeesssnnneeeessnneeees s 20T
Table 3.2. Recommended Operating CONAILIONS. ........cooiiiiiiiii i sb e e s aibeeee e s 47
Table 3.3Power SUPPIY RAMP RALIES......ccoiiiiiiiii ittt e ettt e e e e st e e s e sabb e e e e e annneas 48
Table 3.4. POWEDNRESEt VOIAGE LEVEIS......cccoeeeeeeeieiiiiceis st s s e s e e e e e e e e e eeeeeeeeeeaees 48
Table 3.5. Hot Socketing SPeCIfiCAtIONS. ... ...uuiiiiiii e e e e e e e A8
Table 3.6HOt SOCKEING REQUIFEIMENLS. .....iiiiiieiieiiiiieii e ee e e e s e e e e e e e e e e e e et e e e e e eee e e s s s s e seseaseeeaeeeeeeeesensessnnnsd 49
Table 3.7. DC Electrical CharaCteriSLCS ... .uuuiiiiieeiiiiiiiiiiiiiieiiee e e e e e sesiiianeeeeeeeeeeesesessnneneneesnneeseeessssnnssnnseseeeess 49
Table 3.8. ECP5/ECPG Supply Current (StandRY)..........oooiiiiiiieiiiiie e 50
QLI 0 L= TR L@ = 1 PP UPRUPR 51
LI 0 L= 00 O R = 1 .5 OSSR 52
Table 3.11. sysl/O Recommended Operating CONAILIONS. ........uuuuuiiiiiieereeeeeeeeerer e n e e e e e e e 53
Table 3.12. SINGHENAED DC CharaCteriStiCS. . .uuuuuuuruiiiiieie i e eee e e et e e et e s e e e e e e e e aeaaaeeeeeeesseereanrarnnnnas 54
QLI L] [T 0 TR Y 1 SRR PSS 55
Table 3.14. LVDS25E DC CONAILIONS . .....ciiutteiieiiitmeeeeeiiiietee st e st e st e e s st e e s assnre e e e s s re e e e s sanreeeesaennes 56
Table 3.15. BLVDS25 DC CONAILIONS. ... ..uuiiiiiiiiieeeeees e s cieiietie et e e e e e e s s s sae e eeeeeeaeaeeesssasnsseanaaeaeeeeaeeeaesannnnnsennneees 57
Table 3.16. LVPEGLBC CONUItIONS.......uuuuiiiiiiiieeeeesiiaieieiieieeeeeeeeesssssesaaasteeeeeeeeaeaesssaansssseanneeeeeeeeessssannssssnneeens 58
Table 3.17. MLVDS25 DC CONAILIQNS.......ueeiiiiieeeeesiieiiieiieiieeeeeeeeesssssiaaaeteeeeeeeeaeeesssssnnsssenaneeeeaeeeeesesaassnseneeeens 59
Table 3.18. INPULTO SLV/S.. ...ttt e e e e e e e e e e e e eeeaeee et eeeaasetetatetnss e eeeaeaaeaaeeeeees 60
Table 3.19. PHIO-PiN PerfOrMaNCE.........ooiiiiieiie et e s 61
Table 3.20. Registd0-Register PerfOrMaNCE.........ccoiiiiii i e e e e e e e e e e e e e e e e e aenrnnn s 62
Table 3.2. ECP5/ECFE5 Maximum 1/O Buffer SPEEA.............ooviriiiiiecece e 63
Table 3.22. ECP5/EGPG External Switching CharaCteriStCS. .......uvviiiiiiiiiiiiiie e 64
Table 3.23. SYSCLOCK PLL TUMUNG. .. ..teteeeiiittiee ettt ettt e e s sttt e e s ettt e e e e aabb e e e e e saab b e e e e e abbaeeeeeasbaeeeeaeannreas 71
Table 3.24. Serial Output TIMING aNd LEVEIS...........eiiiiiiiiiei e e e srreee e L 2
Table 3.3. Channel QUIPUL JIHLEE.. ..o e e e e e e e e e e e e e e e e e e e e e e aeeete s s e s e seaeaaaaaaaeaaeannnnes 72
Table 3.26. SERDES/PCS Latency BreakOOMiN.............uuiiiiiiiiiiiieieee e eeeeeeeeeeeeee e s e nnaneeneeneenene s d 3
Table 3.27. Serial Input Data SPeCIfiCAtIONS. .......coiiiiiiieiee e e e 74
Table 3.28. Receiver Total Jitter Tolerance SPecCifiCatioN............ouoiiiiiiiiiiiii e 74
Table 3.29. External Reference Clock Specification (refclkp/refclkn)..........ooooiiiiieiiii e 75
LI Lo SR T (O B = O [ G2 Sl € oA PRSPPI 76
LI Lo SR T N B = O [ (ST ] o) PP PRSP 7
Table 3.32. CPRI LV2 E.48 Electrical and Timing CharacteriStiCS.........oocuviiiiiiiiiiiiii e 79
LI o LT e 1 R I = 1 ] 1 4 PP P PR TPT PP 80
Table 3.34. Receive and Jitter TOIBIANCE. ... ..uu ittt e e e e e e et e e e e e e e e e e e e e e e anebeeeeees 80
Lo L e 1o T I = 1 1] 0 PP PP TPP PP 80

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal

9/ tpu FYPBUILCEYAL S mLATTICE

Data Sheet

Table 3.36. RECEIVE AN JIEEr TOIBIANCE. ... .vvvittiitciciiiet ettt e e ettt r e e e e s e s e s e e e e eeeasaeeseeeessssssssererened 81
T AN 3.3 7. TTANSIMUL ...uututtttiiiieie ittt ittt et et et ettt eeeeeeese bbb e teseteseeeeeaaaeaeeesseesess st s ba s as st aasesessesesasesesessssssssssrsrered 81
Table 3.38. RECEIVE ANd JHEEHETANCE. ..........ceeviiieieeeeeetee et et e e e et e e e e e e et e e e e eeesbbn s e e s es b e eeeesanraaneesd 81
LI o Lo TRC T B I = Va1 1 1 O RRRUPRPRR 82
TADIE B.40. RECEIVE......uu i ettt et e ettt e e e et e e et e e s e e st e eaees s e s b s e et e e sbaa e eeesesstan s eeeseessnasessesstananeeens 82
Table 3.4LREFEIENCECIOCK ......uuuiiiiiiiiiie ettt et et e e e ettt s e e e e e ett e s e e e s e s baaeeeeessatanseeeeestasnnsesssrnnnnseesenn 82
Table 3.42. ECP5/ECPGSysCONFIG Port Timing SPecCifiCationsS.........uvviiieiiiiiicciiiiiieiee e eccnnvvnee e e 83
Table 3.43. JTAG Port TimiNg SPECIfICAtIAMS ........ceeiii ittt e e s r e e e e e e e s s s e e e e eeaeee e e s e s annreeneees 88
Table 3.44. Test Fixture Required Components,-Neminated INterfaces.......ccccccevvviiiiiiiiiieeiicece e, 90

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnethtticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications anddanfberein are subject to change without notice

8 FPGADS020121.9


http://www.latticesemi.com/legal

=LATTICE

Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

ALU Arithmetic Logic Unit

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundandyode

DCC Dynamic Clock Control

DCs Dynamic Clock Select

DDR Double Data Rate

DLL DelaylLocked Loops

DSP Digital Signal Processing

EBR Embedded Block RAM

ECLK Edge Clock

FFT Fast Fourier Transforms

FIFO First In First Out

FIR Finite ImpulseResponse

LVCMOS | LowVoltage Complementary Metal Oxide Semiconduct
LVDS LowVoltage Differential Signaling
LVPECL Low Voltage Positive Emitter Coupled Logic
LVTTL Low Voltage Transistefransistor Logic
LUT Look Up Table

MLVDS Multipoint LowVoltageDifferential Signaling
PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable 1/O Cells

PLL PhaselLocked Loops

POR Power On Reset

SCI SERDES Client Interface

SERDES Serializer/Deserializer

SEU Single Event Upset

SLVS Scalable Low/oltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM

SRAM Static Randorf\ccess Memory

TAP Test Access Port

TDM Time DivisioMultiplexing
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1. General Description

The ECP5/ECHB% family of FPGA devices is optimized
to deliver high performancéeatures such as an
enhanced DSP architecture, high speed SERDES
(Serializer/Deserializerand high speed source
synchronous interface#n an economicaFPGA fabric.
This combination is achieved through advances in
device architecture and the use of #én technology
making the devices suitable for higlblume, high
speed,andlow-cost applications.

The ECP5/ECHB% device family covers loalp-table
(LUT) capacity to 84K logic elements and supports up
to 365user 1/0s. The ECP5/ECHSG device family also
offers up to 156 18 x 18 multipliers and a wide range of
parallel I/Ostandards.

The ECP5/ECH& FPGA fabric is optimized high
performance with low power and low cost in mind. The
ECP5ECP5G devices utilize reconfigurable SRAM
logic technology and pxade popular building blocks
such as LUbased logic, distributed and embedded
memory, Phasé¢.ocked Loops (PLLs), Delaygked

Loops (DLLs), pengineered source synchronous I/O
support, enhanced sysDSP slices and advanced
configuration support, includingncryption and
dualboot capabilities.

The preengineered source synchronous logic
implemented in the ECP5/EGB6& device family
supports a broadange of interface standards
including DDR2/3, LPDDR2/3, XGhlHH 7:1 LVDS.

The ECP5/ECP& device familglso features high
speed SERDES with dedicalg/sical Coding Slalyer
(PC$%functions. High jitter tolerance and low transmit
jitter allow the SERDES plus PCS blocks to be
configured to support an array of populdata
protocols including PCI Expresdydthet (XAUI, GbE,
and SGMII) and CPRI. TransmitelDghasis with

pre- and postcursors, and Receive Equalization

settings make the SERDES suitable for transmission and

reception over various forms of media.

The ECP5/ECHB%5 devices also provide flexible,
reliable and secure configuration options, such as
dualboot capability, bitstream encryption, and
TransFR field upgrade features.

ECP5G family devices have made some enhancement

in the SERDES compared to ECP5UM devices. These
enhancements increase thgerformance of the
SERDES to up to b/&data rate.

The ECR5G family devices are pio-pin compatible
with the ECP5UM devices. These allows a migration
pathfor users to port designs from ECP5UM to
ECP5G devices to get higher performance.

s LATTICE

ThelatiS€ 5AF Y2YRu RSaA3ady az2f¥iél NB
complex designs to be efficiently implemented using
the ECP5/ECPSG FPGA family. Synthesis library
support for ECP5/ECH¥&s devices is available for
popular logicsynthesis tools. The Diamond tools use
the synthesigool output along with the constraints
from its floor planning tools to place and route the
design in the ECP5/ECGPBG device. The tools extract
the timing from the routing anthackannotate it into
the design for timing verification.

Lattice provides manpre-engineered IP (Intellectual
Property) modules for the ECP5/EC3 family. By
usingthese configurable soft core IPs as standardized
blocks, designers are free to concentrate on the unique
aspects otheir design, increasing their productivity.
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9 Higher Logic Density for Increased System

Integration
T m¥ G2 yny [! ¢a
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FYR HE9p f  Flexible Device Configuration
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1 System Level Support
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Tablel.1. ECP5 and ECB& Family Selection Guide
Device LFE5SUMRS LFE5UM45 LFE5UMBS LFE5U LFE5U LFE5UY LFE5SU
LFESUM5@5 | LFESUM5@5 | LFE5UM5@5 12 25 45 85
LUTs (K) 24 44 84 12 24 44 84
sysMEM Blocks (18 Kb) 56 108 208 32 56 108 208
Embedded Memory (Kb) 1,008 1944 3744 576 1,008 1944 3744
Distributed RAM Bits (Kb) 194 351 669 97 194 351 669
18 X 18 Multipliers 28 72 156 28 28 72 156
SERDES (Dual/Channels) 1/2 2/4 2/4 0 0 0 0
PLLs/DLLs 2/2 4/4 4/4 2/2 2/2 4/4 4/4
Packages(SERDES Channels /@unt)
256 caBGA
(14 x 14 mif, 0.8 mm) T T T 0/197 | 0/197 | 0/197 T
285 csfBGA
(10 x 10 mr&, 0.5mm) 2/118 2/118 2/118 0/118 0/118 0/118 0/118
381 caBGA
(17 x 17 mr& 0.8 mm) 2/197 4/203 4/205 0/197 0/197 0/203 0/205
554 caBGA
(23 x 23 MR, 0.8 mn) T 4/245 4/259 T T 0/245 | 0/259
756 caBGA
(27 x 27 mrA, 0.8 mn) T T 4/365 T T T 0/365
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2. Architecture

2.1. Overview
Each ECP5/ECBG device contains an array of logic blocks surrounded by Programmable 1/0 Cells (PIC). Interspersed

0SG6SSy (KS NepRga 2F t23A0 o6t201a INB NRga 2F dé@daa9au 9Y0

Processing slices, as shoimrFigure2.1 on pagel3. The LFEB5 devices have three rows of DSliees, the
LFE®5 devices have two rosyand both LFE&5 and LFEEL2 devices have one. In addition, the LFESUM/LFE5UM5G
devices contain SERDES Duals on the bottom of the device.

The Programmable Functional Unit (PFU) contains the building blocks for logic, arithmetic, RAM and ROM functions.
The PFU block is optimized for flexibility, allowing complex designs to be implemented quickly and efficgntly.
Blocks are arranged in a twdbmensional array.

The ECP5/ECHB%5 devices contain one or more rows of sysMEM EBR blocks. sysMEM EBfg§e,atedaated 18 Kb
fast memory blocks. Each sysMEM block can be configured in a variety of depths and widthsad=RRA\ In
addition, ECP5/ECPHs devices contain up to three rows of DSP slices. Each DSP slice has multipliers and
adder/accumulators, Wwich are the building blocks for complex signal processing capabilities.

The ECP5 devices feature up to four embedded 8/2 SERDES channedsid the ECR5G devices featurap to four
embeddeds5 Gb/s SERDESannelsEach SERDES channel contains ind#gr&r8b/10b encoding / decoding, polarity

adjust and elastic buffer logiEach group of two SERDES channels, along with its Physical Coding Sublayer (PCS) block,
creates a dual DC(@ual Channel Unit). The functionality of the SERDES/PCS duals carr@leeddmnt SRAM cell

settings duringlevice configuration or by registers that are addressable during device operation. The registers in every
dual canbe programmed via the SERDES Client Interface (SCI). These DCUs (up to two) are located at thethettom of
devices.

Each PIC block encompasses two PIOs (PIO pairs) with their respective sysl/O buffers. The sysl/O buffers of the
ECP5/ECPSG devices are arranged in seven banks (eight banks forf@5d&vices in caBGA756 aceBGA554
packages), allowing thenplementation of a wide variety of I/0 standards. One of these banks (Baslsi@red with
the programming interfacegdalfof the PIO pairs on the left and right edges of the device catohéigured as LVDS
transmit pairs, and all pairs on left angjhik can be configured as LVDS receive pairs. THed?tGn the left and right
banks also includes prengineered support to aid in the implementation of high spesedrce synchronous standards
such as XGMII, 7:1 LVDS, along with memory interfaces ingldDR3 andPDDRS3.

The ECP5/ECP& registers in PFU and sysl/O can be configured to be SET or RESET. After power egite ike
configured, it enters into user mode with these registers SET/RESET according to the configuration setting, alowing th
device entering to a known state for predictable system function.

Other blocks provided include PLLs, DLLs and configuration functions. The ECB&EG#Pitecture providesp to
four DelaylLocked Loops (DLLs) and up to four Phaseked Loops (PLL$he PLL and DLL blocks lagated at the
corners of each device.

The configuration block that supports features such as configuratiesttdam decryption, transparent updatesd

dualboot support is located at the bottom of each device, to the lefthef SERDES blocks. Every device in the
ECP5/ECP5D FI YAf & &dzlJLl2NJia | aé&&/ hbCLDu LI2NIa f2fodsérifdR Ay
or parallel device configuration.

In addition, every device in the family has a JTAG port.faimigy also provides an echip oscillator and soft error

detect capability. The ECP5 devices use aid/ECP5UMSG devices use 1dsVheir core voltage.
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Multiply, Generic — Up to
Accumulate, 800 Mbps
and ALU
Flexible syslO
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-85 devices only):
LVCMOS, SSTL,
sysMEM Block = Z HSUL, LVDS
RAM: = 2
18 kbit EBRs S 2
& @
P bl Flexible Routing:
FL‘:‘%;?;T:I;'U“‘:E_ Optimized for speed,
Up to 84K LUTs power and routability
- P — SLEsOcl __ SERDES
PLL sysConfig, JTAG & On-Chip Oscillator —_ I Dot ncut PLL
—] syslO Bank 8 Channsl ] |Ehannel 1 Channel 0} [Shannel sysIO Bank 4
DLL o o S O o O Y I O o S N el O = DLL

Dual Function
syslO Pins:

Shared I/Os for
sysConfig

Note: There is no Bank 4 in -25 and -45 devices.
There are no PLL and DLL on the top corners in -25 devices.

3.2 Gbps SERDES

Figure2.1. Simplified Block Diagram, LFESUM/LFE5UMEBDevice (Top Level)

2.2. PFU Blocks

The core of the ECP5/ECHG device consists of PFU blocks. Each PFU block consists of four intercoslicesed
numbered 03, as shown irFigure2.2. Each slice contains two LUTs. All the interconnections to andRFhblocks
are from routing. There are 50 inputs and 23 outputs associated with each PFU block.
ThePFU block can be used in Distributed RAM or ROM function, or used to perform Logic, Arithmetic, or ROM
functions.Table2.1 shows the functions each slice can perform in either mode.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnetatticesemi.com/legal
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Figure2.2. PFU Diagram

2.2.1. Slice

Each slice contains two LUT4s feeding two registers. In Distributed SRAM mode, Slice 0 through Slice 2 are configured
as distributed memory, and Slice 3 is used as Logic or R&e2.1 shows the capability of the slicatong with the

operation modes they enable. In addition, each PFU contains logic that allows the LUTs to be combined to perform
functions such a LUT5, LUT6, LUT7 and LUTS8. There is control logic to perform set/reset functions (programmable as
synchronous/ asynchronous), clock select, etefect and wider RAM/ROM functions.

Table2.1. Resources and bbles Available per Slice

Slice PFU (Used in Distributed SRAM) PFU (Not used as Distributed SRAM)
Resources Modes Resources Modes

Slice 0 2 LUT4s and 2 Register RAM 2 LUT4s and 2 Register Logic, Ripple, ROM

Slice 1 2 LUT4s and 2 Register RAM 2 LUT4sind 2 Registers Logic, Ripple, ROM

Slice 2 2 LUT4s and 2 Register RAM 2 LUT4s and 2 Register Logic, Ripple, ROM

Slice 3 2 LUT4s and 2 Register Logic, Ripple, ROM 2 LUT4s and 2 Register: Logic, Ripple, ROM

Figure2.3 shows an overview of the internal logic of the slice. The registers in the slice can be configured for
positive/negative and edgiiggered or level sensitive clocks.

Each slice has 14 input signdl8 signals from routing and one from the caatyain (from the adjacent slice &FU).
There are five outputdour to routing and one to carrghain (to the adjacent PFU). There are twir slice/PFU
output signals that are used to support wider LUT functions, such as LUT6, LUT7 anthbl¢22 and Figure2.3 list
the signals associated with all the slicegjure2.4 on pagel6 shows the connectivity of thaier-slice/PFU signals that
support LUT5, LUT6, LUT7 and LUTS8.
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LUT4 &
CARRY*

8883

VVYVY

43
4

B2qQ
YV

=9 J From Different Sice/ PRU

Notes: For Sices0 and 1, memory control signals are generated from Sice 2 asfollows:
WXKis QK
WREisfrom LR
Di[3:2] for Sice 1 and DI[1:0] for Sice 0 data from Sice 2
WAD [A:D] isa4-bit address from slice 2 LUT input

Figure2.3. Slice Diagram
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Figure2.4. Connectivity Supporting LUT5, LUT6, LUT7, and LUT8

Table2.2. Slice Signal Descriptions

Function Type Signal Names Description

Input Data signal A0, BO, CO, DO | Inputsto LUT4

Input Data signal Al, B1, C1,D1 | Inputsto 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 FCI FastCarryint

Input Inter-slice signal FXA Intermediate signal to generate LUT6, LUT7 and £UT8

Input Inter-slice signal FXB Intermediate signal to generate LUT6, LUT7 and £UT8

Output Data signals FO, F1 LUT4 output register bypass signals

Output Datasignals Q0, Q1 Register outputs

Output Inter-PFU signal FCO Fast carry chain outpiit
Notes
1. SeeFigure2.3 on pagel5for connection details.
2. Requires two adjacent PFUs.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvistetatitcesemi.com/legal
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2.2.2. Modes ofOperation

Slices @ have up to four potential modes of operation: Logic, Ripple, RAM and ROM. Slice 3 is not ne&ddd for
mode, it can be used in Logic, Ripple, or ROM modes.

[ 23A0 a2RS

In this mode, the LUTs in each slice are configurediaput combinatorial lookup tables. A LUT4 can havedssible
input combinations. Any four input logic functions can be generated by pnogiag this lookup tableSince there are
two LUT4s per slice, a LUT5 can be constructed within one slice. Largapltaides such alsUT6, LUT7 and LUT8 can
be constructed by concatenating other slices. Note that LUT8 requires more thaslifmas:.

WAI)S a2RS
Ripple mode supports the efficient implementation of small arithmetic functions. In ripple mode, the following
functions can be implemented by each slice:

1 Addition 2bit
1 Subtraction 2bit
1 Add/Subtract 2bit using dynamic control
1  Up counter 2hit
1 Down counter 2bit
1  Up/Down counter with asynchronous clear
1 Up/Down counter with preload (sync)
1 Ripple mode multiplier building block
1 Multiplier support
1 Comparator functions of A and B inputs
f ! 3 N#B K i2 8N di- 2
T ! y&ida %

1 !t Sékie y8j di 2
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
generatedon a per slice basis to allow fast arithmetic functions to be constructed by concatenating Slices.

wla az2RS$S

In this mode, a 16xbit distributed single port RAM (SPR) can be constructed in one PFU using each LUTStilkek in
and Slice 1 as a 16 »& memory in each slice. Slice 2 is used to provide memory address and control signals.

A 16 x 2bit pseudo dual port RAM (PDPR) memory is created in one PFU by using one Slice asvthigerpad and
the other companion slice as the reaaly port. Theslice with the readwrite port updates the SRAM datantents in
both slices at the same write cycle.

ECP5/ECPSG devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memoriese\&@pgropriate, the software
will construct these using distributed memory primitives that represent the capabilities of theTRBl&2.3 lists the
number of slices required to implement different distributed RAM primitives. For more information alstng RAM in
ECP5/ECPSG devicesefer to ECP5 and ECB& MemoryUsage GuidéTN1264)

Table2.3. Number of Slices Required to Implement Distributed RAM
SPR 16 X 4 PDPR 16 X 4

Number of slices 3 6
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

wha a2RS$

ROM modeauses 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, refer t&ECP5 and ECB& Memory Usage GuidéN1264)
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2.3. Routing

There are many resources provided in the ECP5/EBGPdevices to route signals individually or as bussesreligted

control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (raatimygnts.
The ECP5/ECE% family has an enhanced routing architecture that produces a compact design. The Daesgm
software tool suites take the optt of the synthesis tool and places and routes the design.

2.4. Clocking Structure

ECP5/ECPSG clocking structure consists of clock synthesis bl@ylsCL OCK Bihalanced clockee networks(PCLK
and ECLK tregsand efficient clock logic modul¢€LOCRIVIDER and Dynamic Clock S€@€tS), Dynamic Clock
Control (DCC) and DLAIl of these functios are describedbelow.

2.4.1. sysCLOCK PLL

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The devices in the BEGPBIBBSpport
two to four full-featured General Purpose PLLs. The sysCLOCK PLLs provide the ability to sgiuttlefiequencies.

The architecture of the PLL is showrFigure2.5. A description of the PLL functionality follows.

CLKI is the reference frequency input to the PLL and its source can come from two different external CLKfioputs or
internal routing. A norglitchless Zo-1 input multiplexoris provided to dynamically select between two different
external reference clock sources. The CLKI input feeds into the input Clock Divider block.

CLKFB is the feedback signal to the PLL which can come from internal feedback path, routing or an &qennahié
feedback divider is used to multiply the reference frequency and thus synthesize a higher frequenoutgack

The PLL has four clock outputs CLKOP, CLKOS, CLKOS2 and CLKOS3. Each output has its own olggsut divider,
allowing the PLL to gerate different frequencies for each output. The output dividers can have a valuelftori28.
The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the primary cl@xyneiaoe and
CLKOS outputs can go to the edge clock network

The setup and hold times of the device can be improved by programming a phase shift into the CLKOSa@d.KOS2,
CLKOS3 output clocks which will advance or delay the output clock with reference to the CLKOP outgdutislock.
phase shift can be either pgpammed during configuration or can be adjusted dynamically using the PHASESEL,
PHASEDIR, PHASESTEP, and PHASELOADREG ports.

The LOCK signal is asserted when the PLL determines it has achieved loclassetted if a loss of lockdgtected.

PHASESH[1:0] » Dynamic
PHASEDIR > o
PHASESTEP > ‘
PHASELOADREG > p Adust
H [ VOO AKoP
} Refck o Divider » > AKOP
ax o——phy [PLcsouUT 4‘_’1—}_: (1-128) fy
AK2[> » Refclk Divider M Phase KOS
ax
QaKL Detector, VQo »  Divider > > KOS
Vigo) e (1-128) fy
Loop Flter
FBKSEL aKkoR
Va0
QKB [ Feedback Divider » —1 > AKOR
Qock Divider (1-128) A
Veo) QKO3 -
Internal Feedback Divider » T akos
QLKOP, A.KOS OLKOR2, QKO3 (1-128) A
ENQLKOP [
ENAKOS [
ENOKOR [
ENOLKOS3 [
RST [Oo—» Lock LOCK
STDBRY [o—» Detect

Figure2.5. General Purpose PLL Diagram
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Table2.4 provides a description of the signals in the PLL blocks.

Table2.4. PLL Blocks Signal Descriptions

Signal Type De<ription

CLKI Input Clock Input to PLL from external pin or routing

CLKI2 Input Muxed clock input to PLL

SEL Input Input Clock select, selecting from CLKI and CLKI2 inputs

CLKFB Input PLL Feedback Clock

PHASESELJ[1:0] Input Select which output to badjusted on Phase by PHASEDIR, PHASESTEP, PHASELODRE
PHASEDIR Input Dynamic Phase adjustment direction.

PHASESTEP Input Dynamic Phase adjustment step.

PHASELOADREG| Input Load dynamic phase adjustment values into PLL.

CLKOP Output | Primary PLL outputiock (with phase shift adjustment)

CLKOS Output | Secondary PLL output clock (with phase shift adjust)

CLKOS2 Output | Secondary PLL output clock2 (with phase shift adjust)

CLKOS3 Output | Secondary PLL output clock3 (with phase shift adjust)

LOCK Output | PLL LOCK to CLKI, Asynchronous signal. Active high indicates PLL lock
STDBY Input Standby signal to power down the PLL

RST Input Resets the PLL

ENCLKOP Input Enable PLL output CLKOP

ENCLKOS Input Enable PLL output CLKOS

ENCLKOS2 Input Enable PLbautput CLKOS2

ENCLKOS3 Input Enable PLL output CLKOS3

For more details on the PLL you can refer to #@&P5 and ECB& sysClock PLL/DLL Design and Usage Guide (TN1263)

2.5. ClockDistribution Network

There are two main clock distribution networks for any member of the ECP5/&GPBBoduct family, namely Primary
Clock (PCLK) and Edge Clock (ECLK). These clock networks have the clock sources come fromrentsgudités,

such a<LClock Pins, PLL outputs, DLLDEL outputs, Clock divider outputs, SERDES/PCSstlaukearmthip generated
clock signal. There are clock dividers (CLKDIV) blocks to provide the slower clatlef®iriock sources.
ECP5/ECPSG also supports glitchledgnamic enable function (DCC) for the PCLK @oskve dynamic power. There
are also some logics to allow dynamic glitchless selection between two clodke BCLK network (DCS).

Overview of Clocking Network is showrFigure2.6 on page20 for LFESUM/LFE5UMBE&5 device.
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Figure2.6. LFESUM/LFE5UM585 Clocking

2.5.1. Primary Clocks

The ECP5/ECP& device fanhy provides lowskew, highfan-out clock distribution to all synchronous elementstire
FPGA fabric through the Primary Clock Network.

The primary clock network is divided into four clocking quadrants: Top Left (TL), Bottom Left (BL), Top Ragitt (TR),
Bottom Right (BR). Each of these quadrants has 16 clocks that can be distributed to the fabric in the quadrant.

The Lattice Diamond software can automatically route each clock to one of the four quadrants up to a maxibum of
clocks per quadrant. The usesin change how the clocks are routed by specifying a preference in the IRittitend
software to locate the clock to specific. The ECP5/EBGP8evice provides the user with a maximuntéfunique clock
input sources that can be routed to the primary€k network.

Primary clock sources are:

Dedicated clock input pins

PLL outputs

CLKDIV outputs

Internal FPGA fabric entries (with minimum general routing)

SERDES/PCS/PCSDIV clocks

1 OSC clock

These sources are routed to one of four clock switches called &uiid The outputs of the Mid MUX are routed to
the center of the FPGA where another clock switch, called the Center MUX, is used to route the primaguwioek
to primary clock distribution to the ECP5/EEHS fabric. These routing muxes are showhigure2.6. Since there is a
maximum of 60 unique clock input sources to the clocking quadrants, there are potentialhidise clock domains
that can be used in the ECP5/EE&I %5 Device. For more information about the primahyck tree and connections,
refer to ECP5 and ECB& sysClock PLL/DLL Design and Usage GINA263)

=A =4 =4 -4 =4

2.5.1.1. Dynamic Clock Control

TheDynamic Clock Contr{C@, Quadrant Clocknabld disablefeature allows internal logic control of the quadrant
primary clock network. When a clock network is disabled, the clock signal is static and not toggkeloiclied by

that clock willnot toggle, reducing the overall power consumption of the device. The disable function will not create
glitch andincrease the clock latency to the primary clock network.

This DCC controls the clock sources from the Prima®G& MIDMUX before they are fed to the Primary CatéXs
that drive the quadrant clock network. For more information about the DEf€r to ECP5 and EGB& sysClock
PLL/DLL Degi and Usage Guide (TN1263)
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2.5.1.2. Dynamic Clock Select

TheDynamic Clock SeledC3$is a smart multiplexer function available in the primary clock routing. It switches
between two independeninput clock sources. Depending on the operation modes, it switbeegeen two (2)
independent input clockources either with or without any glitches. This is achieved regardless of when the select
signal is toggled. Botimput clocks must be running to achieve functioning gHiess DCS output clock, but it is not
required runningclocks when used as najlitch-less normal clock multiplexer.

There are two DCS blocks per device that are fed to all quadrants. The inputs to the DCS block come frontilitthe

of MIDMUXs and Clock from CIB located at the center oPtt@ array core. The output of the DCS is connected to one

of the inputs of Primary Clock Center MUX.

Figure2.7 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed to other
modes. For more information about the DE@&er to ECP5 and ECB& sysClock PLL/DLL Design and Usage Guide
(TN1263)

Figure2.7. DCS Waveforms

2.5.2. Edge Clock

ECP5/ECPSG devices have a number of higheed edge clocks that are intended for use with the PI1Os in the
implementation of highspeed interfaces. There are two ECLK networks per bank 10 on the Left and Righttsides of
devices.

Each Edge Clock candmurced from the following:

Dedicated Clock input pins (PCLK)

DLLDEL output (Clock delayed by 900)

PLL outputs (CLKOP and CLKOS)

ECLKBRIDGE

Internal Nodes

=A =4 =4 -4 A
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. to go to other side
Fom Routing ——————

Figure2.8. Edge Clockdsircesper Bank

The edge clocks have low injection delay and low skew. They are used for DDR Memory or Gerieterfag#R. For
detailed information on Edge Clock connectiarger to ECP5 and ECB& sysClock PLL/DLL Design and Usage Guide
(TN1263)

2.6. Clock Dividers

ECP5/ECPSG devices have two clock dividers, one on the left side and one on the right side of the devicearéhese
intended to generate a slowepeed system clodkom a highspeed edge clock. The block operates in a-3% mode
and maintains a known phase relationship between the divided down clock and theégl clockased on the
release of its reset signal.

The clock dividers can be fed from selected Rlthuds, external primary clock pins multiplexed with the DDRBIB\e
Delay or from routing. The clock divider outputs serve as primary clock sources and feed into the clock distribution
network. The Reset (RST) control signal resets input and asynchipfanges all outputs to low. The SisiBnal slips

the outputs one cycle relative to the input clock. For further information on clock dividees, to ECP5 and ECBS®
sysCloclPLL/DLL Design and Usage Guide (TN1RgRire2.9 shows the clock dividesonnections.

Primary Aock Pin OR
DLLDH output clock ——————————»

PLL clock output CLKDIV To Primary Qock Tree
(GQKoP/akoy (/2 0r /3.5) ORRouting
Primary
Jock Tree ————Ppf
ORRouting RST ———

9P ———»|
Figure2.9. ECP5/ECP5G Clock Divider Sources
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2.7. DDRDLL

Every DDRDLL (master DLL block) can generate phase shift code representing the amount of delayhifoekdbialy
corresponding to 90phase of the reference @tk input. The reference clock can be either frBirl, or input pin. This
code is used in the DQSBUF block that controls a set of DQS pin groups to interfdgB®ithemory (slave DLL).
There areawo DDRDLLs that supply two sets of codes (for two difterefierence clockrequencies) to each side of the
I/Os (at each of the corners). The DQSBUF uses this code to controls tigpDiQ@h the DDR memory to 98hift to
clock DQs at the center of the data eye for DDR memory interface.

The code is also setd another slave DLL, DLLDEL, that takes a clock input and generafeshdt@bck output to
drive the clocking structure. This is useful to interface ediigned Generic DDR, where*@lbcking needs to be
created.Figure2.10 shows DDRDLL functional diagram.

DDRDLL

aK —»
—» DDRDEL
RST ——»
- LOK
UDDONTLIN ——
- » DONT7:0]
FREEZE —»

Figure2.10. DDRDLEunctional Diagram

Table2.5. DDRDLL Ports List

Port Name Type | Description

CLK Input | Reference clock input to the DDRDLL. Should run at the same frequency as the clock to tbed#el
RST Input | Resetinput to the DDRDLL

Update Control to update the delay codehe code is the DCNTL[7:0] outputs. These outputs are
updated when the UDDCNTLN signal is LOW.

FREEZE goes high and, without a glitch, turns off the DLL intkrcialnd the ring oscillator output
clock. When FREEZE goes low, it turns them back on.

DDRDEL Output | The delay codes from the DDRDLL to be used in DQSBUF or.DLLDEL
LOCK Output | Lock output to indicate the DDRDLL has valid delay output
DCNTL [7:0]| Cutput | The delay codes from the DDRDLL available for the user IP

UDDCNTLN| Input

FREEZE Input

There are four identical DDRDLLSs, one in each of the four corners W8hRE8 LFEB5 devices, and twODRDLLs in
both LFE®5 & LFESL2 devices in the upper two corners. Each DDRDLIgeaerate delay code based on the
reference frequency. The slave DLL (DQSBUF and DLLDEL) use the code to delay the signal, to creatghiftegphase
signal used for either DDR memoty create 90° shift clock.Figure2.11 shows the DDRDLL atitk slave DLLs on the
top level view.
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Figure2.11. ECP5/ECPSG DLL Top Level View (For 44BEand LFB5)

2.8. sysMEM Memory

ECP5/ECPSG devices contain a number of sysMEM Embedded Block RBR).(The EBR consists of aki&RAM
with memory core, dedicated input registers aadtput registers with separate clock and clock enablach EBR
includes functionality to support true duglort, pseudo duaport, singleport RAM, ROM and FIFO buffers (via external

PFUs).

2.8.1. sysMEM Memory Block

The sysMEM block can implement single pdtal port or pseudo dual port memories. Each block can be usad in
variety of depths and widths distedin Table2.6 on page25. FIFOs can be implemented in sysMEM EBR blocks by
implementing support logic with PEBUThe EBR block facilitates parity checking by supporting an optional parity bit for
each data byte. EBR blocks provide bgteble support for configurations with 48t and 36bit data widths. Fomore
information, refer to ECP5 and ECB& Memory Usage GuidéN1264)
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Table2.6. sysMEM Block Configurations
Memory Mode Configurations
16,384 x 1
8,192 x 2
4,096 x 4
2,048 x 9
1,024 x 18
512 x 36
16,384 x 1
8,192 x 2
True Dual Port 4,096 x 4
2,048 x 9
1,024 x 18
16,384 x 1
8,192 x 2
4,096 x 4
2,048 x 9
1,024 x 18
512 x 36

Single Port

Pseudo Dual Port

2.8.2. Bus Size Matching

All of the multiport memory modesupport different widths on each of the ports. The RAM bits are mappedvb8B
0 to MSB word 0, LSB word 1 to MSB word 1, and so on. Although the word size and number of vaarcts fart
varies, this mapping scheme applies to each port.

2.8.3. RAM Initializaton and ROM Operation

If desired, the contents of the RAM can be fwaded during device configuration. By preloading the RAM hdocikg
the chip configuration cycle and disabling the write controls, the sysSMEM block can also be utiliZe@Ms a

2.8.4. Memory Cascading

Larger and deeper blocks of RAM can be created using EBR sysMEM Blocks. Typically, the Lattice des$égadeols
memory transparently, based on specific design inputs.

2.8.5. Single, Dual and Pseuebdual Port Modes

In all the sysMEM RAM modes timput 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.

1  Write Throughg A copy of the input data appears at the outputtbé same port during a write cycle. Thmede is
supported for all data widths.

1 ReadBeforeWrite ¢ When new data is written, the old content of the address appears at the outputnidgde is
supported for x9, x18, and x36 data widths.
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2.8.6. 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 signals, which reset the output latches associated vatidRRwitt/3,

respectively. The Glob&eset (GSRN) signal can reset both ports. The output data latches and associated resets for

both ports are as showim Figure2.12.

I
Memory Core : Q : » Port A[17:0]
I
I I
—1—»|lar i
—
I
I
I Cutput Data :
| Latches |
I Q —» Port B[17:0]
I I
I
—_1 Lar :
I S I |

RSTA > *Di
=

GSRN [T

[
Programmable Disable

Figure2.12. Memory Core Reset

For further information on the sysMEM EBR block, see the list of technical documeritaBapplementalnformation
section on pagd.02

29. aeas5{tn {fAOS

The ECP5/ECHB%s family provides an enhanced sysDSP architecture, making it ideally suited-tmsipw
high-performance Digital Signal Processing (DSP) applisafitypical functions used in these applications are Finite
Impulse Response (FIR) filters, Fast Fourier Transforms (FFT) functions, CorrelateBs|é&taed/Turbo/Convolution
encoders and decoders. These complex signal processing functions use siitdlagtnlocks such as multiphdders
and multiplyaccumulators.

2.9.1. sysDSP Slice Approach Compared to General DSP

Conventional generghurpose DSP chips typically contain one to four (Multiply and Accumulate) MAC unifisadth
data-width multipliers; thideads to limited parallelism and limited throughput. Their throughput is increasddgher
clock speeds. In the ECP5/E&bdevice family, there are many DSP slices that can be used to sdjffesent data
widths. This allows designers to use highdyahlel implementations of DSP functions. Designersogdimize DSP
performance vs. area by choosing appropriate levels of parallefigmare2.13 compares the fullgerial
implementation to the mixed parallel and serial implementation.
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Figure2.13. Comparison of General DSP aBE@P5/ECP5G Approaches

sysDSP Slice Architecture Features

The ECP5/ECP& sysDSP Slice has been significantly enhanced to provide functions needed for advanced processing
applications. These enhancements provide improved flexibility and resource uitizat

The ECP5/ECP& sysDSP Slice supports many functions that include the following:

1

=

=A =4 =4 A

Symmetry support. The primary target application is wireless. 1D Symmetry is useful for many applications that
use FIR filters when their coefficients have symmetrysynanetry characteristics. The main motivation for using

1D symmetry is cost/size optimization. The expected size reduction is up to 2x.

f hRR YeCR$ SNJ 6AGK

hRR ydzYoSNJ 2F G LA

1 90Sy &ARSIISNI gAlGK 9GSy ydzYoSNI 2F G LA

1 ¢62 RAYSYy&aAz2yl

multiplier architecture

QHEIWILIANRIY Y SHINET AV2RENE F2NJ Y Ayt @
Dualmultiplier architecture. Lower accumulator overhead to half and the latency to half compared to single

Fully cascadable DSP across slices. Support for symmetric, asymmetnicresymmetric filters.
Multiply (one 18x36, two 18x18 or four 9x9 Multiplies per Slice)

Multiply (36x36 by cascading across two sysDSP slices)

Multiply Accumulate (supports one 18x36 multiplier result accumulation or two 18x18 multiplier result

accumuldion)

Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18x18

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

Pipeline registers

1D Symmetry support. The coefficients of FIR filters Issgmemetry or negative symmetry characteristics.

T hRR YRS GSNJ A 0K

hRR ydzYoSNJ 2F G L&

1 90Sy ARSI SNI 6AGK 90Sy ydzYoSNI 2F I L&

2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.

1 oFo | YRYOBNYI f

5{ t

{ £t A0S adzLdLJ2 NI
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T prp FYR fI NBENSWM ISy SN2 09{at {t A0S &dzLJLi2 NI
1 Flexible saturation and rounding options to satisfy a diverse set of applications situations

1 Flexible cascading across DSP slices
1 aAyYAYAT S&a Tl oNKQO yga S [Fl2 NI vy & { t

T 9ylotda AYLIESYSyGlriGAz2y 2F CLw CAfGSNI 2NJ &AYALE NI & Nz

T tNPOARSE YIGOKAY3I LALIStAYS NBEIAAGSNE

T /'ty 06S O2yFAIdzNBR G2 O2yiliAydzS OF a0l RAyAl F@KFAFES NP S

1 Flexible and Powerful Arithmetic Logic Unit (ALU) Supports:
T 58yt YAOLtfte aStSOdGlrotS !'[! ht/h59

CSNYFNE FNAGKYSGAO 61 RRAGAZ2YKAdO UGN OliA2y 2F GKNBS Ayl

1
¢ . whaShdwazi t 2320 2LISNIGA2ya 0! b5 hwX b!b5% bhwsX
1

- hw

9AIKG TFoBRHNG FYIYRS '[! FflF3a GKIG Oty 0SS dZBSR F2NJ Y

2PSNFt 295 dzyRSNFE2¢ FyR O2y@SNBESYl NRdzyRAy3Io®

T Ct SEAGES OFaOFRAY3I | ONR&d&a atA0Sa G2 3SG t 1 NBSNJ Fdzy Od A

1 RTL Synthesis friendly synchronous reset on all registerig stii supporting asynchronous reset for legasgrs

1 Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that require
processoilike flexibility that enables different functions for each clock cycle

For most cass, as shown iRigure2.14, the ECP5/ECPHE5 sysDSP slice is backwazdmpatible with the

[FGGAOS9/ tuu YR [ I suéhkh@Seyacy applicatioRszdn pd targeteRtthe EERHHG

sysDSP slic€igure2.14 shows thediagramof sysDSP, anigure2.15 shows the detailed diagram.
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Figure2.14. Simplified sysDSP Slice Block Diagram
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Figure2.15. Detailed sysDSP Slice Diagram
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In Figure2.15, note that A_ALU, B_ALU and C_ALU are internal signals generated by combining bits frorBA/BRB\B,
and C inputs. For further information, refer ECP5 and ECB& sysDSP Usage Gui@bl1267)

The ECP5/ECHB% sysDSP block supports the following basic elements.

T  MULT (Multiply)

1 MAC (Multiply, Accumulate)

1 MULTADDSUB (Multiply, AdditioniStaction)

1 MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)

Table2.7 shows the capabilities of eadi the ECP5/ECPES slices versus the above functions.

Table2.7. Maximum Number of Elements in a Slice

Width of Multiply X9 x18 x36
MULT 4 2 1/2
MAC 1 1 T
MULTADDSUB 2 1 T
MULTADDSUBSUM 1* 1/2 T

*Note: One slice can implement 1/2 9x9 m9x9addsubsum and two m9x9addsubsum with two slices.

Some options are available in the four eIemenEs. The in,puAt register in all the e[emgnt§ can be directl)i loadelgeor can
loaded as a shift register from previous operad¥F A a G SNA® . & aSft SOUAYy3a aReéyl YAO
are possible:

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

I The loading of operands can switch between parallel and sgpitations.

For further information, refer t&CP5 and ECB& sysDSP Usage Guidhl1267)

2.10. Programmable I/O Cells

The programmable logic associated with an 1/O is called a PlGndifaelual P1O are connected to their respective
syslO buffers and pads. On the ECP5/E8iP8evices, th€rogrammable I/@ells(PIChare assembled into groups of
four PlQcells called a Programmable 1/O Cell or PIC. The PICs are placed on all fafrtkildevice.

On all the ECP5/ECGBB devices, two adjacent PIOs can be combined to provide a complementary outpuipdiiver
All PIO pairs can implement differential receivers. Half of the PIO pairs on the left and right edges déthese can
be configured as true LVDS transmit pairs.
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Figure2.16. Group of Four Programmable I/O Cells on Left/Right Sides
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2.11. PIO

The PIO contains three blocks: an input register block, ougmister blockand tristate register block. Thesdocks
contain registers for operating in a variety of modes along with the necessary clock and selection logic.

2.11.1. Input Register Block

The input register blocks for the PIOs on all edges contain delay etsraed registers that can be used to condition
high-speed interface signals before they are passed to the device core. In adtigoinput register blocks fahe
PIOs on the left and right edges include birlFIFO logic to interface to DDR and LRDizmory.

The Input register block on the right and left sides includes gearing logic and registers to implementdD®R X1
IDDRX2 functions. With two PICs sharing the DDR register path, it can also implement IDDRX71 functiof:ised for
LVDS interface#t uses three sets of registets shift, update, and transfer to implement gearing and the cldckain
transfer. The first stage registers samples the kéghed input data by the higspeed edge clock on itssing and

falling edges. The second staggisters perform data alignment based on the control signals. The staigk pipeline
registers pass the data to the device core synchronized to thesfmred system clock. Thep sideof the device

suppors IDDRX1 gearing function. For more informationgearing function, refer t&e CP5 and ECB& HighSpeed

I/0 Interface(TN1265.

Figure2.17 shows the input register block for the PIOs on the top edge.

[ > INCK
D Programmable > INFF
Delay Cell
> INFF > Q
K » IDDRX1 —» Q[1:0]
RST »

Figure2.17. Input Regster Block for PIO on Top Side of the Device

Figure2.18 shows the input register block for the Plf@sated on the left and right edges.

| » INCK
Programmable » INFF
D Delay Cell
> INFF » Q
’ Generic
IDDRX1
HFO IDDRX2 Q[1:0)/
Delayed DQS » EAK IDDRX71* L—» Q[3:0)/
Q[6:0]*
> Memory
K IDDRX2
RST
ALIGNWD >

*For 7:1 LVDSinterface only. It isrequired to use PIO pair pins (PIOA/B or PIOC D).

Figure2.18. Input Register Block for P1O on Left and Right Side of the Device
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2.11.1.1. Input FIFO

The ECP5/ECPB%& PIO has dedicated input FIFO peglsiended pin for input data register for DDR Memory
interfaces. The FIFO resides before the gearing logic. It transfers data from DQS domain to continudomBGLRN
the Write side of the FIFO, it is clocked by DQS clock which is the delayed véthi®@® QS Strobsignal from DDR
memory. On the Read side of FIFO, it is clocked by ECLK. ECLK may be any high spébdddatikal frequency as
DQS (the frequency of the memory chip). Each DQS group has one FIFO contrtil dikicbutes FIF@ead/write
pointer to every PIC in same DQS group. DQS Grouping and DQS ControldBkuribisd irDDR Memory Support
sectionon page35.

Table2.8. Input Block Port Description

Name Type Description

D Input High Speed Data Input

Q[1:0)/Q[3:0)/Q[6:0] Output Low Speed Data to the device core

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

DQS Input Clock from DQS control Block used to clock DDR memory data
ALIGNWD Input Data Alignment signal from device core.

2.11.2. Output Register Block
The output register block registers signal from the core of the device before they are passed to the syslO buffers.

ECP5/ECPSG output data path has output programmable flip flops and outgedring logic. On the left and right
sidesthe output register block can support 1x, 2x and 7:1 gearing enabling high speed DDR interfaces and DDR
memory interfaces. On the top side, the barskgpport 1x gearing. ECP5/EEH5 output data path diagram shown in
Figure2.19. The programmable delay cells are also available in the output data path.

For detailed éscription of the output register block modes and usage, refde@»5 and ECB& HighSpeed 1/0
Interface(TN1269.

b | Programmable >
) o > Delay Cell o)
RST »
K » Generic
D{L:0] » OPDRA

Figure2.19. Output Register Block on Top Side
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*For 7:1 LVDSinterface only. It isrequired to use PIO pair pins PIOA/B.

Figure2.20. Output Register Block on Left and Right Sides

Table2.9. Output Block Port Descriptio

Name Type Description

Q Output High Speed Data Output

D Input Data from core to output SDR register

D[1:0]/D[3:0]/ D[6:0] Input Low Speed Data from device core to output DDR register

RST Input Reset to the Output Block

SCLK Input Slow Speed Syste@lock

ECLK Input High Speed Edge Clock

DQSW Input Clock from DQS control Block used to generate DDR memory DQS output
DQSW270 Input Clock from DQS control Block used to generate DDR memory DQ output

2.12. Tristate Register Block

The tristate register bloctegisters tristate control signals from the core of the device before they are passed to the

syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one-8bpstfigithen
feeds the output. In DDR operation used mgifor DDR memory interface can be implemented on thedatt light
sides of the device. Here twoputs feed the tristate registers clocked by both ECLK and SCLK.

Figure2.21 andFigure2.22 show the Tristate Regist&lock functions on the device. For detailed descriptiothef
tristate register block modes and usage, refeEiGP5 and ECB& HighSpeed I/O Intdiace(TN1263.

g N

RS ————»

—»TQ

SAK ————Pp

Figure2.21. Tristate Register Block ofiop Side
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Figure2.22. Tristate Register Block on Left and Right Sides

Table2.10. Tristate Block Port Description

Name Type Descrigion

TD Input Tristate Input to Tristate SDR Register

RST Input Reset to the Tristate Block

TD[1:0] Input Tristate input to TSHX2 function

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

DQSW Input Clock from DQS control Bloaked to generate DDR memory DQS output
DQSW270 Input Clock from DQS control Block used to generate DDR memory DQ output
TQ Output Output of the Tristate block

2.13. DDR Memory Support

2.13.1. DQS Grouping for DDR Memory

Certain PICs have additional circuitryaltow the implementation of higispeed source synchronous and DDBRR3,
LPDDR2 or LPDDR3 memory interfaces. The support varies by the edge of the device as detailed below.

The left and right sides of the PIC have fully functional elements supporting, DDR3, LPDDR2 or LPDBiRBory
interfaces. Every 16 PIOs on the left and right sides are grouped into one DQS group, ais $higwe2.23 on page

36. Within each DQS group, there are two gukaced pins for DQS and DQS# signals. The rest of thin piresDQS

group can be used as DQ signals and DM signal. The number of pins in eachup®®mded out ipackage

dependent. DQS groups with less than 11 pins bonded out can only be used for LPDDR2/3 Cdkdarasd/busses.

In DQS groups with more than 11 pins bonded out, up to twedafined pins are assigned to bised as "virtual”

VCCIQby driving these pins to HIGH, with the user connecting these pins to VCCIO power supply. These connections
create "soft" connections to d¢icthru these output pins, and make better connections\é@CIO to help to reduce SSO
noise. For details, refer tCP5 and ECB& HighSpeed 1/O Intdiace(TN1265.
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Figure2.23. DQS Grouping on the Left and Right Edges

2.13.2. DLL Calibrated DQS Delay and Control Block (DQSBUF)

To support DDR memory interfaces (DDRRBDDR?2/3), the DQS strobe signal from the memory must betased
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDRdeeic®ry
aligned to data transitions and must be time shifted before it can be usedpture data in the PIC. Thime shifted is
achieved by using DQSDEL programmable delay line in the DQS Delay Block (DQS redtheil2QI§DEL is
implemented as a slave delay line and works in conjunction with a master DDRDLL.

This block also includeslave delay line to generate delayed clocks used in the write side to generate DQ an#fDQS
correct phases within one DQS group. There is a third delay line inside this block used to provide writeféataliag

for DDR write if needed.

Each of theead and write side delays can be dynamically shifted using margin control signals that can be controlled by
the core logic.

FIFO Control Bloghown inFigure2.24 generates the Read and Write Pointers for the FIFO block inside the Input
Register Block. These pointers are generated to control the DQS to ECLK domain crossing using the FIFO module.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnethtticesemi.com/legal
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—

Preamble/ Postamble Management ——» BURSIDET
&
Burst Detect ———» DATAVALD
HFO Control & Datavalid > FOPNTR2:0]
Generation L » WRPNTR20]
Read Sde Save Delay with ——» DQSRY0 (Read Sde
Dynamic Margin Control ( )
——» DQSW (Write Sde)
Write Sde Save Delay with DQSN270 (Write Sde)
Dynamic Margin Gontrol » RDCAAG
——» WRCHAG
Write
Leveling

Figure2.24. DQS Control and Delay Block (DQSBUF)

Table2.11. DQSBUF Potist Description

Name Type Description

DQS Input DDR memory DQS strobe

READI[1:0] Input Readinput from DDR Controller

READCLKSEL[1:0] Input Read pulse selection

SCLK Input Slow System Clock

ECLK Input High Speed Edge Clock (same frequency as DDR memory)
DQSDEL Input 90° Delay Code from DDRDLL

RDLOADN, RDMOVE, RDDIRECTION Input Dynamic MargirControl ports for Read delay

WRLOADN, WRMOVE, WRDIRECTION Input Dynamic Margin Control ports for Write delay

PAUSE Input | DORDLL Cods update or wite Levelng

DYNDELAY[7:0] Input Dynamic Writd_eveling Delay Control

DQSR90 Output 90° delay DQS used for Read

DQSW270 Output 90° delay clock used for DQ Write

DQSW Output Clock used for DQS Write

RDPNTR[2:0] Output Read Pointer for IFIFO module

WRPNTR[2:0] Output Write Pointer for IFIFO module

DATAVALID Output Signal indicating start of valid data

BURSTDET Output Burst Detect indicator

RDFLAG Output Read Dynamic Margin Control output to indicate max value
WRFLAG Output Write Dynamic Margin Control output to indicate max value
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2.14. sysl/O Buffer

Each I/O is associated with a flexible buffer referred to as a sysl/O buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The sysl/O buffers allow users to implement the widef/ariety
standards thatare¥ dzy R Ay (2RI &8Qa aedadsSyvya AyOfdzZRAyYy3I UVETR{VPECY | [ =
and MIPI.

2.14.1. sysl/O Buffer Banks

ECP5/ECPSG devices have seven sysl/O buffer banks, two banks per side at Top, Left and Right, plus one at the
bottom left side. The bottom left side bank (Bank 8) is a shared 1/0 bank. The 1/Os in that bank contains both dedicated
and shared 1/O for sysConfig function. When a shared pin is not used for configuitaiscavailable as aser 1/0. For
LFESB5 devces, there is an additional 1/0 bank (Bank 4) that is not available in other devicefamntig

In ECP5/ECPS5 devices, the Left and Right sides are tailored to support high performance interfaces, BIRRZS
DDR3, LPDDR2, LPDDR3 and other highl megce synchronous standards. The banks on the LefRégit sides of

the devices feature LVDS input and output buffers, daidth gearing, and DQSBUF block to support DDR2/3 and
LPDDR2/3 interfaces. The I/Os on the top and bottom banks do not hagibhpil and outpubuffer, and gearing

logic, but can use LVCMOS to emulate most of differential output signaling.

Each syslO bank has its own 1/0 supply voltage @/ In addition, the banks on the Left and Right sides ofihéce,

have voltage refenece input (shared 1/0 pin), VREF1 per bank, which allow it to be completely indeperidsmth

other. TheVrervoltage is used to set the threshold for the referenced input buffers, such asB&Ire2.25 shows the
seven banks and their associated supplies.

In ECP5/ECPE5 devices, singlended output buffers and ratioed input buffers (LVTTL, and LVCMOS) are powered
usingVccio LVTTLLVCMOS33, LVCMOS25 and LVCMOS12 can also be set as fixed threshold inputs independent of
Vccio

0 I A W T O A
| [ |
| b |
‘ L |
Bank 0 Bank 1
VRSN — : 1
REFL(7) : ; ; | e
| ! |
! |
Veagor - i~ g, L Voo
} } g '\’} |
D | ! ++ VREFLQ)
,,,,,, i RS -
E Q
I
V, oo - N B =
REFL(6) ‘ ! ! GND
‘ o ! 1
Vooos |2 g —+Vaoos
} | g ‘*’} } v
|
GND =1 | Banks | e
GONHAG BANK Bank 4%
| | | \
P | ————— |
| | | |

*Note: Only 85K device has this bank.

Figure2.25. ECP5/ECPSG Device Family Banks
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ECP5/ECPAG devices containio types of sysl/O buffer pairs:
1 Top (Bank 0 and Bank 1) and Bottom (Bank 8 and Bank 4) syslO Buffer Pair& (8idji@nly)

¢Ké déalLkh 0dZFFSNE Ay GKS .Fyla i UBYRSERR2 628344 YREBF ¢
aAYVERBSRONFPENE ® ¢KS Lkha Ay GKS&S obtyla | 8®dz/RGSBA dzt
ﬁATTSNEYuAIf 2dzii Lddz4d LI AN ¢KSe FNB dzaASR I& X @ZRADA Rdzif
FNB O2YLI (xo@8t ah A& KBS IXKESY dzaSR |a SYdz F iSR RATFTTFSNEB
23S0 KSND

¢CKS (2L FyR 0602GG2Y &aARS Lha Ifaz2 &adzZJ2NI K24dF&NBOLSGAYy
ARSIFf F2NJ 3SYSNI{f LJzN132 &S LwhaddIZEMOE AI25/FEK /28N3 TRddd dAz
RAFTFSNBYGALE aAxdaylrtAiayao

.yl n Lkh 2yfmep SE3@XNGSay (KS [C9p

byl y A& b oozGl2Y olyl GKIFG aKINBa 6AGK aea/2y¥ L «
0KS RSOAOSP® hyHE NKSODEWFIEIMI (6KSaS LWKKBAGH L k& Mﬁm$
Fdzy Ol A2yl f aAadaylrfa Ay KAia RSairdyo

¢KS (2L YR 0620GG2Y &4ARS LI Ra Oly 0SS ARSYGAFTASR o6& (K¢

1 Left and Right (Banks 2, 3, 6 and 7) sysl/O Buffer Pairs (50%ifflezad 100% SinglEnded Outputs)

¢KS d@alLkh o0dzZFFSNI LI ANR Ay GKS f STHYRBR BRIA KIzI0 IRWR 3 S3

AAYVERBSR Ay Llzi o0dzZFFSNBR 60020K NYdA2SR | yR NBEHINRY KIS RO

I K& 1IFKS R R)\?TSN.B)/U)\If 2dzi LddziT RNA @SN hyS 2F RAKFS S\NNSHIIN

Ay Lzl @ y (KSasS olyla (GKS (62 LIREA Ay (KIS RIAN I ANDB2 X
GAIGK2BKEADAS &aARS 2F GKS RAFFSNByYyGAlIf LkhX FYyR G4KS 02
A4ARS 2F (KS RATFTFSNBY(GALIf Lkho

LY FRRAGAZY S TG_&I\F\ELEIII\NyYLYdIzuoquSI\E]YW)/IuAZ)/ OLI N £fSt 2N RATT
IKSaSa>a ARKAOK Aa NBIldzANBR F2NJ 55wo Waucsmsru maummswrssw
f20FGSR 2y (GKS tSTG FyR NARIKG aARS 2F (GKS RSOAOS | a ¢
[ £+5{ RATFTFSNBYGAI{ 2 dzimNdz2 FTRNIIKSBS NAZFFISBII LBANEI @FS GKYE ff S

2.14.2. Typical sysl/O I/O Behaviaturing Powerup

The internaPowerOnReset(POR) signal is deactivated whéit; Vccioand Vecauhave reached satisfactorgvels.

After the POR signal is deactivated, ¢ D! O2NBE t 23A0 06S02YSa | OénsueShatall G A a
other Vccidbanks are active with valid input logic levels to properly control the output logic statdstbg I/O banks

that are critical to the application. For moregfdnmation about controlling the output logic state withalid input logic

levels during poweunp in ECP5/ECPH5 devices, see the list of technical documentatioBupplementalnformation

section on pagd.02

TheVccand Vecausupply the power to the FPGA core fabric, whereas\itweosupplies power to the 1/O buffers. In
order to simplify system design while providing consistent and predictable 1/0 behavior, it is recomnteatte 1/0
buffers be powereelp prior to the FP& core fabricVccissupplies should be poweredp before ortogether with the
Vccand Vecausupplies.

2.14.3. Supported sysl/O Standards

The ECP5/ECHB%s sysl/O buffer supports both singgeded and differential standards. Singladed standardsan be

further subdivided into LVCMOS, LVTTL and other standards. The buffers support the LVTTL, LYCMCH,

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 ma@mance (weak pullip, weak puldown, or a buskeeper latchand open drain.

Other singleended standards supported include SSTL and HSUL. Differential standards supported include LVDS,
differential SSTL and differential HSUL. For further information iiningy the sysl/O buffeio support a variety of
standardsyefer to ECP5 and ECB® syslO Usage Gui(leN1262)
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2.14.4. On-Chip Programmale Termination

The ECP5/ECP%& devices support a variety of programmableobiip terminations options, including:
1 Dynamically switchable Singihded Termination with programmable resistor values ok5@5K, or 150K.
1 Common mode termination of 10R for differential inputs

Vaio Z0=50

Z20=507K 75K, or 150 K

I
to Vo /2 contro

20

'
Sﬂm[:t, > “

VREF
_ OF~chip : ON-chip R < OF~chip ON-chip >
Parallel Sngle-Ended Input Differential Input
Figure2.26. OnChip Termination

SeeTable2.12 for termination options for input modes.

Table2.12. On-Chip Termination Options for Input Modes
I0_TYPE Terminak to Vccid2* Differential Termination Resistdr
LVDS25 T 100
BLVDS25 T 100
MLVDS T 100
LVPECL33 T 100
subLVDS T 100
SLVS T 100
HSUL12 50, 75, 150 T
HSUL12D T 100
SSTL135_I/1 50, 75, 150 T
SSTL135D_1/11 T 100
SSTL15_1/1 50, 75, 150 T
SSTL15D_I /11 T 100
SSTL18 I/l 50, 75, 150 T
SSTL18D_I /1l T 100

*Notes:

TERMINATE tac¥id2 (SingleEnded) and DIFFRENTIAL TERMINATION RESISTOR when turned on caomalsditvg per bank.
Only left and right banks have this feature.

Useof TERMINATE ta:¥Mdé2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in a@i¥€hipatdemination
tolerance+20%.

Refer toECP5 and ECB& syslO Usage GuifleN1262¥or on-chip termination usage and value ranges.

2.14.5. Hot Socketing

ECP5/ECPSG devices have beararefully designed to ensure predictable behavior during pewgand powerdown.
During powetrup and powerdown sequences, the 1/0s remain in tristate until the power supply voltagigisenough
to ensure reliable operation. In addition, leakage into pins is controlled within specified limitSee theHot
Socketing Specificatiorsgction on pagds.
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2.15. SERDES and Physical Coding Sublayer

LFESUM/LFES5UMSG devices feature up to 4 channels of embedded SERDES/PCS arrangbdrinelbkcks at the
bottom of the devices. Each channel supports up to 32GECP5), or up to 5% (ECP5G)data rate.Figure2.27
shows the position of the dual blocks for the LI8S5Table2.13 shows the location of available SERDES Daoradd|
devices. The LFESUM/LFE5SUM5G SERDES/PCS supports a range of populatosaiislincluding:
1 PCI Express Genl and Gen2 (hks)3®n ECP5UM; Gen 1, Gen2 (2t3s@nd 5 G&/s) on ECP5G
1 Ethernet (XAUI, Gb1000 Base CS/SX/LX and SGMII)
1 SMPTEDI (3&DI, HESDI, SEBDI)
1 CPRI(E.6.LV: 614.h0M, E.12.LV: 1228.8l\s, E.24.LV: 2457.6 bk, E.30.LV: 3072 Ms), also

E.48.LV2:4915 Msin ECP5G
1 JESD204A/BADC and DAC converter interface: 31215/$40 3.125 ®/s (ECP5) / 5 8s (ECP5G)

Each dual contains two dedicated SERDES for high speed, full duplex serial data transfer. Each dualR® hlasla

that interfaces to the SERDES channels and contains protocol specific digital logic to support the standards listed above.
The PCS bla@lso contains interface logic to the FPGA fabric. All PCS logic for dedicated protocol support can also be
bypassed to allow raw-Bit or 10-bit interfaces to the FPGA fabric.

Even though the SERDES/PCS blocks are arranged in duals, multiple bawhragesupported within a dualith the
use of dedicated, per channel /1, /2 and /11 rate dividers. Additionally, two duals can be arranged tdgdtren x4
channel link.

ECP5UM devices and E€F®5devices are pito-pin compatible. But, the ECP5UM desaequire 1.1 V oWCCA,
VCCHRX and VCCHTX supplies -BH&HEBvices require 1.2 V on these supplies. When desigitimgy family device
with migration in mind, these supplies need to be connected such that it is possible to tjusiltage level onttese
supplies.

When a SERDES Dual inrL@l device is not used, the power VCCA power supply for that Dual should be connected. It
is advised to connect the VCCA of unused channel to core if the user knows he will not use theaQual iashould
be connected to a different regulated supply, if that Dual may be used in the future.

For an unused channel in a Dual, it is advised to connect the VCCHTX to VCCA, and user can leave VCCHRX
unconnected.

For information on how to use the SERDES/PCS bloclpptors specific protocols, as well on how to combine
multiple protocols and baud rates within a device, refeE@0P5 and ECB& SERDES/PU&ge GuidéTN1261)
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Figure2.27. SERDES/PCS DuU&BE5UM/LFE5SUM58D)

Table2.13. LFESUM/LFE5SUM5G SERDES Standard Support

Standard Data Rate (Nb/s) Number of General/Link Width Encoding Style
PCl Express 1.1 and 2.0 2500 X1, X2, x4 8b10b
2.02 50002 x1,x2 8b10b
Gigabit Ethernet 1250 x1 8b10b

1250 x1 8b10b
SGMII

2500 x1 8b10b
XAUI 3125 x4 8b10b
CPRIL 614.4
CPRR 1228.8
CPRB 2457.6 x1 8b10b
CPRH 3072.0
CPRb 4915.2?
SDSDI (259M, 344M 270 x1 NRZI/Scrambled
HD-SDI (292M) 14835 x1 NRZI/Scrambled

1485

2967 x1 NRZI/Scrambled
3GSDI (424M) 2970

5000 T T
JESD204A/B 3125 x1 8b/10b

Notes

1. ForSDSDI ratethe SERDESbypassed an@ERDES inpsignals are directly connected to the FPGA routing.
2. For ECR5G family devicesnly.
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Table2.14. Available SERDES Duals per LFESUM/LFE5UMS5G Devices

Package LFESUM/LFE5SUM525 LFESUM/LFE5UM5&5 LFESUM/LFE5UM586
285 csfBGA 1 1 1
381 caBGA 1 2 2
554 caBGA T 2 2
756 caBGA T T 2

2.15.1. SERDES Block

A SERDES receiver channel may receive the serial differential data stream, equalize the signal, perform @d¢ak and
Recovery (CDR) and-derialize the data stream before passing th@810-bit data to the PCS logic. TBERDES
transmitter channel may receive the parallel@ 10-bit data, serialize the data and transmit the serialdtieam

through the differential driversFigure2.28 shows a singlehannel SERDES/PCS block. Each SERIDEE 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 SERPLL shares the same power supply (VCCA). The adjpinput
buffers of each channel have their own independent power supplies (VCCHTX and VCCHRX).

|
: SERDES I PCS | FeAGre
| : Recovered lock* |
| RX_REFOK —_— Y T : P Recovered Qock
! |
: I ¥ y :
|
HDINP i OocEDaIa Deserializer ! Pol!rity Word Alignment c;T'C Downsample : Receive Dat.
HDINN Equalizer Recovery L8110 | | Adjust 8b/10b Decoder AFO AFO | P> Receive Data
! Receiver !
ass ass
: B Bypass P Receive Qock
| |
I TXPLL I
TXREFAK  —P Hp- SFRDESTx dock
: (Per Dual) A X
| |
| |
|

De-emphasis
Tx Driver

HDoUTP Serializer
HDOUTN 8:1/10:1

*1/8or 1/10line rate

8b/10b
Encoder

Upsample .
AFO d—l;l Transmit Data
|
S
Transmit ock

Bypass

Figure2.28. SimplifiedChannel Block Diagram for SERDES/PCS Block

2.15.2. PCS

As shown irFigure2.28, the PCS receives the parallel digdata from the deserializer and selects the polarity,
performs word alignment, decodes (8b/10b), provides Clock Tolerance Compensation and transfers tterkiok
from the recovered clock to the FPGA clock via the Down Sample FIFO.

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

The PCS also provides bypass modes that allow a di@to8 10-bit interfacefrom the SERDES to the FHGc. The
PCS interface to the FPGA can also be programmed to run at 1/2 speed fbitad80-bit interface tothe FPGA logic.
Some of the enhancements in LFESUM/LFESUM5G SERDES/PCS include:

1 Higher clock/channel granulayit Dual channel architecture provides more clock resource per channel.

1 Enhanced Tx demphass: Programmable preand postcursors improves Tx output signaling

1 Bit-slip function in PCS: Improves logic needed to perform Word Alignment function

Refer to ECP5 and ECB& SERDES/PCS Usage GuN&261for more information.
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2.15.3. SERDES Client Interface Bus

The SERDES Client Interface (SCI) is an IP interface that allows the user tthehemggguration thru thisnterface.
This is useful when the user needs to finee some settings, such as input and output buffer that neete
optimized based on the channel characteristics. It is a simple register configuration interface thatSHRDES/PCS
configuration without power cycling the device.

The Diamond design tools support all modes of the PCS. Most modes are dedicated to applications asgttiated
specific industry standard data protocol. Other more general purpose modes adlers to define their owperation.
With these tools, the user can define the mode for each dual in a design.

Popular standards such as Gb Ethernet, x4 PCI Express and 4x Serial RapidlO can be implemented (asiaitptite
through Lattice), with twaluals (Four SERDES channels and PCS) and some additional logic . the

The LFES5UM/LFE5UMS5G devices support a wide range of protocols. Within the same dual, the ILFESUMSG
devices support mixed protocols with semdependent clocking as lorag the required clock équencies are integer
x1, x2, or x11 multiples of each oth@mable2.15lists the allowable combination of primaand secondary protocol
combinations.

2.16. FlexibleDual SERDES Architecture

The LFESUM/LFE5UMS5G SERDES architecturaaschdnnebased architecture. For most SERDES settinds
standards, the whole dual (consisting of two SERDES channels) is treated as a unit. This helps in sf@ongsea
better utilization, higher granularity on clock/SERDES channel and deerat|cost.

However, for some specific standards, the LFESUM/LFE5UM5@Ithraiel architecture provides flexibility; more
than one standard can be supported within the same dual.

Table2.15lists the standards that can be mixed and matched within the same dual. In general, the SERD&SSs
whose nominal data rates are either the same or a defined subseadf other, can be supported withihe same
dual. The two Protocol columnef the tabledefine the different combinations of protocols that can inglemented
together within a Dual.

Table2.15. LFESUM/LFE5UBG Mixed Protocol Support

Protocol Protocol

PCI Express 1.1 with SGMII

PCIl Express 1.1 with Gigabit Ethernet
CPRB with CPRR and CPR1
3GSDI with HDSDI and SBDI

There are some restrictions to be aware of when using spread spectrum clodkieg. a dual shares a PFEXpress x1
channel with a nofPCI Express channel, ensure that the reference clock for the dual is compatibédl withtocols
within the dual. For example, a PCI Express spread spectrum reference clock is not compatinlesv@rgabit
Ethernet applications because of tight CTC ppm requirements.

While the LFESUM/LFE5UMSG architecture will allow the mixing of a PCI Express channel and a GigabibEthernet,
SGMII channel within the same dual, using a PCI Express spread spaotrkimg as the transmit referenctock will
cause a violation of the Gigabit Ethernet, and SGMII transmit jitter specifications.

For further information on SERDE&er to ECP5 and ECB&S SERDES/PCS Usage Guide (TN1261)

2.17. |IEEE 1149:Compliant Boundaryscan Testability

All ECP5/ECPS5 devices have boundary scan cells that are accessed through an IEEE 1149.1 compliane3est
Port (TAP). This allows functional testing of the circuit board on which the device is mounted threerifgl acan path
that can access all critical logic nodes. Internal registers are linked internally, allowing test Hatahifted in and
loaded directly onto test nodes, or test data to be captured and shifted out for verification. Thacsss port
consists of dedicat&!/Os: TDI, TDO, TCK and TMS. The test access port uses VCCIO8 fuppiyer

For more informationrefer to ECP5 and ECB& sysCONFIG Usage G(idé¢1260)
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2.18. Device Configuratio

All ECP5/ECPHS devices contain two ports that can be used for device configuration. The Test AccgSa\Phrt
which supports biwide configuration, and the sysCONFIG port, support-tiytd, byte and serial configuration. The
TAP supports both thé&eEE Standard 1149.1 Boundary Scan specification and the IEEE Sta8ddrystem
Configuration specification. There are 11 dedicated pins for TAP and sysConfig suppofBQIDICK, TMS, CFG[2:0],
PROGRAMN, DONE, INITN and CCLK). The remainingFR¥&@ids are used daal function pinsRefer toECP5 and
ECP5%G sysCONFIG Usage Guide (TNIfa6@)ore information about usinthe duatuse pins as general purpose
I/Os.

There are various ways to configune BCP5/ECPSG device:

JTAG

Standard Serial Peripheral Interface (fPhterfaceto boot PROM Support x1, X2, x4 wide SPI menmeyfaces.
System microprocessor to drive a x8 CPU port SPCM mode

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

Slave Serial model (SCM)

On powerup, the FPGA SRAM is ready to be configured using the selected sysCONFIG port. Once a copfiguistion
selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be activaient after
power-up by sending the appropriate command through the TAP port.

ECP5/ECPSG devices also support the Slave SPI Interfadiid mode, the FPGA behaves like a SPI Biashe (slave
mode) with the SPI port of the FPGA to perform reatite operations.

=A =4 =4 =4 =4

2.18.1. Enhanced Configuration Options

ECP5/ECPSG devices have enhanced configuration features such as: decryption support, dessioprsupport,
¢ NI yaCwxu Lbodiand nfuRibot dmade support.

¢CNIyaCw O0¢NIyaLIl NByld CASEtR wSO2y FAIdzNI GA2Y 0

TransFR I/O (TFR) is a unique Lattice technology that allows users to update their logic in the field without interrupting
system operatiorusing a single ispVM command. TransFR I/O 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 dowR&feeto
Minimizing System Interruption During Configuration Using TransFR Tech(ibiD§87Yor details.

S5dar 2 2 G | yiR2 Zaldzf LivAF 3 S { dzLJLJ2 NI

Duatboot and multiboot images are supported for applications requiring reliable remotaatgs 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
ECP5/ECPAG devices can be+@ooted from this new configuration file. If there is a problem, such as codatzt

during download or incorrect version number with this new boot image, the ECP5/HEER8vice can revebiack to

the original backup goldeconfiguration and try again. This all can be done without power cycling the system. For more
information, refer to ECP5 and ECB& sysCONFIG Usage Guide (TN1260)

2.18.2. Single Event Ups€SEU) Support

ECP5/ECPAG devices support SEU mitigation with three supporting functions:

i SELDx Soft Error Detect

1 SEQ Soft Error Correction

1 SEKk Soft Error Injection

ECP5/ECPSG devices have dedicated logic to perform Cycle Redundancy Code (GIR€)Bheng configuration, the
configuration data bitstream can be checked with the CRC logic block. In addition, the ECPBAEERSe can also be
programmed to utilize a Soft Error Detect (SED) mode that checks for soft errors in configuration SREFDTh
operation can be run in the background during user mode. If a soft error occurs, duringiader(normal operation)
the device can be programmed to generate an error signal.
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When an error is detected, and the user's error handling software detersrtine error did not create any risk to the
system operation, the SEC tool allows the device to beordigured in the background to correct the affected Bihis
operation allows the user functions to continue to operate without stopping the systemifumct

Additional SEI tool is also available in the Diamond Software, by creating a frame of data to be programmhed into
device in the background with one bit changed, without stopping the user functions on the device. This emulates an
SEU situation, all@ing the user to test and monitor its error handling software.

For further information on SED supporgfer to LatticeECP3, ECP5 and EBBS5oft Error Detéion (SED)/Correction
(SEC) Usage GuifleN1184)

2.18.3. On-Chip Oscillator

Every ECP5/ECBS device has an internal CMOS odoiflavhich is used to derive a Master Clock (MCLK) for

configuration. The oscillator and the MCLK run continuously and are available to user logic after configuration is

completed. The software default value of the MCLK is nominally 2.4 Me2.16 lists all the available MCLK

frequencies. When a different Master Clock is selected during the design process, the following sequenuacakes

1. 5SGA0S dAR #3NXK | y2YAylf al adSNI /201 FNBIljdzSyOe 27F Hodn

2. 5dzZNAYy3 O2yFAIdzZNI GA2y T dzaSNE aSt SO0 I RAFFSNBYyG YI adgSNI (

3. ¢KS alaidSNI/t201 FTNBIldSSyodoe OKIy3asSa G2 GKS asStSOGSR FNBI

4. LT (GKS dz&ASKISRZSE yWw2&GSN) Of 201 FTNBIljdSyoes (KSy (KS O2yT¥.
FTNBIjdzSyde 2F won allo

This internal oscillator is available to the user by routing it as an input clock to the clock tree. For further infomation

the use of this ostiator for configuration or user modegfer to ECP5 and ECB& sysCONFIGage GuidéTN1260)

and ECP5 and ECB& sysClock PLL/DLL Design and Usage GiNd263)

Table2.16. Selectable Master Clock (MCLK) Frequendgsng Configuration (Nominal)
MCLK Frequency (MHz)

2.4

4.8

9.7

194

38.8

62

2.19. Density Shifting

The ECP5/ECE%s family is designed to ensure that different density devicésérsame 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 low
utilization design targeted for a higensity 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 Besommzy

No Connects ismaller devices in the same package. Refer to the ECP5AEPH Migration Tablesd Diamond
software for specific restrictions and limitations.
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3. DC and Switching Characteristics

Ol dza S

3.1. Absolute Maximum Ratings
Table3.1. Absolute Maximum Ratings
Symbol Parameter Min Max Unit
Vce Supply Voltage ¢0.5 132 \%
Veea Supply Voltage ¢0.5 1.32 \%
Veeaux Vecauxa Supply Voltage ¢c0.5 2.75 Vv
Veeio Supply Voltage ¢0.5 3.63 \%
T Input or I/0 TransienVoltage Applied ¢0.5 3.63 \%
VeeHrx VecHTX SERDES RX/TX Buffer Supply Voltages ¢0.5 1.32 \%
T Voltage Applied on SERDES Pins ¢0.5 1.80 \%
Ta Storage Temperature (Ambient) ¢65 150 C
T, Junction Temperature T +125 T
Notes
1. Stress above those listetty RSNJ (1 KS &! 6az2fdzi$ al EAYdzy wlkidAy3Iaée YI &
operation of thedevice at these or any other conditions above those indicated in the operational sections of this specification is
not implied.
2. Compliance with the LatticEhermal Managemerdocument is required.
3. All voltages referenced to GND.
3.2. Recommended Operating Conditions

Table3.2. Recommended Operating Conditions

Symbol Parameter Min Max Unit
ECP5 1.045 1.155 \Y,
Veé Core Supply Voltage ECPEG 11 126 v
Vecauk 4 Auxiliary Supply Voltage T 2.375 2.625 \%
Veeié 8 I/O Driver Supply Voltage T 1.14 3.465 \%
VRet Input Reference Voltage T 0.5 1.0 V
ticom Junction Temperature, Commercial Operation T 0 85 T
tanp Junction Temperature, Industrial Operation T ¢40 100 C
SERDES External Power Supply
ECPBEM 1.045 1.155 \Y
Veea SERDES Analog Power Supply ECPEG 164 1236 v
Veeauxa SERDES Auxiliary Supply Voltage T 2.374 2.625 \%
Veenrk SERDES Input Buffer Power Supply ECPSUM 0-30 1.155 v
ECP5%G 0.30 1.26 \Y
ECP5UM 1.045 1.155 \Y
VecHTx SERDES Output Buffer Power Supply ECPEG 114 126 v
Notes
1. For correct operation, all supplies excepi¥nhust be held in their valid operation range. This is true independent of feature
usage.
2. Al sgupplies with same voltage, exc&ERDBSower Supplies, should be connected together.
3. See recommended voltages by I/O standardédble3.4 on page48.
4. Vccauxamp rate must not exceed 30 mV/us during powgrwhen transitioning between 0 V and 3 V.
5. Refer toECP5 and ECB&S SERDES/PCS Usage GuN#&261¥or information on board considerations for SERDES power
supplies.
6. VCEERjg. used for Rx termination. It can be biased to Vcm if external AC coupling is used. This voltage needs to meet all the HDin

input voltage level requirements specified in the Rx &ecof this Data Sheet.
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3.3. Power Supply Ramp Rates

Table3.3. Power Supply Ramp Rates
Symbol Parameter Min Typ Max Unit
traMP Power Supply ramp rates for all supplies 0.01 T 10 V/ms

Note: Assumes monotonic ramp rates.

14, PowerOn-Reset Voltage Levels

Table3.4. PowerOn-Reset Voltage Levels

Symbol Parameter Min Typ Max Unit
PowerOn-Reset rampup Vee 0.90 t 1.00 v
VpoRuUP All Devices | trip point (Monitoring \&g Vecaux 2.00 T 2.20 Y,
VCCAUXand \éC|O} VCC|08 0.95 T 1.06 \%
PowerOn-Reset ramp Vee 0.77 T 0.87 \Vi
VpoRDN All Devices | down trip point (Monitoring
Veg and \caux Vecaux 1.80 T 2.00 \%
Notes

1  These POR trip points are only provided for guidance. Device operation is only characterized for power supply voltagds specif
underrecommended operating conditions.

1 Only \&codas a PoweDnReset ramp up trip point. All otherc¥ogo not have PoweOnReset ramp up detection.

1 Vcciosloes not have a Powddn-Reset ramp down detection. ¥ odnust remain within the Recommended Operating
Conditions taensure proper operation.

3.5. Powerup Sequence
PowerOnReset{(PORputs the ECP5/ECP%s device in a resastate. POR is released wh¥sg VecauxandVecioare
ramped above th&/roruwvoltage, as specified above.

Vcciogontrols the voltage on the configuration 1/0 pins. If the ECP5/EBGP8evice is using Master SPI meale
download configuration data from external SPI Flash, it is required to MonpsaboveVik of the external SHflash,
before at least one of the other two suppliégcand/or Vccauk is ramped to ¥orywoltage level. If thesystem cannot

meet thispower up sequenceequirement, and requires th¥cciodo be ramped last, then theystem must keep either
PROGRAMN or INITN pin LOW during power up, Wogibseachesvinof the externalSPI Flash. This ensures the
signals driven out on the configuratiins to the external SPI Flash meet Yhevoltage requirement of the SPI Flash.

For LFESUM/LFE5UMSG devices, it is required to powWedspbeforeVecauxis powered up.

3. Hot Socketing Specifications
Table3.5. Hot Socketing Specifications

Symbol Parameter Condition Min Typ Max Unit
Input or 1/0O Leakage Current
IDK_HS for Top and Bottom Banks | 0¢ Vin¢ Vin(Max) T T +1 mA
Only
Input or 1/0 Leakage Current 0 ¢ Vin<Vccio T T £ mA
IDK .
for Left and RighBanks Only | oqiot Vin¢ Vecior 0.5V T 18 T mA
Notes

1. Vcg VecauandVecishould rise/fall monotonically.

2. |DKiS additive t0|PU, lpwoOr lgn

3. LVCMOS and LVTTL only.

4. Hot socket specification defines when the hot socketed device's junction temperature is@8Helow. When the hot
socketed device'ginction temperature is above 8&, the pkcurrent can exceedl mA.
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3.7. Hot Socketing Requirements

Table3.6. Hot SocketindRequirements

Description Min Typ Max Unit
Input current per SERDES 1/O pin when device is powered down and in

! T T 8 mA
driven.
Input current per HDIN pin when device pamsupply is offinputs drivert: 2 T T 15 mA
Current per HDIN pin when dee power ramps up, input drivén T T 50 mA
Current per HDOUT pin when device powagpy is off, outputs pulled up T T 30 mA

Notes

1. Device is powered down with all supplies grounded, daBiNP and HDINN inputs driven by a CML driver with maximum
allowed outputVecH1x8b/10b data, no external AC coupling.

2. Each P and N input must have less than the specified maximum input current during hot plug. For a device with 2 DCU, the tota
input current would be 15 mA * 4 channels * 2 input pins per channel = 120 mA.

3. Device power supplies are ramping up&@and \&cauy both HDINP and HDINN inputs are driven by a CML driver with
maximumallowed output \bcyrx8b/10b data, internal AC coupling.

4. Devte is powered down with all supplies grounded. Both HDOUTP and HDOUN outputs are pulleddupidy Ve far end
receiver termination of 5@ single ended.

3.8. ESD Performance

Refer to theECP5 and ECB& Product Family Qualification Summoycomplete qualification datancluding ESD
performance.

3.9. DC Electrical Characteristics
Over Recommended Operating Conditions

Table3.7. DCElectrical Characteristics

Symbol | Parameter Condition Min Typ Max Unit
Iy, gt 4 Input or I/O Low Leakage 0¢ ViN¢ Vecio T T 10 HA
lt 3 Input or /O High Leakage Veeiok VNG Vinwax) T T 100 A

I/0 Active Putp Current

| sustaining logi¢lIGH state 0.7Veaidt Vine Vecio G0 t t KA
PU
I/O Active Putup Current pulling
Vi TV T T 150 A
down from logic HIGH state 0¢Vin¢ 0.7Vecio < H
I/0 Active Puldlown Current
O ) 0¢ Vin¢ ViL(MAX 30 T T A
Ip sustaining logic LOW state N i ) H
I/0 ActivePultdown Current 0¢ Vin € Vecio T T 150 LA

pulling up from logic LOW state

Vea=3.3V,25V,18V,15V,1.2

ca I/O Capacitance V) T 5 8 pf
Vee= 1.2 VVio= 0 to VIHMAX)
. . Vecio=3.3V,25V,18V,15V, 1.2
Q Dedicated Input Capacitante v T 5 7 pf
Vee= 1.2 VVio= 0 to VIHMAX)
v Hysteresis for SinglEnded Veci= 3.3V T 300 T mvV
ST | Inputs Veoios 2.5 V T 250 T mv
Notes

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

2. Ta25°C, f=1.0 MHz.

Applicable to general purpose 1/Os in top and bottom banks.

4.  When used aspa¢; maximum leakge= 25 pA.

w
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310, Supply Current (Standby)

Overrecommended operating conditions
Table3.8. ECP5/ECP5G Supply Current (Standby)

Symbol Parameter Device Typical Unit
LFESHL2F/LFES-25F/ LFESUMSF 77 mA
LFE5UM5@5F 77 mA
LFE®-45F/ LFESUMISF 116 mA
lcc Core Power Supply Current
LFE5UMS@5F 116 mA
LFE®-85F/ LFE5UMSSF 212 mA
LFE5UM5S@G5F 212 mA
LFE5SLL2F/LFES-25F/ LFESUMSF/ 16 mA
N LFE5UM5&5F
lecaux Auxiliary Power Supply Current LFES-45F/ LFESUMISF/ LFESUMS@5F 17 mA
LFE®-85F/ LFESUMSF/ LFESUMS85F 26 mA
LFESHL2F/LFES-25F/ LFESUMSF/ 05 mA
LFESUM5@5F '
lccio Bank Power Supply Current (Per Bank | FEg) 45F/ | FESUMISF/ LFESUMS@5F 0.5 mA
LFES-85F/ LFESUMSF/LFESUMS@G5F 0.5 mA
LFESUMRSF 11 mA
LFE5UM5@5F 12 mA
| SERDES Power Supply Current (Per LFESUMISF 9.5 mA
ceA Dual) LFE5UM5@5F 11 mA
LFE5UMBSF 9.5 mA
LFE5UM5S@G5F 11 mA
Notes

9 For further information on supply current, see the list of technical documentati@upplementalnformationsection on page
102

Assumes all outputs are tristated, all inputs are configured as LVCMOS and heltV/aigbeGND.

Frequency 0 Hz.

t P GGSNY NBLINBaSyida | aotlylé O2yFAIAdzNI GA2y RIEGE FAf SO
T,= 85%C, power supplies at nominal voltage.

To determine the ECP5/ECB6G peak starup current, use the Power Calculator tool in the Lattice Diamond Design Software.

= =4 -8 -4 -
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1. SERDES Power Supply Requiremehts

Overrecommended operating conditions

Table3.9. ECPEIM

Symbol ‘ Description Typ Max Unit
Standby (Power Down)
lccass VceaPower Supply Current (Per Channel) 4 9.5 mA
lcchres VcenrxInput Buffer Current (Per Channel) T 0.1 mA
lccHmss VeentxOutput Buffer Current (Per Channel) T 0.9 mA
Operating (Data Rate 3.125Gh/s)
lccror VccaPower Supply Current (Per Channel) 43 54 mA
lccHr0OP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHT0P VeentxOutput Buffer Current (PeZhannel) 10 13 mA
Operating (Data Rate = 2.50%%)
lccrop VccaPower Supply Current (Per Channel) 40 50 mA
lccHroOP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHTsop VccntxOutput Buffer Current (Per Channel) 10 13 mA
Operating (DateRate = 1.25 @&/s)
lccrop VceaPower Supply Current (Per Channel) 34 43 mA
lccHrRoOP VccnrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHTsoP VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 270lV/6)
lccrop VceaPower Supply Current (Per Channel) 28 38 mA
lccHrRoOP VcchrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHTsop VccntxOutput Buffer Current (Per Channel) 8 10 mA
Notes

1.

Rx Equalization enabled, Tx-Bmphasis (preursor and postursor)disabled

2. Per Channel current is calculated with both channels on in a Dual, and divide current by two. If only one chanoetrisndn
will be higher.
3. To calculate with Tx Bemphasis enabled, use the Diamond Power Calculator tool.
For tcrrsg duringStandby, input termination on Rx are disabled.
For tcrror, during operational, the max specified when external AC coupling is used. If externally DC coupled, the power is
based orcurrent pulled down by external driver when the input is driven to LOW.

ok
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Symbol ‘ Description Typ Max Unit
Standby (Power Down)
lccase VceaPower Supply Current (Per Channel) 4 9.5 mA
lcchred VeenrxInput Buffer Current (Per Channel) T 0.1 mA
lcchmss VeentxOutput Buffer Current (Per Channel) T 0.9 mA
Operating (Data Rate = 5 Gb/s)
lccaop VeeaPower Supply Current (Per Channel) 58 67 mA
lcchroP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VeentxOutput Buffer Current (PeZhannel) 10 13 mA
Operating (Data Rate = 3.2 Gb/s)
lccrop VccaPower Supply Current (Per Channel) 48 57 mA
lcchroP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VeentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (DateRate = 2.5 Gb/s)
lccrop VccaPower Supply Current (Per Channel) 44 53 mA
lecHroOP VeehrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHmop VccntxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 1.25 Gb/s)
lccrop VccaPower Supply Current (Per Channel) 36 46 mA
lecHroOP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 270 Mb/s)
lccrop VceaPower Supply Current (Per Channel) 30 40 mA
lccHroP VccnrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VcentxOutput Buffer Current (Per Channel) 8 10 mA
Notes
1. Rx Equalization enabled, Tx-Braphasis (preursor and postursor)disabled

2.

will be higher.

Per Channel current is calculated with both channels on in a Dual, and divide current by two. If only one chanoefrsmn

3. To calculate with Tx Bemphasis enabledjsethe Diamond Power Calculator tool.

For tcrrsg duringStandby, input termination on Rx are disabled.

For tcrror, during operational, the max specified when external AC coupling is used. If externally DC coupled, the power is
based orcurrent pulled down by external driver when the input is driven to LOW.

ok
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;12. Sysl/O Recommended Operating Conditions

Table3.11. sysl/O Recommended Operating Conditions
Standard 5 Veero 5 )

Min Typ Max Min Typ Max

LVCMOS33 3.135 3.3 3.465 T T T
LVCMOS33mDutput 3.135 3.3 3.465 T T T
LVCMOSZ5 2.375 2.5 2.625 T T T
LVCMOS18 1.71 1.8 1.89 T T T
LVCMOS15 1.425 1.5 1.575 T T T
LVCMOST2 1.14 1.2 1.26 T T T
LVTTL3B 3.135 3.3 3.465 T T T
SSTL15 1, 211 1.43 1.5 1.57 0.68 0.75 0.9
SSTL18 |, 21l 1.71 1.8 1.89 0.833 0.9 0.969
SSTL135 |, 21 1.28 1.35 1.42 0.6 0.675 0.75
HSUL12 1.14 1.2 1.26 0.588 0.6 0.612
MIPI BDPHY LP Inptif 1.425 1.5 1.575 T T T
LVDS2530Qutput 2.375 25 2.625 T T T
subLV&(Input only) T T T T T T
SLVEInput only) T T T T T T
LVDS25®utput 2.375 2.5 2.625 T T T
MLVDSOutput 2.375 25 2.625 T T T
LVPECL33Output 3.135 3.3 3.465 T T T
BLVDSZ530utput 2.375 25 2.625 T T T
HSULD12883 1.14 1.2 1.26 T T T
SSTL135D_I*A 1.28 1.35 1.42 T T T
SSTL15D_I2R” 1.43 1.5 1.57 T T T
SSTL18DL R 3 |1 2.3 1.71 1.8 1.89 T T T

Notes

1. For input voltage compatibilityefer to ECP5 and ECB& syslO Usage Gui(leN1262)
Vgeds required when usinBifferential SSTL and HSUL to interface to DDR/LPDDR memories.

2.
3. These differential inputs use LVDS input comparator, which usgsgower
4

All differential inputs and LVDS25 output are supported in the Left and Right bankRefdsto ECP5 and ECB& syslO
Usage GuidéTN1262¥or details.

5.  MIPI DPHY LP input can be implemented by powering VCCIO to 1.5V, and select MIPI LP primitive to meet MIPI Alliance spec

on Viyand M. It can also be implemented as LVCMOS12 with VCCIO at 1.2V, which wouldiivgetpéc on LVCOM12.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswenetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatioiosraation herein are subject to change without notice.
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3.13. sysl/O SingleEnded DC Electrical Characteristics
Table3.12. SingleEnded DC Characteristics
Input/Output Vi \ VoLMax VorMin
lo (MA | mA
Standard Min (V) | Max (V) Min (V) | Max (V) V) V) 2T | e
LVCMOS33 c0.3 0.8 2.0 3.465 0.4 Voo 04 | 16, 12, 8, 4 Cig 212-
LVCMOS25 0.3 0.7 1.7 3.465 0.4 Veai 044 | 12,8,4 | ¢12,¢8,¢4
LVCMOS18 0.3 | 0.35\co | 0.65\cio | 3.465 0.4 Voo 0.4 | 12,8,4 | ¢12,¢8,c4
LVCMOS15 0.3 | 0.35\cio | 0.65\cio | 3.465 0.4 Veeies 0.4 8, 4 ¢8, ¢4
LVCMOS12 0.3 | 0.35\cio | 0.65\cio | 3.465 0.4 Veeis, 0.4 8, 4 ¢8,c4
LVTTL33 0.3 0.8 2.0 3.465 04 | Voo 04 | 16,12, 8, 4 ci‘; Ccf'
SSTL18_| VRERS
— 0.3 Vrert 0.125|  3.465 0.4 Veeics 0.4 6.7 6.7
(DDR2 Memory) | ° 0.125 REFF ceick S
SSTL18_II 0.3 VRer Vreet 0.125|  3.465 0.28 | Vcoick 0.28 13.4 ¢13.4
SSTL15 _|
— 03 | Vre0.1 | Veert0.1 | 3.465 031 | Veeies 0.31 7.5 75
(DDR3 Memory) q REFC REF ccIcs q
SSTL15_II
— 03 | Vre0.1 | Veert0.1 | 3.465 031 | Veeis 031 8.8 8.8
(DDR3 Memory) q REFC REF ccIcs q
SSTL135_|
— 0.3 | VrRe0.09 | Vrert 0.09 |  3.465 0.27 | Veeies 0.27 7 7
(DDR3L Memory) q REFQ REF ccIcs q
SSTL135_lI
— 0.3 | VrRe0.09 | Vrert 0.09 |  3.465 0.27 | Veeies 0.27 8 8
(DDR3L Memory) q REFQ REF ccIcs q
MIPI DPHY (LP) | ¢0.3 0.55 0.88 3.465 T T T T
HSUL12
(LPDDR2/3 €03 | VreO0.1 | Vreet0.1 | 3.465 0.3 Veeid 0.3 4 c4
Memory)
Notes

1. For electromigration, the average DC current drawn by the 1/0 pads within a bank of I/Os slesiteed 10 mA per I/O (All
1/0s used inthe sameVccig.
2. Notall IO types are supported in all banReferto ECP5 and ECB& syslO Usage Guide (TN1Z62petails.

3. MIPI DPHY LP input can be implemented by powering VCCIO to 1.5V, and select MIPI LP primitive to meet MIPI Alliance spec

on sand \{.. It can also be implemented as LVCMOS12 with VCQI@Vatwhich would meet ¥V, spec on LVCOM12.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswenetatticesemi.com/legal
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3.14. sysl/O Differential Electrical Characteristics

3.14.1. LVDS
Overrecommended operating conditions

Table3.13. LVDS

Parameter | Description Test Conditions Min Typ Max Unit
Vine Vinm Input Voltage T 0 T 2.4 \%
Vewm Input Common Mode Voltage Half thesumof the two Inputs 0.05 T 2.35 \%
VrHD Differential Input Threshold Differencebetweenthe two Inputs +100 T T mV
Iin Input Current Power On or Power Off T T +10 HA
Von Output High Voltage fordéor Vom Rr=100K T 1.38 1.60 \%
VoL Output Low Voltage fordéor Vom Rr= 100K 09V | 1.03 T \%
Vob Output Voltage Differential (Vor- Vom), Rr= 100K 250 350 450 mV
DVop E::V?Inge in ¥ Between High and . T . 50 mv
Vos Output Voltage Offset (Vor+ \bm)/2, Rr= 100K 1125 | 1.5 | 1.375 Y,
DVos Change in ¥sBetween H and L T T T 50 mV
lsAB Output Short Circuit Current Zgg; (())ﬂ\]/eerrlveoutputs shorted to T T 12 mA

Note: On the left and right sides of the devidhis specification is valid only fogdgs= 2.5 V or 3.3 V.

3.14.2. SSTLD

All differential SSTL outputs are implemented as a pair of complementary-simggel outputs. All allowable
singleended output classes (class | and class Il) are supported in this mode.

3.14.3. LVCMOS33D

All I/O banks support emulated differential 1/0 using the LVCMOS33D I/O type. This option, along with the external
resistor network, provides the system designer the flexibility to place differential outputs on an 1/0 bank with 3.3 V
Vecio The default drive current for LVCMOS33D output is 12 mA with the opticinaioge the device strength tordA,

8 mA, 12 mA or 16 mA. Follow the LVCMOS33 specifications for the DC characteristics of the LVCMOS33D.
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3.14.4. LVDS25E

The top and bottom sides of ECE®IP5G devices support LVDS outputs via emulated complementary LVCMOS
outputs in conjunction with a parallel resistor across the driver outputs. The scheme sh&iguire3.1 isone possible
solution for pointto-point signals.

VCCIO = 2.5V (+5%) : :
RS=158Q
\I\ I (£1%) I
O
| RP =140 Q RT =100 Q | +
VCCIO = 2.5V (5%) | (+1%) (+1%) | c
RS=158Q
\I\ | (+1%) |
PO
: Transmission line, Zo=100Q differential :
ON-chip | OFF-chip o OFF-chip |ON—chip o
| |
Figure3.1. LVDS25E Output Termination Example
Table3.14. LVDS25E DC Conditions
Parameter Description Typical Unit
Veeio Output Driver Supply+6%) 2.50 \%
Zout Driver Impedance 20 w
Rs Driver Series Resistat1(%6) 158 w
R Driver Parallel Resistot1%) 140 w
Rr Receiver Terminationt{ %) 100 w
Vo Output High Voltage 1.43 \%
Vou Output Low Voltage 1.07 \%
Voo Output Differential Voltage 0.35 \Y,
Vewm Output Common Mode Voltage 1.25 \%
Zapck Back Impedance 100.5 \W
Ibc DC Output Current 6.03 mA

Note: Forinput buffer, see LVDBEable3.13 on page55.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswenetatticesemi.com/legal
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3.14.5. BLVDS25

The ECP5/ECPB& devices support the BLVDS standard. This standard is emulated using complementary LVCMOS

outputs in conjunction with a parallel external resistor across the dowgputs. BLVDS is intended for ushen
multi-drop and bidirectional multipoint differential signaling is required. The scheme showrigure3.2 isone
possible solution for kdirectional multipoint differential signals.

Heavily loaded backplane, effective Zo ~45 K to 90 K differential

|mmmmm
25V ! 25V
: R=90K R,=90K :
16mA>—e— |—/\/—e *—/\{—o—<lma
! I
! |
45K 0 KSR, BUCOKSR, |
25V | ! 25V
|
16 mA {1/ : . I S\ 16 mA
I RF=90K R=90K |
| R=90K< RF=90K _RF90K RF=90K !
! I
S e e ) AP e NS I
25V 25V S asv 25V b
16 mA 16 mA 16 mA 16 mA
0—{>QJ >—{>QJ
Figure3.2. BLVDS25 MuHpoint Output Example
Overrecommended operating conditions
Table3.15. BLVDS25 DC Conditions
L Typical .
Parameter Description Unit
Z0 = 45N Zo = 90N
Vceio Output Driver Supply+6%) 2.50 2.50 \%
Zout Driver Impedance 10.00 10.00 \W
Rs Driver Series Resistat1(%) 90.00 90.00 w
Rr Driver Parallel Resistot1%) 45.00 90.00 w
Rrr Receiver Terminatiort{ %) 45.00 90.00 \W
Vo Output High Voltage 1.38 1.48 \%
Vou Output Low Voltage 1.12 1.02 \%
Vop Output Differential Voltage 0.25 0.46 \Y,
Vewm Output Common Mode Voltage 1.25 1.25 \%
Ibc DC Output Current 11.24 10.20 mA
Note: For input buffer, seé VDS able3.13 on page55.
© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnetatticesemi.com/legal
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3.14.6. LVPECL33

The ECP5/ECP%& devices support the differential LVPECL standard. Thisasthisdemulated 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 shoWwigime3.3 is one possible solution for
point-to-point signals.

Vaao=33V
(#5%9
: Rs=93.1K :
1 (£1%) |
| |
16mA A\ ——e —{ 1
| |
| |
Voao=33V | RP=196K Rr=100K | +
(% | Rs=93.1K (=19 (19 l ¢
| (199 :
16 mA VAT o —— {1+
1 Transmission line, 1
| Z0 =100 K differential |
On-chip | Off-chip Off-chip |  On-chip
“— > < | >
| |
Figure3.3. Differential LVPHEC3
Overrecommended operating conditions
Table3.16. LVPECL33 DC Conditions
Parameter Description Typical Unit
Veeio Output Driver Supply+6%) 3.30 \%
Zout Driver Impedance 10 w
Rs Driver Series Resist(t1%) 93 w
Re Driver Parallel Resistot1%) 196 w
Rr Receiver Terminationt{ %) 100 w
Vo Output High Voltage 2.05 \%
Vou Output Low Voltage 1.25 \%
Voo Output Differential Voltage 0.80 \Y,
Vewm Output Common Mode Voltage 1.65 \%
Zepck Back Impedance 100.5 w
Ibc DC Output Current 12.11 mA

Note: For input buffer, see LVDO%ble3.13 on page55.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswenetatticesemi.com/legal
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3.14.7. MLVDS25

The ECP5/ECP%& devices support the differential MLVDS standard. This standard is emulated using complementary
LVCMOS outputs in conjunction with a parallel resistor across theradristputs. The MLVDS input standard is

supported by the LVDS differential input buffer. The scheme shoWwigirre3.4 is one possible solution faMLVDS
standard implementation. Resistor valuieshe figure are industry standard values for 1% resistors.

Heavily loaded backplace, effective Zo~50 Kto 70 K differential

25V 25V
Rs=35K Rs=35K ’
16 mA ] 16 mA
x PN
R 0 OE
T S0t 70K 1% 50 Kto 70K+1%< Rr
25V
=]
i
16 mA = . —— /A ] 16 mA
Rg=35K Rg=35K
OE Rs=35K Rg=35K Rs=35K Rs=35K oF
i L1 il il il [
25V e \" Y

OE 25V e \' Y
16mA 16mA

o]

25V,
16

Figure3.4. MLVDS25 (Multipoint Low Voltage Differential Signaling)

Table3.17. MLVYDS25 DC Conditions

o Typical )

Parameter Description Unit
Zo=50W Zo=7T0W

Vceio Output Driver Supply+6%) 2.50 2.50 \%
Zout Driver Impedance 10.00 10.00 W
Rs Driver Series Resistar1(%b) 35.00 35.00 \W
Rr Driver Parallel Resistot1%) 50.00 70.00 w
Rrr Receiver Terminatiort{ %) 50.00 70.00 W
Vo Output High Voltage 1.52 1.60 \Y
Vou Output Low Voltage 0.98 0.90 \%
Voo Output Differential Voltage 0.54 0.70 \%
Vewm Output Common Mode Voltage 1.25 1.25 \%
Ibc DC Output Current 21.74 20.00 mA

Note: For input buffer, see LVDO%ble3.13 on pages5.
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3.14.8. SLVS

Scalable Low/oltage Signaling (SLVS) is based on a-pmipbint sighaling metbd defined in the JEDBESDA3
(SLV&I00) standard. This standard evolved from the traditional LVDS standard and reliesazivéimage of its use of
smaller voltage swings and a lower commoode voltage. The 200 mV (400 m@)YSLVS swing contributés a
reduction in power.

The ECP5/ECP%& devices can receive differential input up to 800/84vith its LVDS input buffer. This LMB@ut
buffer is used to meet the SLVS input standard specified by the JEDEC standard. The SLVS output parameters are
compaed to ECP5/ECPES LVDS input parameters, as listedatle3.18.

Table3.18. Input to SLVS

Parameter ECP5/ECP5G LVDS Input SLVS Output Unit
Vem (min) 50 150 mV
Vem (max) 2350 250 mV
Differential Voltaggmin) 100 140 mV
Differential Voltage (max) T 270 mV

ECP5/ECPSG does not support SLVS output. However, SLVS output can be created using ECIGBIMDSboutputs
by level shift to meet the low Vcm/Vod levels required by SEBre3.5 shows how the LVDS output can be shifted
external to meet SLVS levels.

2.5V Typical
[
Re=151 VDS
[
100 K Diff
+
LVDS
C
[
[
[
I [
I |
BECPS5/ BECPS-5G | 2.5V Typical |
On Chip [ | OnChip
I [
| | S VDSPeer
I |
I D) O '
+ | g | +
LVDS | Z0=50 |
C I | q
—Q O
[
I |

Figure3.5. SLVS Interface
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3.15. Typical Building Block Function Performance
Table3.19. Pinto-Pin Performance
Function | ¢8 Timing Unit
Basic Functions
16-Bit Decoder 5.06 ns
32-Bit Decoder 6.08 ns
64-Bit Decoder 5.06 ns
4:1 Mux 4.45 ns
8:1 Mux 4.63 ns
16:1 Mux 481 ns
32:1 Mux 4.85 ns
Notes

1. 1/Os are configured with LVCMOS25 withti$2.5, 12 mAlrive.

2. These functions were generated using Lattice Diamond design softwardst@alt performance may vary with the device and
the desigrsoftware tool version. The design software tool uses internal parameters that have been characterized but are not
tested on every device.

3. Commercial timing numbers are shown. Industrial numbersypieally slower and can be extracted from Lattice Diamond
design softwareool.

© 20142018Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswsnethtticesemi.com/legal
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Function ¢8 Timing Unit
Basic Functions

16-Bit Decoder 441 MHz
32-Bit Decoder 441 MHz
64-Bit Decoder 332 MHz
4:1 Mux 441 MHz
8:1 Mux 441 MHz
16:1 Mux 441 MHz
32:1 Mux 441 MHz
8-Bit Adder 441 MHz
16-Bit Adder 441 MHz
64-Bit Adder 441 MHz
16-Bit Counter 384 MHz
32-Bit Counter 317 MHz
64-Bit Counter 263 MHz
64-Bit Accumulator 288 MHz
Embedded Memory Functions

1024x18 Truébual Port RAM (Write Through or Normal), with EBR Output Registers 272 MHz
1024x18 Trudual Port RAM (RedBeforeWrite), with EBR Output Registers 214 MHz
Distributed Memory Functions

16 x 2PseudeDual Port or 16 x 4 Single Port RAM (One PFU) 441 MHz
16 x 4 Pseud®ual Port (Two PFUSs) 441 MHz
DSP Functions

9 x 9 Multiplier (All Registers) 225 MHz
18 x 18 Multiplier (All Registers) 225 MHz
36 x 36 Multiplier (All Registers) 225 MHz
18x 18 MultiplyAdd/Sub (All Registers) 225 MHz
18 x 18 Multiply/Accumulate (Input and Output Registers) 225 MHz

Notes

1. These functions were generated using Lattice Diamond design software tool. Exact performance may vary with the device and
the designsoftware tool version. The design software tool uses internal parameters that have been characterized but are not

tested on every device.

2. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from Lattice Diamond

design softwareool.

3.16. Derating Timing Tables

Logic timing provided in the following sections of this data sheet and the Diamond design tools are worst case numbers
in the operating range. Actual delays at nominal temperature and voltage for best cagsgroan be mudbetter
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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17. Maximum |/O Buffer Speed

Overrecommended operating conditions
Table3.21. ECP5/ECPaG Maximum I/O Buffer Speed

Buffer | Description Max Unit
Maximum Input Frequency

LVDS25 LVDSYcci= 2.5V 400 MHz
MLVDS25 MLVDS, Emulate¥cci= 2.5V 400 MHz
BLVDS25 BLVDS, Emulate¥cci= 2.5 V 400 MHz
MIPI DPHY (HS Mode) MIPI Video 400 MHz
SLVS SLVS similar to MIPI 400 MHz
Mini LVDS Mini LVDS 400 MHz
LVPECL33 LVPECL, Emulatédscic= 3.3V 400 MHz
SSTL18 (all supported classes) SSTL_18 class IMéci= 1.8 V 400 MHz
SSTL15 (all supportethsses) SSTL_15 class IMéci= 1.5 V 400 MHz
SSTL135 (all supported classes) SSTL_135 class IMici= 1.35 V 400 MHz
HSUL12 (all supported classes) HSUL_12 class |\ \cio= 1.2 V 400 MHz
LVTTL33 LVTTLYcci= 3.3V 200 MHz
LVCMOS33 LVCMOS/ccic= 3.3V 200 MHz
LVCMOS25 LVCMOSV/cci= 2.5V 200 MHz
LVCMOS18 LVCMOS/ccic= 1.8 V 200 MHz
LVCMOS15 LVCMOS 1.5cci= 1.5V 200 MHz
LVCMOS12 LVCMOS 1.%/cci= 1.2V 200 MHz
Maximum Output Frequency

LVDS25E LVDS, Emulate¥ccio=2.5 V 150 MHz
LVDS25 LVDSVcei= 2.5V 400 MHz
MLVDS25 MLVDS, Emulatetccic= 2.5 V 150 MHz
BLVDS25 BLVDS, EmulateUcci= 2.5 V 150 MHz
LVPECL33 LVPECL, Emulatédtci= 3.3 V 150 MHz
SSTL18 (all supported classes) SSTL_18 class IMéci= 1.8 V 400 MHz
SSTL15 (all supported classes) SSTL_15 class IMécic= 1.5V 400 MHz
SSTL135 (all supported classes) SSTL_135 class IMici= 1.35 V 400 MHz
HSUL12 (all supported classes) HSUL12 class I,Vscio= 1.2 V 400 MHz
LVTTL33 LVTTL, VCCIO=3.3V 150 MHz
LVCMOS33 (For all drives) LVCMOS, 3.3V 150 MHz
LVCMOS25 (For all drives) LVCMOS, 2.5V 150 MHz
LVCMOS18 (For all drives) LVCMOS, 1.8V 150 MHz
LVCMOS15 (For all drives) LVCMOS, 1.5V 150 MHz
LVCMOS12 (For all drives) LVCMOS, 1.2V 150 MHz

Notes

ok wbnE

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

Maximum 1/O speed for differential output standards emulated with resistors depends on the layout.
LVCMOS timing is measured with the load specifiedinitching Test Condition§able3.44 on paged0.

All speeds areneasured at fast slew.

Actual system operation may vary depending on user logic implementation.

Maximum data rate equals 2 times the clock rate when utilizing DDR.
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External Switching Characteristics

Overrecommended commercial operating conditions

Table3.22. ECP5/ECPAG External Switching Characteristics
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7
Parameter Description Device : <8 - 5 - <6 Unit
Min Max Min Max Min Max
Clocks
Primary Clock
fmax_PRI Frequency for Primary Clock Trg T T 370 T 303 T 257 MHz
Clock Pulse Width for Primary
tw PRI Clock T 0.8 T 0.9 T 1.0 1 ns
Primary Clock Skewithin a
tskew PRI Device T T 420 T 462 T 505 ps
Edge Clock
fmAX_EDGE Frequency for Edge Clock Tree T T 400 T 350 T 312 MHz
tw_EDGE Clock Pulse Width for Ed@#ock T 1.175| 1 1344 | 1 1.50 T ns
{skew_EDGE Edge Clock Skewithin a Bank T T 160 T 180 T 200 ps
Generic SDR Input
General I/0 Pin Parameters Using Dedicated Primary Clock Impiltout PLL
teo Clogk to Output P1O Output AI.I T 54 T 6.1 T 6.8 ns
Register Devices
- Clogk to Data SetupPIO Input AI.I 0 T 0 T 0 T ns
Register Devices
t Clogk to Data HoldPIO Input AI.I 27 T 3 T 33 T ns
Register Devices
Clock to Data SetugP10 Input All
fsu_pEL Register with Data Input Delay | Devices 1.2 ! 1.33 ! 1.46 ! ns
¢ Clock to Data HoldPIO Input All 0 T 0 T 0 T ns
HDEL Register with Data Input Delay Devices
fuax 1o Cloc_k Frequency of /0 and PFU AI_I T 400 T 350 T 312 MHz
- Register Devices
General I/0 Pin Parameters Using Dedicated Primary Cloplt with PLL
Clock to Output P1O Output All
tcopLL Register Devices T 35 T 3.8 T 4.1 ns
tsupLL Cloc_k to Data SetupPIO Input AI_I 0.7 T 0.78 . 0.85 . ns
Register Devices
thpLL Cloc_k to Data HoldPIO Input AI_I 0.8 T 0.89 . 0.98 . ns
Register Devices
Clock to Data SetuPlO Input All
tsu_perpLL Register with Data Input Delay Devices 1.6 ! 1.78 T 1.95 N ns
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Table3.22. ECP5/ECP5G External Switching Characteristigontinued)

Parameter Description

Device

¢8

G7

c6

Min Max

Min

Max

Min

Unit

Max

tH_DELPLL

Clock to Data HoldPIO Input
Register with Data Input Dela

All Devices 0 T

Generic DDR Input

Generic DDRX1 In

puts With Clock and Data Cen

tered at Pin (GDDRX1_RX.SCLK.Centered) Using PCLK- ElgakeByput

tsu_GDDRx1_centered | Data Setup Before CLK Input| All Devices| 0.52 T 0.52 T 0.52 T ns
tHD_GDDRX1_centered | Data Hold After CLK Input All Devices | 0.52 T 0.52 T 0.52 T ns
foATA_GDDRx1_centerey. GDDRX1 Data Rate All Devices| T 500 T 500 T 500 Mb/s
fmax_cpprx1_centered GDDRX1 CLK Frequency (SC All Devices| T 250 T 250 T 250 MHz

Generic DDRX1 Inputs With Clock and Data Aligned at Pin (GDDRX1_

RX.SCLK.Aligned) Using PCLK -Gk éB3put

tsu_cooRxi_ainea | Data Setup from CLK Input | All Devices| T | 055 T | 085 1 | 085 ‘>
tHp_GDDRx1 aligned | Data Hold fronCLK Input All Devices| 0.55 T 0.55 T 0.55 T 1725 JI
foaTA_GDDRx1_alignedl GDDRX1 Data Rate All Devices| Tt 500 T 500 T 500 Mb/s
fmax_cpprx1_aligned | GDDRX1 CLK Frequency (SC All Devices| T 250 T 250 T 250 MHz

Generic DDRX2 Inputs With Clock and D@entere

d at Pin (GDDRX2_RX.ECLK.

Centered) Using PCLK

Clock Input, Left g

Rightsides Only Figure3.6

tsu_cDDRx2_centered | Data Setumpefore CLK Input All Devices| 0.321| T 0.403| 1 0471 = ns
tHD_GDDRx2_centered | Data Holdafter CLK Input All Devices| 0.321| T 0.403| 1 0471 T ns
foaTA_GDDRX2_centereyk GDDRX2 Data Rate All Devices| Tt 800 T 700 T 624 Mb/s
fMAX_GDDRXZ_centered GDDRX2 ClHfequency (ECLK All Devices T 400 T 350 T 312 MHz

Generic DDRX2 Inpuwith Clock and Data Aligned at Pin (GDDRX2_RX.ECLK.Aligned) Using PCLK Clock Input, Left an

sides Only Figure3.7

. ns + 1/2
tsu_GDDRX2_aligned Data Setup from CLK Input | All Devices| T ¢0.344| 1 ¢0.42 T -0.495 Ul

. ns + 1/2
tHp_cpDRx2_aligned | Data Hold from CLK Input All Devices| 0.344 | 1 0.42 T 0495 | 1 Ul
foaTA_GDDRX2_aligned | GDDRX2 Data Rate All Devices| Tt 800 T 700 T 624 Mb/s
fmax_GDDRrx2_aligned | GDDRX2 CLK Frequency All Devices| T 400 T 350 T 312 MHz
Video DDRX71 Inputs With Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) Using PpltCletkdnd Right sides Only
Figure3.11
tsu_Lvps71_i (Dbit% Setup from CLKINput | o pevices| 1 c0.271| T 039 | 1 c0.41 “St(tllz*")
thp_LvDs71_i (Dbit% Hold from CLK Input | 1 pevices 0.271| 1 039 | 1 041 | 1t “S:(t/IZJ")
fDATAiLVDS71 DDR71 Data Rate All Devices T 756 T 620 T 525 Mb/s
fmax_Lvps71 DDR71 CLK Frequency (ECL All Devices| T 378 T 310 T 262.5 MHz
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Parameter Description Device = <8 : o7 : <6 Unit
Min | Max | Min | Max | Min | Max
Generic DDR Output
Generic DDRX1 Outputs With Clock and Data Centered at Pin (GDDRX1_TX.SCLK.Centered) Using PCLK-Elgokddyut
Data Output Validefore CLK . ns +
tovB_GDDRX1_centered Output All Devices| ¢0.67 T ¢0.67 T ¢0.67 T 1/2 Ul
Data Output Valicfter CLK . ns +
tovA_GDDRX1_centered Output All Devices| ¢0.67 T ¢0.67 T ¢0.67 T 1/2 Ul
foaTA_GDDRX1_centerr GDDRX1 Data Rate All Devices| T 500 T 500 T 500 Mb/s
fmax_coprx1_centered GDDRX1 CLK Frequency (S{ All Devices| 1 250 T 250 T 250 MHz
Generic DDRX1 Outputs With Clock and Data Aligned at Pin (GDDRX1_TX.SCLK.Aligned) Using PCLK -Gk &3t
tDIB_GDDRX1_aligned gi}?g&tg&t Invalithefore All Devices| ¢0.3 T ¢0.3 T ¢0.3 T ns
toiIA_GDDRX1_aligned Data Output Invalidifter CLK All Devices| Tt 0.3 T 0.3 T 0.3 ns
- - Output
fDATAﬁGDDRXlﬁaIigned GDDRX1 Data Rate All Devices T 500 T 500 T 500 Mb/s
fmax_coprx1_aligned | GDDRX1 CLK Frequency (S{ All Devices| 1 250 T 250 T 250 MHz
Generic DDRX2 Outputs With Clock and Data Centered at Pin (GDDRX2_TX.ECLK.Centered) USlogkAhu, Left and
Rightsides Only Figure3.8
Data Output Valid Before CLI . C C ns +
fove_GDDRX2 centered () 11 ¢ AllDevices|  ppp| T | 0861 T o6 T 120
Data Output Valid After CLK . ns +
tbvA_GDDRX2_centered Output All Devices| T 0.442 T 0.56 T 0.676 1/2 Ul
fDATAﬁGDDRXchentere GDDRX2 Data Rate All Devices T 800 T 700 T 624 Mb/s
fMAX_GDDRXZ_centered GDDRX2 CLK Frequency (E( All Devices T 400 T 350 T 312 MHz
Generic DDRX2 Outputs With Clock and Data Aligned at Pin (GDDRX2_TX.ECLK.Aligned) Using PCLK Clock Input, Left
sides Only Figure3.9
! Data Output Invalidbefore .
tbiB_GDDRX2_aligned CLK Output All Devices| ¢0.16 T ¢0.18 T ¢0.2 T ns
tDIA_GDDRX2_aligned Data Output Invalidifter CLK All Devices| 1 0.16 T 0.18 T 0.2 ns
Output
foaTA_GDDRX2_aligned] GDDRX2 Data Rate All Devices| Tt 800 T 700 T 624 Mb/s
fMAXﬁGDDRXZfaIigned GDDRX2 CLK Frequency (E( All Devices T 400 T 350 T 312 MHz
Video DDRX71 Outputs With Clock and Data Aligned at Pin (GDDRX71_TX.ECLK) Using PLL CletkdnguRight sides Only
- Figure3.12
Data Output Invalicdbefore ; ns +
i All D A A1 2
toiB_LvDs71_i CLK Outut evices| ¢0.16 T ¢0.18 T c0 T (i)* Ul
toia_LvDs71_i Data Output Invaliditer CLK All Devices| T 0.16 T 0.18 T 0.2 _ns *
- - Output () * Ul
fDATAﬁLVDS71 DDR71 Data Rate All Devices T 756 T 620 T 525 Mb/s
fmax_Lvps71 DDR71 CLK Frequency (ECL All Devices| 1 378 T 310 T 262.5| MHz
Memory Interface
DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 READ (DQ Input Data are Aligned to DQS)
tovepQ DDR2
tbvepQ_DDR3 .

- Data Output ValidbeforeDQS . 4 C ns + 1/2
tbvepQ_DDR3L Input All Devices| 1 ¢0.26 T 0317 T 0.374 Ul
tovepQ LPDDR2
tovepQ LPDDR3
tovapg DDR2
tbvapQ_DDR3 .

{bvADQ_DDR3L Data Output Validiter DQS AllDevices| 0.26 T 0.317 T 0.374 T ns + 1/2
Input ul

tovapQ LPDDR2

tovapQ LPDDR3

Table3.22. ECP5/ECP5G External Switching CharacteristigSontinued)

winve:tatticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

¢8 4 c6
Min Max Min Max Min Max

Parameter Description Device Unit

foaTA DDR2
foATA DDR3
foaTA_DDR3L DDR Memory Data Rate All Devices| T 800 T 700 T 624 Mb/s
fpATA_LPDDR?
fDATA_LPDDRS

fM/—\X_DDRZ

fuax_poRa DDR Memory CLK

fuax_opRaL Frequency (ECLK)
fmax_LPDDR2

fmAx_LPDDR3
DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 WRITE (DQ Output Data are Centered to DQS)

tbQves DDR2
tpQves_DDR3

All Devices T 400 T 350 T 312 MHz

Data Output Validefore

tbQves_DDR3L DQS Output
tbQves_LPDDR2

tbQves_LPDDR3

All Devices| T ¢0.25 T ¢0.25 T -0.25 ul

tbQvas_DDR2
toquas_pors Data Output Valichfter DQS
tbQvAas_DDR3L Output

tbQvas_LPDDR2
tbQvas LPDDR3

All Devices| 0.25 T 0.25 T 0.25 T ul

foaTa_pDR2
foATA_DDR3
fpATA_DDR3L DDR Memory Data Rate All Devices| T 800 T 700 T 624 Mb/s
foaTA_LPDDR2
fDATA_LPDDR3

fmAX_DDR2

fvAX_DDR3 DDR Memory CLK

fuax_ooRaL Frequency (ECLK)
fMAXﬁLPDDRZ

fMAX_LF’DDRS
Notes
1. Commercial timingpumbers are shown. Industrial numbers are typically slower and can be extracted from the Diamond
software.
2. General I/O timing numbers are based on LVCMOS 2.5, 12 mA, Fast Slew Rate, Opf load.
Generic DDR timing are numbers based on LVDS 1/O.
DDR2 timinghumbers are based on SSTL18.
DDR3 timing numbers are based on SSTL15.
LPDDR2 and LPDDR3 timing numbers are based on HSUL12
Uses LVDS /O standard for measurements.
Maximum clock frequencies are tested under best case conditions. System performangamnapon the user environment.
5. All numbers are generated with the Diamond software.

All Devices T 400 T 350 T 312 MHz

Pow
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Rx QLK (in)

t U/ tDVBDQ!
I<—

tHD/ tovaDQ
»

%
|

tsu/ tovepo

|

tHD/ tovaDQ
—

Figure3.6. Receiver RX.CLK.Centered Waveforms

v2ul

Rx ALK (in) Z LUl

or DQSInput /

v2ul

Rx DATA (in) :
or DQ Input )
TSN
I ; tHD _: ' ;
Figure3.7. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms
12Ul Y 12Ul ) 12Ul - 12Ul -
Tx QK (out)
or DQSOutput
Tx DATA (out)
or DQ Output ! AYAVAVA i
i tove/ tooves : : tove/ toQves :
: tova/toQua : : tova/ toQuas :

Figure3.8. Transmit TX.CLK.Centered and DDR Memory Output Waveforms
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1Ul

Tx QK (out)

Tx DATA (out)

Figure3.9. Transmit TX.CLK.Aligned Waveforms

Receiver ¢ Shown for one LVDS Channel

#of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
DataIn
756 Mbl/'s
Qock In
108 MHz
1
| | Bit# | Bit # | Bit# U Bit#
1 0x 1 10c1 | 20¢8 1 30¢15 | 4022
i 11¢2 21¢9 31¢16 41¢23
For each Channel: | 9 S
7-bit Output Words ox 12¢3 22610 32¢17 42¢24
put b 10x 13¢4 23¢11 33¢18 43025
toFPGAFabric 1o, 1465 24c12 34¢19 14C2
10X 15¢6 25¢13 35¢20 45¢ 27
10x 11667 126G14 | 36¢21 | 46¢28
Transmitter ¢ Shown for one LVDS Channel
#of Bits 1.2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
756 Mb/'s
Qock Out
108 MHz
i
Bit# | Bit# | Bit# | Bit# | !
For each Channel: 9061 | 10¢8 | 20¢ 15 | 30022 | !
7-bit Output Words %62 | 11co 2116 s1c23
PeARbric 093! 12¢10 22017 3224
to 00c4 | 13c11 23¢18 33¢25
00¢5 ! 14¢12 24¢ 19 34¢26
00(63 15¢ 13 25¢ 20 35¢27
00¢7! 16¢14 | 26¢21 | 36¢28 !

Figure3.10. DDRX71 Video Timing Waveforms
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Bit 0 Bit 1 Biti
E v2ul N : 12Ul :
AK(in) 1 | " \\
oemmen GO AR OO0, OO0 XN
g tHD 0
s | LI
g T thnld ;
Figure3.11. Receiver DDRX71_RX Waveforms
Bit 0 Bit 1 Bit i

/ L

[i 1ul : \
ALK (out) ! § i

tDA i

Figure3.12. Transmitter DDRX71_TX Waveforms
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3.19. sysCLOCK PLL Timing

Overrecommended operating conditions

Table3.23. sysCLOCK PLL Timing

Parameter Descrigtions Gonditions Min Max Units
fin Input Clack Frequency (AKL CLKFB) T 8 400 MHz
four Output dock Frequency (CIKOR ALKOS T 3.125 400 MHz
fvco PLLVQ Fequency T 400 800 MHz
ferd Phag Detector Input Frequency T 10 400 MHz
AC Characteristics
tor Output Aock Duty Cycle T 45 55 %
) Output PhaseAcairacy T <) 5 %
Output dock Period Jitter fourk100 MHz ! 100 PSPp
four< 100 MHz T 0.025 UIPP
topait Output Aock Cycle-to-Cyce Jitter fourk100 MHz ! 200 PSPP
four< 100 MHz T 0.050 UIPP
Output Aock Phase Jitter fero¥100 MHz ! 200 PSPp
fero< 100 MHz T 0.011 UIPP
tspo Sttic PhaseOffset Div?der ratio = T 400 psp-p
integer
tw Output Aock Pulse Width At 90% or 10% 0.9 T ns
tLock PLL Lock-in Time T T 15 ms
tunLock PLL Unlock Time T T 50 ns
tipar Input Clack Period Jitter frroi20 MH2 ! 1,000 PSP
frep< 20 MHz T 0.02 UIPP
thi Input Clak High Time 90% to 90% 0.5 T ns
tLo Input Clack Low Time 10% to 10% 0.5 T ns
trsT RST Pule Width T T ms
trsTREC RS Recovery Time T T ns
tLoAD_REG Min Pule for CIB_DAD_REG T 10 T ns
tROTATEETUP Min time for AB dynamic phase controlsto be stable T 5 T ns
fore AB_ROTATE
tROTATEVD Min pulse width for CIB ROTAEto maintain & gior T 4 T VQ@cycles
Notes
1. Jitter sample is taken over 10,000 samples for Periodic jitter, and 2,000 samples feto@ygtde jitter of theprimary PLL
output with clean reference clock with no additional 1/O toggling.
2. Output clock is valid afteg gcfor PLL reset and dynamic delay adjustment.
3. Period jitter and cyckto-cycle jitter numbers are guaranteed firp> 10 MHz. Foibrp< 10 MHzthe jitter numbers may not

be met incertain conditions.
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;20  SERDES Higpeed Data Transmitter
Table3.24. Serial Output Timing and Levels

Symbol Description Min Typ Max Unit
VrxpiFFeP PeakPeak Differentiatoltage on selected amplitude? ¢25% T 25% mV, pp
Vrxembe Output common mode voltage T Veenmd 2 T mV, pp
Trxr Rise time (20% to 80%) 50 T T ps
Trxr Fall time (80% to 20%) 50 T T ps
Trxcmacp RMS AC peak commanode output voltage T T 20 mV
7 e Single ended output impedance for 50/ ¢20% 50/75 20% K

- Single ended output impedance for &K ¢25% 6K 25% K
RLrx_piFr Differential return loss (with package includéd) T T cl10 dB
RLrx_com Common mode return loss (with package included) T T 6 dB

Notes

1. Measured with 50K Tx Driver impedance aic¥1%5%.

2. Refer toECP5 and ECB&S SERDES/PCS Usage GUN#®261¥or settings of Tx amplitude.

3. w S (i dzNJ/10 tE(differEntid)c6 dB (common mode) for 100 Mbk <= 1.6 GHz with 1 oukput impedance configuration.
Thisincludes degradation due to package effects.

Table3.25. Channel Output Jitter

Description Frequency Min Typ Max Unit

Deterministic 5 @l/s T T TBD ul, pp
Random 5 /s T T TBD Ul, pp
Total 5 /s T T TBD Ul, pp
Deterministic 3.125 ®/s T T 0.17 ul, pp
Random 3.125 G/s T T 0.25 Ul, pp
Total 3.125 ®/s T T 0.35 ul, pp
Deterministic 2.5 G/s T T 0.17 Ul, pp
Random 2.5 /s T T 0.20 ul, pp
Total 2.5 /s T T 0.35 ul, pp
Deterministic 1.25 Gv/s T T 0.10 ul, pp
Random 1.25 Gv/s T T 0.22 ul, pp
Total 1.25 Gv/s T T 0.24 ul, pp

Notes

1. Values are measured with PRB4 2allchannels operating, FPGA logic active, I/Os around SERDES pins quiet, reference clock
@ 10Xmode.
2. For ECR5G family devices only.
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3.21. SERDES/PCS Block Latency

Table3.26 describes the latency of each functional block in the transmitter and receiver. Latency is given in parallel
clock cyclegrigure3.13 shows the location of each block.

Table3.26. SERDES/PCS Latency Breakdown

~ Receive Qock

REFALK E Transmit ock
— TXPL

Item Description ‘ Min ‘ Avg ‘ Max ‘ Fixed | Bypass| Unit®
Transmit Data Latency
FPGA BridgeGearing disabled with same clocks 3 T 4 T 1 byte clk
T FPGA BridgeGearing enabled 5 T 7 T T word clk
T2 8b10b Encoder T T T 2 1 byte clk
T3 SERDES Bridge transmit T T T 2 1 byte clk
T4 Serializer: &it mode T T T 15 +D1 T Ul + ps
Serializer: 1&it mode T T T 18 +D1 T Ul + ps
5 Preemphasis ON T T T 1+D2 T Ul + ps
Preemphasis OFF T T T 0 +D3 T Ul + ps
Receive Data Latenéy
R1 Equalization ON T T T D1 T Ul + ps
Equalization OFF T T T D2 T Ul + ps
R2 Deserializer: &it mode T T T 10 +D3 T Ul + ps
Deserializer: 1®it mode T T T 12 +D3 T Ul + ps
R3 SERDES Bridge receive T T T 2 T byte clk
R4 Word alignment 3.1 T 4 T 1 byte clk
R5 8b10b decoder T T T 1 0 byte clk
R6 Clock Tolerance Compensation 7 15 23 T 1 byte clk
R7 FPGA BridgeGearing disabled with same clocks 4 T 5 T 1 byte clk
FPGA BridgeGearing enabled 7 T 9 T T word clk
Notes
1. D1=¢245 psD2 = +88 psD3 = +112 ps.
2. D1=+118 pd2 = +132 pdH3 = +700 ps.
3. byte clk = 8Uls (Bit mode), or 10 Uls (2bit mode); word clk = 16Uls+8t mode), or 20 Uls (1Bit mode).
................ SERDESEFPGABndge A Core
i : 5 o
f | ®
o e T | e
Receiver i f—m en
: i
| .
i :
L
i
i
i
|
!
!
i

|
!
!
|
|
|
|
L * -
| :
4 | « FPGA
) | * Transmit dock
. !
: ® ® | :
: ' } ,—C] Transmit Data
HDOUTA [ Serializer Adjust I K
HDOUTNi [ ————— 8:1/10:1 I I .
E - + ! .
Transmitter } BYPASS } .
| | L—0
| | .

Figure3.13. Transmitter and Receiver Lamcy Block Diagram
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3.22. SERDES Higpeed Data Receiver

Table3.27. Serial Input Data Specifications

= LATTICE

Symbol Description Min Typ Max Unit
VRXDIFFS Differential input sensitivity 150 T 1760 mV, pp
VRN Input levels 0 T Vceat0.8 \Y;
Vexembeon Imngggommon mode range (internal DC coupled 06 T Veca Vv
Vexemacen Input common mode range (internal AC coupled 01 T Veeat0.2 Vv
modeY
TrxRELOCK SCDR Hock timé T 1000 T Bits
ZRXTERM Input termination 50/75K /High Z ¢20% 50/75/5 K +20% K
RLrRxRL Return loss (without package) T T cl10 dB
Notes
1. This is the typical number of bit times to-ieck to a new phase or frequency withi800 ppm, assuming 8b10b encoded data.

2.

Up to 1.655 folECP5, and 1.76 for ECHG.

3.23. Input Data Jitter Tolerance

NBEOSABSNDA

FoAfAGE

02

G2t SN GS Ay O2YAy3

RENAR

standards have recognized the dependency on jitter type and have specificatiomdidate tolerance levels for
different jitter types as they relate to specific protocols. Sinusoidal jitter is considered to be a worst case jitter type.

Table3.28. Receiver Total Jitter Tolerance Specifica

Description Frequency Condition Min Typ Max Unit
Deterministic 400 mV differential eye T T TBD Ul, pp
Random 5 /s 400 mV differential eye T T TBD ul, pp
Total 400 mV differential eye T T TBD Ul, pp
Deterministic 400 mVdifferential eye T T 0.37 Ul, pp
Random 3.125 G/s 400 mV differential eye T T 0.18 Ul, pp
Total 400 mV differential eye T T 0.65 Ul, pp
Deterministic 400 mV differential eye T T 0.37 ul, pp
Random 2.5 /s 400 mV differential eye T T 0.18 Ul, pp
Total 400 mV differential eye T T 0.65 Ul, pp
Deterministic 400 mV differential eye T T 0.37 ul, pp
Random 1.25 /s 400 mV differential eye T T 0.18 Ul, pp
Total 400 mV differential eye T T 0.65 ul, pp

Notes

1. Jitter tolerance measurements are doméh protocol compliance tests: 3.125H( - XAUI Standard, 2.50% - PCle Standard,

2.

1.25Gb/s - SGMII Standard.

For ECR5G family devices only.
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3.24. SERDES External Reference Clock

The external reference clock selection and its interface are a criticabpaystem applications for this product.
Table3.29 specifies reference clock requirements, over the full range of operatmglitions.

Table3.29. External Reference Clock Specification (refclkp/refclkn)

Symbol Description Min Typ Max Unit
Frer Frequency range 50 T 320 MHz
FrerPPMm Frequency tolerance ¢1000 1 1000 ppm
VREAN-SE Input swing, singlended clock* 200 T Vecauxa mV, pp
VRERAN-DIFF Input swing, differential clock 200 1 2*Vecauxa dirf?;’eﬁtri)al
VRERN Input levels 0 T Vecauxd 0-4 \Y
Drer Duty cyclé 40 1 60 %
TremR Rise time (20% to 80%) 200 500 1000 ps
Trer Fall time (80% to 20%) 200 500 1000 ps
ZREAN-TERMDIFF Differential input termination ¢30% 100/HiZ +30% K
CrenAncar Input capacitance T T 7 pF
Notes

1. Depending on the application, the PLL_LOL_SET and CDR_LOL_SET contrahagisteasijusted for other tolerance values
asdescribed irECP5 and ECB& SERDES/PCS Usage GUN&261)

2. The signal swing for a singg@ded input clock must be as large as fhp differential swing of a differential input clock to get
the same gaimt the input receiver. With singlended clock, a reference voltage needs to be externally connected to CLKREFN
pin, and the input voltageeeds to be swung around this referencdtage.

3. Measured at 50% amplitude.

4. Singleended clocking is achieved by applying a reference voltag@®@VREFCLKN input, with the clock applied to REFCLKP
input pin.Vgeshould be set to mighoint of the REFCLKP voltage swing.

V+
e e
P ;
VRE~IN
MAX<1.56V
N A4
VRE- IN_DIFF Vi
Min=200 mV
oV Max=2xVCCA <
VREF_IN_DIF=
IVp-Vinl
V+
e -
VRE~IN
MAX<1.56 V
VRE- IN_SE
Min=200 mV
oV Max=VQCA y

Figure3.14. SERDES External Reference Clock Waveforms
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PCI Express Electrical and Timing Characteristics

PCle (2.5 Gb/sAC and DC Characteristics
Over ecommended operating conditions.

Table3.30. PCle (2.5 Gb/s)

Symbol ‘ Description ‘ Test Conditions| Min ‘ Typ ‘ Max ’ Unit
Transmit
ul Unit interval T 399.88 400 400.12 ps
VIXDIFF P Differential peakto-peak output T 0.8 1.0 12 \%
Vi DERATIO \I/D(;-:Inteargst:;?(l)s differential output T 3 35 4 dB
Vixcmac p \Il?ol\l/lasg,zc peak commanode output T T T 20 mv
oacomrer | e aemon | 0| [ | o |
V1xcmbpe Tx DC common mode voltage T 0 T VecHTX \%
I TSHORT Output short circuit current VTXD*fO'O v T T 920 mA
VTXD—O-O Vv
ZrwDIEFDC Differential output impedance T 80 100 120 X
Rlyxpire Differential return loss T 10 T T dB
Rlrxem Common mode return loss T 6.0 T T dB
TrxRISE Txoutput rise time 20% to 80% 0.125 T T ul
TrxEALL Tx output fall time 20% to 80% 0.125 T T ul
Lrskew Lanetq-lane gtatic output skew for all T T T 13 ns
lanes in port/link
TrxevE Transmitter eye width T 0.75 T T ul
TTXEYEVEDIANTOMAX Maximum time between jitter median
JITTER and maximum deviation from median ! ! ! 0.125 ul
Receivé ?
ul Unit Interval T 399.88 400 400.12 ps
VRXDIFF P \I?(l)ﬁzrgeentlal peaktio-peak input T 0.38 T 192 Vv
VRX|DLEDETD|F|:_HD Idle detect threshold/oltage T 65 T 34 mV
VRXCMAC. P \Ifol\l/lasg,zc peak commanode input T T T 150 mv
ZRXDIFFDC DC differential input impedance T 80 100 120 K
Zaxpe DC input impedance 1 40 50 60 K
ZRXHIGHIMP-DC Powerdown DC input impedance T 200K T T K
RlrxpiFr Differential return loss T 10 T T dB
Rlzxcm Common mode return loss T 6.0 T T dB
Notes

1. Values are measured at 2.B/S.
2. Measured with external A€oupling on the receiver.
3. Not in compliance with PCI Express 1.1 standard.
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