= LATTICE

MachXO3D sysCLOCK PLL Usage Guide

Technical Note

FPGA-TN-02070-1.1

February 2024



MachX03D sysCLOCK PLL Usage Guide ::LATTICE

Technical Note

Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS ANY
EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document is
proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

2 FPGA-TN-02070-1.1


http://www.latticesemi.com/legal
https://www.latticesemi.com/support/answerdatabase/6/8/7/6878

= LATTICE

Contents
(800 1 =T o) X3RN 3
ACrONYMS iN TS DOCUMIEBNT ...cciiiiiiieieee ettt e e e ee et e e e e e eertteeeeeeeee s e baeeeaeeeaaastaasaaeeeeaanssasaaeaeeesassasasaeaaesanssssansaaesannnes 6
O [ o1 4 oY [¥ ot o) o TSRS 7
2. Clock/Control DiStriDULION NETWOIK ........eiiiiiueieiiteieeectee e ettt ettt e e e st e e e et s e sbaeesssabeeeessbeeeesbaeesssabesessbaesesasseesssnbeneenns 7
T |V - ol 1 (@ 1T 0 I oY o J 1YY I T SRR 8
3.1. T 0T A @1 o Yol &SR 8
4. DYNAMIC ClOCK MUX (DCIMA) ...eeiieeeieecteeetee sttt e e et e seteesteestteesaeesaseassseesataaanseesssaeassesssseaanseesssaaasseessseaasseesssaesnseesssennnseens 9
4.1. DCMA Primitive DEFINITION ..eeeei ittt e et e e e e e st r e e e e e e e s e tbaaeeeeeeeseaasbaeeeeeseessnssaneeaeeaanans 9
4.2. DCMA Declaration in VHDL SOUICE COUR ...ciiuuiiiiiiiitiiitieeeieee ettt e siteeessiteeessiteeessabeeesssteesssasaeesssbeeesssssesesnnseens 9
4.3, DCMA Usage With Verilog SOUICE COUE ......ccuuiiiiiiiiieeiieeecttee ettt eetee e e st e e e et e e e setbeeeesabeeeeeasaeeeessaeeesateeesanees 10
5. DYNamic ClOCK CONTIOI (DCCA) ..oiiuiiieeeciiee ettt ettt e ettt e e et e e e ettt e e e e bae e e e tbeeeeaasaeeesbsaaaestseeeesssseessssasestasesanssaeesssenas 11
5.1. DCCA Primitive DEFINITION ..ueiiiiiiee ettt e et e e et e e e s e e e et e e e snteeeestaeesansteeesnnaaeeansseeesnnnns 11
5.2. DCCA Declaration in VHDL SOUICE COUE ....eiiuiiieiiiiiieeiieeeeciteeeeite e e siteeeesteeeseteeeesnseesesntaeesasssesesnnsaessnsssessnnnns 11
5.3. DCCA Usage With Verilog SOUICE COUE ......uiiiuiiiiiiiiieeiieeecteeee et et e e e st e e e s ate e e snee e e esnteeessnteeessaeeesnsseeesnnens 12
S o T~ LI 1 e Yo <SPS
6.1. Edge Clock Bridge
7.  ECLKBRIDGECS Primitive DEfiNITiON ..ccueiiiiiireiiiieiiteesieesteesiee st e st s ste e ste s steesbe e ste e enbe e saaessbeesbaessbeesnsaesnsessnsnesnsens 14
7.1. ECLKBRIDGECS Declaration in VHDL SOUICE COE .....cccuuiiiiiiiieeeiieeeeiieeeesteeeeetteeeeetteeeesateeeeeareeesnseeesssraeesennns 14
7.2. ECLKBRIDGECS Usage With Verilog SOUICE COUE ......ccocuiiiiiiiieeeiiie e cceeeesteeeeete e e ste e e esateeeesaete e e snaaesssnseeesnnens 15
8. Edge Clock Synchronization (ECLKSYNGCA) .......cooiiiiieiiiee e eciee ettt e s tte e e et e e eeaeae e e seaeeeeateeeesasseeesnnseaeesseeesanssesessseens 16
8.1. ECLKSYNCA Primitive DefiNiTioN ...c.ccuviiiiciies ettt e st e s et e s et e e s na e e e e snte e e esnnteessnnaneesnnseeesnnnns 16
8.2. ECLKSYNCA Declaration in VHDL SOUICE COUE......uuuiiiiiuiieeiiiiieeeiieeescteeeesitteeessaeeeesneeeeessteeeesnneessnnseessnsseeesnnnes 16
8.3. ECLKSYNCA Usage With Verilog SOUICE COUE.......cocuuiiiiiiiiiiiii ettt ettt ettt e e 17
9. ClOCK DIVIAEIS (CLKDIVC) ..eiuvieeieesirieeieesieeeiteesteesseessteesseessteesseesssessseesssesasseesssesaseesnsesenssssnsessnssesssesesssssnsessnsessnsens 18
9.1. CLKDIVC Primitive DefiNitioN......cccuiiee ettt ettt e e e et e e e tte e e e ata e e eeabeeeesbeaeesabaeesensraeessnnens 18
9.2. CLKDIVC Declaration in VHDL SOUICE COUE......ccuuiiiiiiiieeeiiee e ciiee e ettt e eettee e sae e e esateeeeesteeesnsaeeesssaeesenssasesnnnnens 19
9.3. CLKDIVC Usage With VErilog SOUINCE COUE........cccuuiieeiiee ettt ettt e et e e ete e e e sata e e s e tae e e sateeeesataeesensraeesnanens 19
10, SYSCLOCK PLL ..tuittieiteesitteetee sttt e st e sttt e st e st e s bt e sabeesabeesubeesabeesabeesaseesateesabeesabeesaseesabeesaseesabeesaseesabeesaseesabeesaneesabeesneenane 20
O I LW o To [T o F= 1 I =YY ol e o T o R 20
10.1.1. W DAV To L= g ] o Yol U PUPP 20
O o W =T Y U] L
10.2.1. Standby Mode
10.2.2. Fractional-N SYNTNESIS ......viiiiiiee ettt e et e e e ette e e e e tte e e eeataeeesataeeaessbeeeeesssasessseeaeasreeanannes 21
10.2.3. WWISHBONE POIES cuveiiiieeiiieieesiee st e st e st e st e st e site e steesabe e ssbeesabaesabaesabaessseesabeessseesabeesaseesntessnseessseesnseens 21
10.3.  PLLINPULS @GN0 OULPULS ..vvtiiiiiieeeiiiee et e e eiee e e sieeeeette e e eettaeeesabaeeeessaeeeasssesesnssaeeanssesesasssessssseseanssaessasssesesssens 22
10.3.1. CLKT TNPUL 1ttt ettt ettt sttt sttt st e sttt s bt e e bt e e bee e bt e e beeesbe e e steeaeeessbeebeeesnbeennseesnbeennneens 22
10.3.2. (O I 23T o U USSR 22
10.3.3. 2 I L] 10 PSR 22
10.3.4. 2 Y 2 1Y/ IR T o T PR 22
10.3.5. 2 Y 2 O T« T 1 PR 23
10.3.6. RESETD INPUL .ettitttitieeiteeiteetee et et e it e sttt esbe e sbtessbeesbeesabeesbaeenbaesbtesabeesbaeenbaeebaeenbesssaesnsassnssesnsens 23
10.3.7. ENCLKOP TNPUL c.tttt ittt ettt ettt sttt bt s e s bt e st e e btessbeesbtesabeesbaeenbaeebaeenbeesnsaesnbaesnssesnsens 23
10.3.8. ENCLKOS INPUL .ttt ettt ettt ettt sttt st ettt s sbe e st e s bt e s be e s bt e sabeesbeesabaesbaesabeesseesabeesneesarens 23
10.3.9. ENCLKOSZ TNPUL weeieitieeittteiteetee ettt ettt sttt et sttt e s bt e st s bt e s abe e s bt e sabeesbeesabeeesnesabeesseesabaesneesasens 24
10.3.10.  ENCLKOS3 INPUL 11etitieiiieiieeeiee et e et e et e eteesteeete e steeesteeesaesssesesaeenseeensaeansasasseansesesaeenseeensseensesaseennses 24
00 70 O 1= 0 [ ' T ORI 24
10.3.12.  PHASESEL INPUL .veiitieiiie ittt sieeeite st et este e s tee et e steesatessbeeesbesessaeesseeensaessseesssaesnsasensaeenseeensseensesenseassens 24
10.3.13.  PHASEDIR INPUL c.vttitieriititeesieesiteesieessteesbeesteesbe e sbeesabessseessbesssaessbessssaesssessnssesnsesenssesnsessnssesnsessnseesnses 24
10.3.14.  PHASESTEP INPUL .cciuttiitieiiieiieeeitesieeesieesteessttesbeesteesabeessseesabessseesabeessseessbesssaesnsessnssesnsessnssesnsesenseesnsens 24
10.3.15.  CLKOP OULPUL .ceutiiitieitieiieesite st e st e st sbe e sbe e st e sbeesabe e s beesabeesbeesabeesbeesabeesbtesabeesbtesabeessaesnbeesnseesanens 24
10.3.16.  CLKOS OULPUL .eoutieitieitie it sttt st ste e et s bttt e st e s bt e st e s bt e sabe e sbeesabee s beesabeesbbesabeesbaesabeesbbesnbeesseesanens 25
10.3.17.  CLKOS2 OULPUL c.uveiiiieiiieeitieeieeeiteesteeesteeetessstaeesessseessseeaaseesssasasseansesasaeassesassesssesaassesssesensseensesenssesnses 25

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

10.3.18.  CLKOS3 OULPUL teeeutieetieeitieeitteeitte ettt esttesteessteeebeesbaesbeessbeesbteesbeesseeesbeeesaeesstessteessbeenseeesaseessaeesnsesssseenns 25
10.3.19.  DPHSRC QULPUL ..eeieiiiieeee ettt ettt e e e e e sttt e e e e e s s et e e e e e e s seaasbeteeesssasssbeteeaeesesnsbaneeeessessnssaraaaessanan 25
10.3.20.  LOCK OULPUL .euveiitieeieeeiteeeiteeeitteeteeesteeste e e taeeteeesaeessee e saeasseessseasseessseasseessseaasseesssaansseessseesssnessseansseens 25
10.3.21.  WISHBONE POIES ..veeiviiitieeieeiiteeeiteeestaestesesteeetesesaaesesesaeesseessseasseeessseesseessseassseessseessssessseessenesssensssnesns 26
KO o I Y i | o UL LS ST RTUPPR 26
10.4.1. FIN ettt ettt ettt ettt ettt ettt et h e ettt e e e b et e b ae e b et e b ee e ae e e bt e e bee e heeehee e b eeenateenhteenaaeensteenateesateenaaeens 26
10.4.2. CLKI_DIV, CLKFB_DIV, CLKOP_DIV, CLKOS_DIV, CLKOS2_DIV, CLKOS3_DIV ....cccevcererrrerirenreenieeenveenneees 26
10.4.3. FREQUENCY_PIN_CLKI, FREQUENCY_PIN_CLKOP, FREQUENCY_PIN_CLKOS, FREQUENCY_PIN_CLOS?2,
FREQUENCY _PIN_CLKOS3....ccctttiitteeitteieesteesieesiteesseesteessseesateesseesateesuseesssessssessssesssseesssessseesssessseesssesssesssesssseesns 26
10.4.4. Frequency Tolerance — CLKOP, CLKOS, CLKOS2, CLKOS3 ........oviiicuieeeiiieeeecieeeeeeeeeesveeesssneeeesensneeesneeeens 26
11. MachXO3D PLL Primitive DefINITION ....ccccveiiiiieiiiiiiieetee ettt sttt sttt st st be e et e s bt e sbe e sbeesabee s 27
12, DYNamMiC Phase AJUSTMENT...c...iiiiiiiiieiiie ettt ettt et e et e bt e s bt e s bt e s bt e e beesbe e e bt e sabeesbbesabeeeneesareean 29
I T o = To [U]=Ta YoV Y o1V - | o o NSRS PR 31
14. Fractional-N Synthesis OPEration ........cuiiecciiiiiciiie ettt e et e e e et e e e e etee e e s baeeeetteeeeeabaeeesabseaeesteeeenssaeeessanaaan 32
15, LOW POWEE FEATUIES ..ceiiiiiieeeee ettt ettt e e e ettt e e e e e st e et e e e s s s e e e e e e e s esmnr e e e e e e e e e s s nrneeeeesesannnreneeesesannnnes 33
0 O V7 T=T o 1Tl o Yol X s F=1 o[RS 33
S Y 7 oo | o 1Y 201V, e Yo TSR 33
16. CoNfigUIING the PLL USING IP@XPIESS .ccuuiiieietiieeecieeeeiteeeeestteeesiteesessteeeesaeesessaseeeesssaeesassesesasseesessseesssssesesssseeeesssenesnn 34
16.1.  CONFIGUIAtION Tab..ii ittt ettt e e bt e st e s bt esa bt e st e e sa b e e sabeesabeeeabeesabeesnneesmbeannneenns 34
16.2.  CONFIGUIAtION IMOES. ... ..eiiiiiiiieiieette ettt s e e et e sa bt e s bt e sa b e e b e e s et e e sabeesabeeeabeesabeesaneesmbeannneenns 34
16.2.1. [ =Te [U1T oV 1Y, Lo e LTRSS SPTR 34
16.2.2. DRV Te [T 1Y, oo [P PP TP PRRTPTOPPRPPTNt 35
16.3.  IPEXPreSS OULPUL ..coiiiiiiiiiiiiiiiitieieeeeereee ettt ettt ettt e eeete ettt et et e ee et et et et et e e e e e e et et e et s e et e e e et e e e e et eeeeeseeeeeeeeeeeeeseeereseseresenene 37
16.4. Use Of the SPreadshEet VIEW ......cccuuii ittt e et e e e e e e s te e e e ate e e seneeeeesnteeeeensteeesnneeas 38
17. PLL Reference ClOCK SWItCh (PLLREFCS) .....ccouuiiiiieeeeeeteeeeeteeeeeeeee e eetteeeeetee e e eeaaeeeeeteeeeenssesesesaeeeeenseeeeensresesnsnneessseneean 39
17.1.  PLLREFCS Declaration in VHDL SOUICE COUE ...ciiiriiiiiiiieeeiiieeeeiiee e siteeesiee e sette e s sbteesssateeesaeneessnbaeesssseessnneeas 39
17.2.  PLLREFCS Usage With Verilog SOUMCE COE ....cc.uiiiiiiiiiiiiinieeiiee ettt sttt sttt et st e sane e sibeesanee e 40
18.  INtEINAl OSCIHIAtOr (OSCU) ceiiiiiiie ettt ettt e et e ettt e e e tte e e e etteeeesabeeeeetbeseeaasaeeeaabaeaeenssasesassasaeansssesesbasesansaeeesasenaaan 41
18.1.  OSCJ Primitive DefiNItION . ..ccueiiiieeieeiieesieestee sttt ettt s e st e s e e s be e s teesbeesabeassbeessseessseessteassseessseasssnenns 41
18.2.  OSCJ Declaration in VHDL SOUICE COUE....cciuiiriiiriiinieeiitesiteesteesteesteesseessteessaeesssesssseesssesssseesssessseesssesssseenns 42
18.3.  OSCJ Instantiation in VErilog SOUICE COUE .......iiiiiiiiiiiieeeeiieeeeeitee e ettee e et ee e e tre e e s tre e e e sate e e seasaeeesataeeeessaeesnnees 43
Appendix A. Primary Clock Sources and DistribDULION .......ccccuuiiiiiiiee e aaee e e enee e 44
Appendix B. Edge Clock Sources and CONNECTIVITY ...ccc.eiiiieriiiiiieeee ettt et sareesaeee e 45
Appendix C. ClOCK Prefer@NCeS .....eeieieiiieeeee ettt ettt e h e e be e e s at e e bt e e s bt e e be e e sbe e e bt e e sneesabeeennesnneean 47
Appendix D. PLL WISHBONE BUS OPEIatiON.....ccciiuiieeiiiieeeiiieeesitteeesitteessiteeessisteessabaeesssteeessusaeessssaeesssssesessnsneessnsseesnn 50
D.1. Y o] Y1 =Y U TR 50
Appendix E. MachX03D Device Usage with Lattice Diamond Design SOftWare..........ccocccvveeeeiieeeciiee e 59
(0] £ = g T =T TSR TUPTR 61
Yol gL g Tor 1RO o] o Yo Y3 ] = g Y <SP 62
AV Ty To] o W 13 o] YU PTPPPRRRRN 63
TeChNICAl SUPPOIT ASSISTANCE ..ccuviiiiiieitiete ettt ettt rb e s bt e sbe e s bt e bt e e bt e e bt e sabeeebeeeabeeebeeeabeesbeesabeeebeesareean 63
Figures
Figure 3.1. MachXO3D ClIOCKING StrUCTUIE........iiieeiiiieetiee e et e e ee e e setee e e ste e e e e rtteeesaaaeeesstaeeeasstesesssaeeesssseeaassseeesnnssseesnsenanan 8
Figure 4.1. DCIMA PrimitiVe SYMDOL......cuiiie ittt e e et e e e et e e e saaa e e e s ataeeeesstaeesssaeeesstaeeeanstaeeernsaeeesnsananan 9
Figure 5.1. DCCA Primitive SYMOL .....coo ettt et e s et e e e e e s st e e e e a e e e ssaeeeeesnsseeeenteeeennneeeeennnees 11
Figure 7.1. ECLKBRIDGECS Primitive SYMDOL .....ooo ittt e ettt e st e e et e e e snae e e e sneeeeesnteeeennnneeeennnes 14
Figure 8.1. ECLKSYNCA Primitive SYMDOL.......coiuiiiiiiiiieiiieiieeee ettt sttt ettt st e s e st esr e st e saneesars 16
Figure 9.1. MachXO3D ClOCK DIVIHEI ......ueiruiiiriiieiteeiiteeeee ettt ettt ettt e st e st e s bt e sa e e sabeesab e e sabeesabeesaseesabeesaseesabeesnneesares 18
Figure 9.2. CLKDIVC Primitive SYMBOL ... ettt e et e e e e e e ettt e e e e e e e e e aastaeeeeaeeesnstaneeeeeeenannees 18
Figure 10.1. MachXO3D PLL BIOCK DIi@gIram.......ccicieiiiiiiiiee e ecciiteee e e e e ettt e e e e e e eettte e e e e e e sesaataeeeeaesesanstaeseaaeeesnstanneaaseesansses 20
Figure 10.2. RST and RESETIM TimiNg DIGZIam ....ccuuiiiiciieeeiiiee e ettt e eeiteeestteeeestteeeeetaeeesabaeeeesstaeesanssesesssasaensteseeanssnsesssees 22

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figure 10.3. RESETC and RESETD TimiNg DIiagrram .......uceeeiiieeeeiiieesiteeeesteeeeesiteeesenseesssasaeessssesssnsssssssnsssesasssssesnssesssssseanans 23
Figure 11.1. PLL Primitive SYMDBOL......cocuiiiiiiii ettt ettt ettt e se et s it e sae e e s bt e e sat e e smteesaneesaseenneeens 27
Figure 12.1. GPLL VCO Phase Rotation Timing DIagram ........ccueireeeiuierrieeiiieeneeesiteesiteesireesieeesiteesieeesareesseeesnreesnneesaseenneeens 30
Figure 16.1. IPexpress Main Window fOr PLL MOGUIE..........oooouiiiiiiee ettt ettt e et e e et e e e et e e e e aae e e s aaeaeans 34
Figure 16.2. MachXO3D PLL CONFIGUIation Tab .......cocuiieiiiiee ettt ettt e e ettt e e e ata e e e s beeeeeareeeeensaeaesraeaanns 35
Figure 16.3. Spreadsheet VIEW EXAMIPIE .......ooo ittt ettt e e e tte e e ettee e e sttt e e e etbeeeeabaeeesataseeanssaeesansaeeesaseeaans 38
Figure 17.1. PLLREFCS PrimitiVe SYMDOL........oii ittt ettt e e tte e et e e e st e e e etb e e e eeabaeeesataseeenssaeesnsaeeesasanaans 39
Figure 18.1. OSCJ PrimitiVe SYMDOI ... ...eiiieiiiie ettt e et e e e e te e e st e e e s taeeeessseeesnsaeeesataeeeassseeesnsaeeesnseeaaans 41
Figure A.1. MachXO3D Primary Clock Sources and DistribDULION ..........coccuiiiieiiii it sare e 44
Figure A.2. MachXO3D Primary ClOCK IMUXES .......ueiiiuiieeeiiieeeeiiee e sctteeesttee e st e e saaeeeesataeessnteeesnaseeeesnseeeeansseeesnnseesesseeanans 44
Figure B.1. MachXO3D Edge Clock Sources and CONNECTIVITY .....cceicueeeiiiieieeieeeciies et e s tee e eeee e stee e e s e e seaee e e saaeeeens 45
Figure B.2. MachXO3D Edge Clock Bridge Sources and CONNECEIVILY .......coiueiriiiiieiniienieesiee ettt 46
Figure C.1. Timing Preferences/INPUT_SETUP, CLOCK_TO_OUT Preference WindOW ........ccccocveeeveeireeeieeesreeeeeesereeenneens 49
Figure D.1. PLL CLKOP OULPUL SECTION....cciiiiiiiiiiicc e e e e e e e e e e e e e e e e e e e e e e e e e e eaeaaaens 51
Figure E.1. IPexpress Main Window for PLL Module Using Diamond .........cccccviiiiiieriiiiieeeiee e seiees e sieeeeeivee e senee e snneeens 59
Figure E.2. Spreadsheet View for Clock Selection Using Diamond ........cceeiieiriiiiieinieenieeniee e eseeesireeseeesireesineesiseesaneens 60
Tables

Table 1.1. Number of PLLs, Edge Clocks, and ClOCK DIiVIAEIS .......cccuueieeiuiieeeeieieeciiee e ecttee e eree e e stree e et e e s eaar e e e satae e e esreeesnneeas 7
Table 4.1. DCMA Primitive POrt DefiNition ......cocuii ittt st sba e s b s nba e b e s naeesabees 9
Table 5.1. DCCA Primitive POrt Definition .......cociiiiiiiiiiiiecee ettt sttt e st s bee st esbeesabeesneesane 11
Table 7.1. ECLKBRIDGECS Primitive POrt DEfiNITiON .......cc.eeiieiiiiiiiiee et ssee st e st e e st e et e e s s ane e s snaeaeesnneeeennnee 14
Table 8.1. ECLKSYNCA Primitive POrt Definition ......cc.uiiiiiiiiiier ettt ettt e s sire e s sbae e e s sabe e e sanee 16
Table 9.1. CLKDIVC Primitive POrt DefinNitioN .....cciicieiciiiiiecciee ettt sttt sie st e st s s saeeste s ssaeesabe e saeessbessnbeesabeesseesnne 18
Table 9.2. CLKDIVC Primitive Attribute DefinitioN ......cciiiiiiiciei ettt st sbe e s ae e sbe e saeesabeesneesane 19
Table 11.1. PLL Primitive POrt Definition .....ccueicii ittt st s te e s be e sbeesabe e snbaesabeesnaesane 27
Table 12.1. PHASESEL Signal Settings DefiNitioNs........cciiiiii ittt e e tre e s ate e e et e e s aae e e sasaaeeennteeesnnnes 29
Table 12.2. PHASEDIR Signal Settings DefinitioNns.........cccuiiiieiiiiiiciiee e eetee e ee et e s ae e e et e e e s nne e e snaeeeesnteeeennnns 29
Table 16.1. User Parameters in the IPeXpress INtErfaCe......ccu i iiiee ettt e e e e e snae e e et eeenanes 36
Table 17.1. PLLREFCS Primitive POrt DefinitioN .....cccuieiiiiieieeiiis sttt ettt ettt e st e s s e e et e e ssane e s snaeeeennbeeesnanne 39
Table 18.1. OSCJ Primitive POrt Definition.......ccuiiiiciiee et sree et e e st e s s aae e e e s te e e sssaneessssaeeesnnteeesnanne 41
Table 18.2. OSCJ Primitive Attribute DefinitioN......ccccciiiiieccie et s e e sae e s be e sbeesbeesaeesnne 41
Table 18.3. OSCJ Supported FreqUENCY SETLINGS ...ccuviieiiiiieceiiee e eiee e st e e ettt e e s rttee e e st teeeeetaeeesabeeeesstaeesasssaeessseesessteeenansns 42
Table D.1. PLL Data BUS POrt DEFINITIONS ....cccviiiiiiiiieciis ettt st s sae e st e e s te e sabe e saeesabaesateesabeesnaenane 50
Table D.2. EFB WISHBONE LOCations fOr PLL REZISLEIS .....viiieceieeieciieeecieeeeetee e esee e e stee e e et e e saae e e eseteeesennneessnsaneeennneeesnnnns 51
LI Lo [ O R T o W (Y= 1 ol B LTy ol T o o LRSS 53

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Acronyms in This Document

A list of acronyms used in this document.

= LATTICE

Acronym Definition

CLKDIVC Clock Dividers for MachXO3D Device

DCCA Dynamic Clock Control for MachXO3D Device
DCMA Dynamic Clock Mux for MachXO3D Device
DDR Double Data Rate

ECLKSYNCA Edge Clock Synchronization for MachXO3D Device
FPGA Field-Programmable Gate Array

JTAG Joint Test Action Group

LVDS Low-Voltage Differential Signaling

0sclJ Internal Oscillator for MachXO3D Device

PLL Phase Locked Loop

VCO Voltage-Controlled Oscillator
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1. Introduction

The MachXO3D™ devices support a variety of I/0 interfaces such as display interfaces (7:1 LVDS) and high speed DDR
interfaces with gearing. In order to support applications that use these interfaces, the MachXO3D device architecture is
designed to include advanced clocking features that are typically found in higher density FPGAs. These features provide
designers the ability to synthesize clocks, minimize clock skew, improve performance and manage power consumption.
This technical note describes the clock resources available in the MachXO3D devices. Details are provided for primary
clocks, edge clocks, clock dividers, sysCLOCK™ PLLs, DCC elements, the secondary high fan-out nets, and the internal
oscillator available in the MachXO3D device.

The number of PLLs, edge clocks, and clock dividers for each MachXO3D device are listed in Table 1.1.

Table 1.1. Number of PLLs, Edge Clocks, and Clock Dividers

Parameter Description MachX03D-4300 MachX03D -9400
Number of PLLs General purpose PLLs 2 2
Number of edge clocks Edge clocks for high-speed applications 4 4

(top and bottom sides)
Number of clock dividers Clock dividers for DDR applications 4 4

2. Clock/Control Distribution Network

MachX03D devices provide global clock distribution in the form of eight global primary clocks and eight secondary high
fan-out nets. Two edge clocks are provided on the top and bottom sides. Other clock sources include clock input pins,
internal nodes, PLLs, clock dividers, and the internal oscillator.
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3. MachX03D Top Level View

A top-level view of the major clocking resources for the MachX03D device is shown in Figure 3.1.

| syslO Bank 0
ECLK1

ECLKO

B PLL | OSC B
CLKDIV . . CLKDIV

8 Global
Primary Clocks

syslO Bank 3
syslO Bank 1

CLKDIV ECLK CLKDIV
Bridge

ECLKO

ECLK1

syslO Bank 2

Figure 3.1. MachX03D Clocking Structure

3.1. Primary Clocks

The MachXO3D device has eight global primary clocks. The primary clock networks provide a low skew clock

distribution path across the chip for high fan-out signals. Two of the primary clocks are equipped with a Dynamic Clock
Mux (DCMA) feature that provides the ability to switch between two different clock sources.

The sources of the primary clocks are:

Dedicated clock pins
PLL outputs

CLKDIV outputs
Internal nodes
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4. Dynamic Clock Mux (DCMA)

The MachX03D devices have two Dynamic Clock Muxes (DCMA) that allow a design to dynamically switch between two
independent primary clock signals. The output of the DCMA is to the primary clock distribution network. The inputs to
the DCMA can be any of the clock sources available to the primary clock network.

The DCMA is a simple clock buffer with a multiplexer function. There is no synchronization of the clock signals when
switching occurs so a glitch could occur.

4.1. DCMA Primitive Definition

The DCMA primitive can be instantiated in the source code of a design as defined in this section. Figure 4.1 and
Table 4.1 show the DCMA definitions.

DCMA
——CLKO
——CLK1 DCMOUT ——
—SEL

Figure 4.1. DCMA Primitive Symbol

Table 4.1. DCMA Primitive Port Definition

Port Name 1/0 Description

CLKO | Clock input port zero — default
CLK1 | Clock input port one

SEL | Select port

e  SEL=0 for CLKO
e  SEL=1for CLK1

DCMOUT (e} Clock output port

4.2. DCMA Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component Declaration

component DCMA

port (CLK@: in std_logic;
CLK1: in std_logic;
SEL: in std_logic;
DCMOUT :out std_logic);

end component;

DCMA Instantiation

I1: DCMA

port map (CLK@ => CLKO,
CLK1 => CLK1,

SEL => SEL,

DCMOUT => DCMOUT);
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4.3. DCMA Usage with Verilog Source Code

Component Declaration

module DCMA (CLK@, CLK1, SEL, DCMOUT);
input CLKO;

input CLK1;

input SEL;

output DCMOUT;

endmodule

DCMA Instantiation

DCMA I1 (.CLK@ (CLK@),
.CLK1 (CLK1),
.SEL (SEL),
.DCMOUT (DCMOUT));

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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5. Dynamic Clock Control (DCCA)

The MachX03D devices have a dynamic clock control feature that is available for each of the primary clock networks.
The Dynamic Clock Control (DCCA) allows each primary clock to be disabled from core logic if desired. Doing so disables
a clock and its associated logic in the design when it is not needed and thus saves power.

5.1. DCCA Primitive Definition

The DCCA primitive can be instantiated in the source code of a design as defined in this section. Figure 5.1 and

Table 5.1 show the DCMA definitions.

DCCA

— CLKI

—CE

CLKO

Figure 5.1. DCCA Primitive Symbol

Table 5.1. DCCA Primitive Port Definition

Port Name 1/0 Description

CLKI | Clock input

CE | Clock enable port
—CE =0-disabled
—CE=1--enabled

CLKO 0 Clock output port

5.2. DCCA Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component Declaration

component DCCA

port(CLKI: in std_logic;
CE:in std_logic;
CLKO: out std_logic);

end component;

DCCA Instantiation

I1: DCCA
port map(CLKI=> CLKI,
CE => CE,

CLKO=>CLKO) ;
end component;
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5.3. DCCA Usage with Verilog Source Code

Component Declaration
module DCCA (CLKI, CE, CLKO);
input CLKI;
input CE;
output CLKO;
endmodule

DCCA Instantiation

DCCA I1(.CLKI (CLKI),
.CE (CE),
.CLKO (CLKO));

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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6. Edge Clocks

There are two edge clock resources on the top and bottom sides of the device. These clocks, which have low injection
time and skew, are used to clock I/O registers. Edge clock resources are designed for high-speed I/0O interfaces with
high fan-out capability. Refer to Appendix B. Edge Clock Sources and Connectivity for detailed information on the ECLK
locations and connectivity.

The sources of edge clocks are:
e Dedicated clock pins

e  PLL outputs

e Internal nodes

6.1. Edge Clock Bridge

The MachX03D devices also have an edge clock bridge that is used to enhance communication of ECLKs across the
device. The bridge allows an input on the bottom of the device to drive the edge clock on the top edge of the device
with minimal skew. Edge clock sources can either go through the edge clock bridge to connect to the edge clock or can
be directly connected using the shortest path.

The Edge Clock Bridge is primarily intended for use with high-speed data interfaces such as DDR or 7:1 LVDS Video. For
more information on the use of the Edge Clock Bridge, see Implementing High-Speed Interfaces with MachX0O3D
Devices (FPGA-TN-02065).

In the Edge Clock Bridge, there is a clock select mux that allows a design to switch between two different clock sources
for each edge clock. This clock select mux is modeled using the ECLKBRIDGECS primitive. A block diagram of the edge
clock bridge is shown in Appendix B. Edge Clock Sources and Connectivity.
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7. ECLKBRIDGECS Primitive Definition

The ECLKBRIDGECS primitive can be instantiated in the source code of a design as defined in this section. A design can
have up to two instantiations of ECLKBRIDGECS primitives if desired. Figure 7.1 and Table 7.1 show the ECLKBRIDGECS

definitions.

ECLKBRIDGECS
CLKO
CLK1 ECSOUT——
SEL

Figure 7.1. ECLKBRIDGECS Primitive Symbol

Table 7.1. ECLKBRIDGECS Primitive Port Definition

= LATTICE

Port Name 1/0 Description
CLKO | Clock Input port zero — default.
CLK1 | Clock Input port one
SEL | Select port
— SEL=0 for CLKO
—SEL=1 for CLK1
ECSOUT 0 Clock output port

7.1. ECLKBRIDGECS Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component Declaration
component ECLKBRIDGECS
port (CLKO:in std_logic;
CLK1: in std_logic;
SEL: in std_logic;
ECSOUT: out std_logic);
end component;

ECLKBRIDGECS Instantiation
I1: ECLKBRIDGECS
port map (CLK@=>CLK®,
CLK1 => CLK1,
SEL => SEL,
ECSOUT => ECSOUT);
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7.2. ECLKBRIDGECS Usage with Verilog Source Code

Component Declaration
module ECLKBRIDGECS (CLK®, CLK1, SEL, ECSOUT);

input CLKO;
input CLK1;
input SEL;
output ECSOUT;

endmodule

ECLKBRIDGECS Instantiation
ECLKBRIDGECS I1 (.CLK@ (CLK®),
.CLK1 (CLK1),
.SEL (SEL),
.ECSOUT (ECSOUT));

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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8. Edge Clock Synchronization (ECLKSYNCA)

The MachX03D devices also have a dynamic edge clock synchronization control (ECLKSYNCA). This feature allows each
edge clock to be disabled from core logic if desired. Designers can use this feature to synchronize the edge clock to an
event or external signal if desired. Designers can also use this feature to design applications in which a clock and its
associated logic can be dynamically disabled to save power.

8.1. ECLKSYNCA Primitive Definition

The ECLKSYNCA primitive can be instantiated in the source code of a design as defined in this section. Figure 8.1 and
Table 8.1 show the ECLKSYNCA definitions.

ECLKSYNCA

— ECLKI
ECLKO|——
—STOP

Figure 8.1. ECLKSYNCA Primitive Symbol

Table 8.1. ECLKSYNCA Primitive Port Definition

Port Name 1/0 Description
ECLK | Clock Input port
STOP | Control signal to stop edge clock

— STOP=0 Clock is active
— STOP=1 Clock is off
ECLKO 0 Clock output port

8.2. ECLKSYNCA Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component Declaration

component ECLKSYNCA

port (ECLKI : in std_logic;
STOP : in std_logic;
ECLKO : out std_logic);

end component;

ECLKSYNCA Instantiation

I1: ECLKSYNCA

port map(ECLKI => ECLKI,
STOP => STOP,
ECLKO => ECLKO);
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8.3. ECLKSYNCA Usage with Verilog Source Code

Component Declaration

module ECLKSYNCA (ECLKI, STOP, ECLKO);
input ECLKI;

input STOP;

output ECLKO;

endmodule

ECLKSYNCA Instantiation
ECLKSYNCA I1 (.ECLKI (ECLKI),
.STOP (STOP),

.ECLKO (ECLKO));

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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9. Clock Dividers (CLKDIVC)

There are four clock dividers available in the MachXO3D devices. The clock divider provides two outputs. One is the
same frequency as the input clock and the other is the input clock divided by either 2, 3.5, or 4. Both of the outputs
have matched input-to-output delay. The input to the clock divider is the output from the edge clock mux. The outputs
of the clock divider drive the primary clock network and are available for general purpose routing or secondary clocks.

A block diagram of the clock divider is shown in Figure 9.1.

ECLK Clock Divider > To Primary
Mux ’ /1 and Clock
(/2 or /3.5 or /4) > Switch Box
> To General
Purpose
RST ALIGNWD Routing

Figure 9.1. MachXO3D Clock Divider

9.1. CLKDIVC Primitive Definition

The CLKDIVC primitive can be instantiated in the source code of a design as defined in this section. Figure 9.2 and
Table 9.1 and Table 9.2 show the CLKDIVC definitions.

CLKDIVC
— | CLKI CDIV1 ——
——|RST
——| ALIGNWD CDIVX——

Figure 9.2. CLKDIVC Primitive Symbol

Table 9.1. CLKDIVC Primitive Port Definition

Port Name 1/0 Description
CLKI | Clock input
RST | Reset input - asynchronously forces all outputs low

— RST = 0 Clock output outputs are active
—RST =1 Clock output outputs are OFF

ALIGNWD | Signal is used for word alignment.

— ALIGNWD = 0 when not used

See Implementing High-Speed Interfaces with MachXO3D Devices (FPGA-TN-
02065) for more information.

CDIV1 0 Divide by 1 output port. When RST = 1 CDIV1 output does not toggle
and stays either Lor H
CDIVX (0] Divided by 2, 3.5, or 4 output port
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Table 9.2. CLKDIVC Primitive Attribute Definition

Name Description Value Default
GSR GSR Enable ENABLED, DISABLED DISABLED
DIV CLK Divider 2.0,3.5,0r4.0 2.0

The ALIGNWD input is intended for use with high-speed data interfaces such as DDR or 7:1 LVDS video. For more
information on the use of ALIGNWD, see Implementing High-Speed Interfaces with MachXO3D Devices
(FPGA-TN-02065).

9.2. CLKDIVC Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component and Attribute Declaration
component CLKDIVC
generic (DIV : string;
GSR : string);
port (RST: in std_logic;
CLKI: in std_logic;
ALIGNWD: in std_logic;
CDIV1: out std_logic;
CDIVX : out std_logic);
end component;

CLKDIVC Instantiation

I1: CLKDIVC

generic map (DIV => "2.0",
GSR => "DISABLED")

port map (RST => RST,
CLKI => CLKIT,
ALIGNWD => ALIGNWD,
CDIV1l => CDIV1,
CDIVX = > CDIVX);

9.3. CLKDIVC Usage with Verilog Source Code

Component and Attribute Declaration

module CLKDIVC (RST, CLKI, ALIGNWD, CDIV1, CDIVX);
parameter DIV = "2.0";// "2.0", "3.5", "4.0"
parameter GSR = "DISABLED";// "ENABLED", "DISABLED"
input RST;

input CLKI;

input ALIGNWD;

output CDIV1;

output CDIVX;

endmodule

CLKDIVC Instantiation
defparam I1.DIV = "2.0";
defparam I1.GSR = "DISABLED";

CLKDIVC I1 (.RST (RST),
.CLKI(CLKI),
.ALIGNWD (ALIGNWD),
.CDIV1 (CDIV1),

.CDIVX (CDIVX));
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10. sysCLOCK PLL

The MachX03D PLL provides features such as clock injection delay removal, frequency synthesis, and phase
adjustment. Figure 10.1 shows a block diagram of the MachXO3D PLL.

DPHSRC
D_ PHASESEL(1:0] :
pHaseDIR | Dynamic
> P Phase
D PHASESTEP Adjust
-
‘ id
CLKOP Phase A2 CIkEn CLkoP
A0| Divider [ Adjust/ > Hp >
[ >—+—» smsy (1-128) Edge Trim el Rl | Syl
REFCLK
N - cLkos
CLKI REFCLK CLKC;S N P:ase/ p| 82 || clien
— BO Divider Adjust >
> | Divider P Phase detector, N (1-128) Edgejmm 7 Mux| * synch
M (1 - 40) \VCO, and >
loop filter. ]
CLKFB FBKSE N o id CLKOS2
L Phase Cc2 CIKEn
D— FBKCLK Fractional-N __> C0_> Divider _0-’ Adjust > Mux-> Synch D
Divider # Synthesizer L (1-128)
N (1-40)
N Yl
’ ' D1 (Gers) Phase D2 CIKEn cross
P | .
| oy Mux-> EiEer -> Adjust . Mux_> Synch D
Internal Feedback L (1-128)
CLKOP, CLKOS, CLKOS2, CL/KIOSS Lock
Lock
4
D——} RST, RESETM, RESETC, RESETD Detect D
D——} ENCLKOP, ENCLKOS, ENCLKOS2, ENCLKOS3
PLLDATO[7:0], PLLACK —| >
D——} PLLCLK, PLLRST, PLLSTB, PLLWE, PLLDATI[7:0], PLLADDR[4:0] (7:0)

Figure 10.1. MachXO3D PLL Block Diagram

10.1. Functional Description

10.1.1. PLL Divider Blocks
Input Clock (CLKI) Divider:

The CLKI divider is used to control the input clock frequency into the PLL block. The divider setting directly corresponds
to the divisor of the output clock. The input must be within the input frequency range specified in MachX03D Device
Family Data Sheet (FPGA-DS-02026). The output of the input divider must also be within the phase detector frequency
range specified in the data sheet.

Feedback Loop (CLKFB) Divider:

The CLKFB divider is used to divide the feedback signal. Effectively, this multiplies the output clock because the divided
feedback must speed up to match the input frequency into the PLL block. The PLL block increases the output frequency
until the divided feedback frequency equals the input frequency.

The output of the feedback divider must be within the phase detector frequency range specified in MachXO3D Device
Family Data Sheet (FPGA-DS-02026).
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Output Clock Dividers (CLKOP, CLKOS, CLKOS2, CLKOS3):

The output clock dividers allow the VCO frequency to be scaled up to the 200-800 MHz range, which minimizes jitter.
This is the optimal range for best operation of the PLL. The PLL can still work outside the specified range, but the clock
output may have increased jitter and may go beyond the jitter specification. Each of the output dividers is independent
of the other dividers and each uses the VCO as the source by default. Each of the output dividers can be set to a value
of 1to 128. The CLKOS2 and CLKOS3 dividers can be cascaded together to produce a lower frequency output if desired.
Phase Adjustment (Static Mode):

The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can be phase adjusted relative to the input clock. The phase
adjustments can be done in 45° steps. The clock output selected as the feedback cannot use the static phase
adjustment feature.

Phase Adjustment (Dynamic Mode):

The phase adjustments can also be controlled in a dynamic mode using the PHASESEL, PHASEDIR, and PHASESTEP
ports. The clock output selected as the feedback cannot use the dynamic phase adjustment feature. See the Dynamic
Phase Adjustment section of this document for more details.

Phase Alignment:

After the device reaches steady state operation after power-up, and after releasing RST and RESETM, the CLKOP and
CLKOS outputs are edge aligned (for related frequencies) when Phase Adjustment is set to 0 degrees. Under the same
conditions, CLKOS2 and CLKOS3 are aligned to CLKOP and CLKOS to within one VCO clock period.

Edge Trim Adjustment (Static Mode):

The CLKOP and CLKOS ports can be finely tuned with an edge trim adjustment feature.

10.2. PLL Features

10.2.1. Standby Mode

The MachX03D PLL contains a Standby mode that allows the PLL to be placed into a standby state to save power when
not needed in the design. The PLL can be powered down completely or just partially depending on the needs of the
design.

10.2.2. Fractional-N synthesis

The MachXO3D PLL contains a fractional-N synthesis feature which allows you to generate an output clock which is a
non-integer multiple of the input frequency. You are allowed to enter a value between 0 and 65535 for the fractional-N
divider. This value is then divided by 65536 and the result is added to the feedback divider. A MASH Delta-Sigma
modulation technique is used such that the average effective feedback divide value is equal to this value. Fractional-N
synthesis can be used to create a closer PPM match to the target frequency.

10.2.3. WISHBONE Ports

The MachXO03D PLL contains a WISHBONE port feature, which allows the PLL settings to be dynamically changed from
the user logic. When using this feature the EFB block must also be instantiated in the design to allow access to the
WISHBONE ports. The WISHBONE ports of the PLL must be connected to the WISHBONE ports of the EFB block for
proper simulation and operation. The use of the WISHBONE ports is described in detail in Appendix D. PLL WISHBONE
Bus Operation.
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10.3. PLL Inputs and Outputs

10.3.1. CLKI Input

The CLKI signal is the reference clock for the PLL. It must conform to the specifications in the data sheet in order for the
PLL to operate correctly. The CLKI signal can come from a dedicated dual-purpose I/O pin, from any 1/0O pin, or from
routing. The dedicated dual-purpose I/O pin provides a low skew input path and is the recommended source for the
PLL. The reference clock is divided by the input (M) divider to create one input to the phase detector of the PLL. The
dedicated GPLL pins and PCLK pins located on the top and bottom sides provide direct connection to the PLL input. The
PCLK pins located on the left and right sides use primary clock routing to connect to the PLL input pin.

10.3.2. CLKFB Input

The CLKFB signal is the feedback signal to the PLL. The feedback signal is used by the PLL to determine if the output
clock needs adjustment to maintain the correct frequency, phase, or other characteristic. The CLKFB signal can come
from the primary clock net, from a dedicated dual-purpose I/O pin, directly from an output clock divider, or from
routing. By using external feedback, designers can compensate for board-level clock alignment. The feedback clock
signal is divided by the feedback (N) divider to create an input to the phase detector of the PLL. A bypassed PLL output
cannot be used as the feedback signal.

10.3.3. RST Input

The PLL reset occurs under two conditions. At power-up an internal power-up reset signal from the configuration block
resets the PLL. The user-controlled PLL reset signal RST can be provided as a part of the PLL module. The RST signal can
be driven by an internally-generated reset function or by an I/O pin. This RST signal resets the PLL core (VCO, phase
detector, and charge pump) and the output dividers, which causes the outputs to be grounded, even in bypass mode.

After the RST signal is de-asserted, the PLL starts the lock-in process and takes tLOCK time to complete the PLL LOCK.
Figure 10.2 shows the timing diagram of the RST input. The RST signal is active high. The RST signal is optional.

The RST input does NOT reset the input divider (M-divider). The reason for not resetting the M-divider is that there
may be a clock used externally that is a synchronized to the reference clock. In this case there is a state relationship
between the external clock and the M-divided clock (which the PLL is synchronized to). You need to preserve this
relationship when resetting the PLL. In this condition, RST is used to reset the PLL without resetting the M-divider.

10.3.4. RESETM Input

The user-controlled PLL reset signal RESETM can be provided as a part of the PLL module. The RESETM signal can be
driven by an internally-generated reset function or by an I/O pin. The RESETM signal resets the PLL core (similar to RST)
and the all the dividers, including the M-divider. This causes the outputs to be grounded, including when the PLL is in
bypass mode.

After the RESETM signal is de-asserted, the PLL starts the lock-in process and takes tLOCK time to complete the PLL
LOCK. Figure 10.2 shows the timing diagram of the RESETM input. The RESETM signal is active high. The RESETM signal
is optional.

To synchronize the PLL output to an external clock source, use the RESET signal to reset the PLL.

| | |
le— tRST —pl tRSTREC

RESETM : vy

T

I
cwn LU Ly T LML L
Div. Out av; _,_|_,_|_,_|_,_\_,_|_

Figure 10.2. RST and RESETM Timing Diagram
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10.3.5. RESETC Input

The user-controlled PLL reset signal RESETC can be provided as a part of the PLL module. The RESETC signal can be
driven by an internally-generated reset function or by an I/O pin. This RESETC signal resets only the CLKOS2 output
divider. This causes the CLKOS2 output to be grounded unless the output is in the bypass mode. If this output is in
bypass mode as a clock divider, it is reset by the RESETC signal. The RESETC signal can be used to synchronize the
CLKOS2 output to an external clock signal.

After the RESETC signal is de-asserted there is a time delay of tRSTREC_DIV time before the next clock edge toggles the
CLKOS2 output divider. Figure 10.3 shows the timing diagram of the RESETC input. The RESETC signal does not affect
the PLL loop unless the CLKOS2 output is used in the feedback path. If the CLKOS2 output is used in the feedback path,
it is recommended to use the RST or RESETM signal to reset the PLL rather than RESETC. The RESETC signal is active
high. The RESETC signal is optional.

10.3.6. RESETD Input

The user-controlled PLL reset signal RESETD can be provided as a part of the PLL module. The RESETD signal can be
driven by an internally-generated reset function or by an I/O pin. This RESETD signal resets only the CLKOS3 output
divider. This causes the CLKOS3 output to be grounded unless the output is in the bypass mode. If this output is in
bypass mode as a clock divider, it is reset by the RESETD signal. The RESETD signal can be used to synchronize the
CLKOS3 output to an external clock signal.

After the RESETD signal is de-asserted there is a time delay of trstrec_piv time before the next clock edge toggles the
CLKOS3 output divider. Figure 10.3 shows the timing diagram of the RESETD input. The RESETD signal does not affect
the PLL loop unless the CLKOS3 output is used in the feedback path. If the CLKOS3 output is used in the feedback path,
it is recommended to use the RST or RESETM signal to reset the PLL rather than RESETD. The RESETD signal is active
high. The RESETD signal is optional.

I I I trsTREC_DIV
RSTOV ) g _

RESETC/D : v

I

|
cwn [ LU Ly LT
oiv.out [ ][] pnininininl

Figure 10.3. RESETC and RESETD Timing Diagram

10.3.7. ENCLKOP Input

The ENCLKOP signal is used to enable and disable the CLKOP output from a user signal. This enables designers to save
power by stopping the CLKOP output when it is not used. Additionally this signal also allows the designer to
synchronize CLKOP with another signal in the design. The ENCLKOP signal is optional and is only available if you
selected the clock enable ports option in IPexpress™. If the ENCLKOP signal is not requested, the CLKOP output is active
at all times (when the PLL is instantiated) unless the PLL is placed into the standby mode. The ENCLKOP signal is active
high.

10.3.8. ENCLKOS Input

The ENCLKOS signal is used to enable and disable the CLKOS output from a user signal. This enables designers to save
power by stopping the CLKOS output when it is not used. Additionally, this signal also allows the designer to
synchronize CLKOS with another signal in the design. The ENCLKOS signal is optional and is only available when the PLL
is configured with the CLKOS output and the Clock Enable ports options in IPexpress. If the PLL is configured with the
CLKOS output enabled and the ENCLKOS signal is not requested, the CLKOS output is always active unless the PLL is
placed into the standby mode. The ENCLKOS signal is active high.
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10.3.9. ENCLKOS2 Input

The ENCLKOS2 signal is used to enable and disable the CLKOS2 output from a user signal. This enables designers to save
power by stopping the CLKOS2 output when it is not used. Additionally, this signal allows the designer to synchronize
CLKOS2 with another signal in the design. The ENCLKOS2 signal is optional and is only available when the PLL is
configured with the CLKOS2 output and the Clock Enable ports options in IPexpress. If the PLL is configured with the
CLKOS2 output enabled and the ENCLKOS2 signal is not requested, the CLKOS2 output is always active unless the PLL is
placed into the standby mode. The ENCLKOS?2 signal is active high.

10.3.10. ENCLKOS3 Input

The ENCLKOS3 signal is used to enable and disable the CLKOS3 output from a user signal. This enables designers to save
power by stopping the CLKOS3 output when it is not used. Additionally, this signal allows the designer to synchronize
CLKOS3 with another signal in the design. The ENCLKOS3 signal is optional and is only available when the PLL is
configured with the CLKOS3 output and the Clock Enable ports options in IPexpress. If the ENCLKOS3 signal is not
requested, the CLKOS3 output is always active unless the PLL is placed into the standby mode. The ENCLKOS3 signal is
active high.

10.3.11. STDBY Input

The STDBY signal is used to put the PLL into a low power standby mode when it is not required. The STDBY port can be
connected to the power controller so that the PLL enters the low power state when device is driven to the Standby
mode. Alternatively, the STDBY port can be driven by user logic independent of the standby mode. The STDBY signal is
optional and is only available if you selected the Standby ports option in IPexpress. The STDBY signal is active high.

10.3.12. PHASESEL Input

The PHASESEL[1:0] input is used to specify which PLL output port is affected by the dynamic phase adjustment ports.
The settings available are shown in the Dynamic Phase Adjustment section of this document. The PHASESEL signal must
be stable before the PHASESTEP signal is toggled. The PHASESEL signal is optional and is only available if you selected
the Dynamic Phase ports option in IPexpress.

10.3.13. PHASEDIR Input

The PHASEDIR input is used to specify which direction the dynamic phase shift occurs, advanced (leading) or delayed
(lagging). When PHASEDIR = 0 then the phase shift is delayed from the current clock by one step. When

PHASEDIR = 1, then the phase shift is advanced from the current clock by one step. The PHASEDIR signal must be stable
before the PHASESTEP signal is toggled. The PHASEDIR signal is optional and is only available if you selected the
Dynamic Phase ports option in IPexpress.

10.3.14. PHASESTEP Input

The PHASESTEP signal is used to initiate the dynamic phase adjustment for the clock output port and in the direction
specified by the PHASESEL and PHASEDIR inputs respectively. The PHASESTEP signal is optional and is only available if
you selected the Dynamic Phase ports option in IPexpress.

10.3.15. CLKOP Output

CLKOP is the main clock output of the sysCLOCK PLL. This signal is always available by default and can be routed to the
primary clock network of the chip. The CLKOP output can also be routed to top/bottom edge clocks. The CLKOP output
can be phase-shifted either statically or dynamically and can also be used with the duty trim adjustment feature. The
CLKOP signal output can either come from the CLKOP output divider or can bypass the PLL. When CLKOP is in the
bypass mode the output divider can either be bypassed or used in the circuit.
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10.3.16. CLKOS Output

The secondary clock output of the sysCLOCK PLL is the CLKOS signal. This signal is available when selected by the user
and can be routed to the primary clock network of the device. The CLKOS output can also be routed to top and bottom
edge clocks. The CLKOS output can be phase-shifted either statically or dynamically and can also be used with the duty
trim adjustment feature. The CLKOS signal output can either come from the CLKOS output divider or can bypass the
PLL. When CLKOS is in the bypass mode the output divider can either be bypassed or used in the circuit. The CLKOS
signal is optional.

10.3.17. CLKOS2 Output

The CLKOS2 signal is another secondary clock output that is available in the sysCLOCK PLL. This signal is available when
selected by the user and can be routed to the primary clock network of the chip. The CLKOS2 output cannot be routed
to top and bottom edge clocks. The CLKOS2 output can be phase-shifted either statically or dynamically but does not
have the duty trim adjustment feature. The CLKOS2 signal output can either come from the CLKOS2 output divider or
can bypass the PLL. When CLKOS?2 is in the bypass mode the output divider can either be bypassed or used in the
circuit. The CLKOS2 signal is optional.

10.3.18. CLKOS3 Output

The CLKOS3 signal is another secondary clock output that is available in the sysCLOCK PLL. This signal is available when
selected by the user and can be routed to the primary clock network of the chip. The CLKOS3 output cannot be routed
to top/bottom edge clocks. The CLKOS3 output can be phase-shifted either statically or dynamically but does not have
the duty trim adjustment feature. The CLKOS3 signal output can either come from the CLKOS3 output divider or can
bypass the PLL. When CLKOS3 is in the bypass mode the output divider can either be bypassed or used in the circuit.
The CLKOS3 signal is optional.

The CLKOS3 output also supports lower frequency outputs that require an output divider value larger than 128. This is
accomplished by cascading the CLKOS2 and CLKOS3 output dividers. When used in this application the CLKOS2 output

cannot be used as an independent clock output. A cascaded clock output cannot be used for the feedback signal of the
PLL.

10.3.19. DPHSRC Output

The DPHSRC output is used to indicate whether the dynamic phase ports or the WISHBONE registers are being used for
control of the dynamic phase adjustment feature. The dynamic phase ports are the PHASESEL, PHASEDIR, and
PHASESTEP ports. The DPHSRC signal is optional and is available if you selected the Dynamic Phase ports option in
IPexpress. If you did not select the Dynamic Phase ports option, the WISHBONE registers are used to set the dynamic
phase adjustment feature by default.

10.3.20. LOCK Output

The LOCK output provides information about the status of the PLL. After the device is powered up and the input clock is
valid, the PLL achieves lock within the specified lock time. Once lock is achieved, the PLL LOCK signal is asserted. You
can assert the PLL LOCK output even if the indicated reference clock input does not have the same frequency as
indicated on the IPexpress. The PLL phase detector detects input regularity and does not detect absolute frequency or
duty cycle. However, it is not recommended to assert the PLL LOCK output in this condition because the outputs may
have excessive jitter.

The LOCK can either be in the Normal Lock mode or the Sticky Lock mode. In the Normal Lock mode, the LOCK signal is
asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is detected. In Sticky Lock mode,
once the LOCK signal is asserted it stays asserted until the PLL reset is asserted or until the PLL is powered down. It is
recommended to assert PLL RST to re-synchronize the PLL to the reference clock when the PLL loses lock. The LOCK
signal is available to the FPGA routing to implement the generation of the RST signal if requested by the designer. The
LOCK signal is optional and is available if you select the Provide PLL Lock signal option in IPexpress.
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10.3.21. WISHBONE Ports

The WISHBONE parts are listed in Appendix D. PLL WISHBONE Bus Operation along with the description of how to use
them. The WISHBONE ports are optional.

10.4. PLL Attributes

The PLL utilizes several attributes that allow the configuration of the PLL through source constraints and a preference
file. The following section details these attributes and their usage.

10.4.1. FIN

The input frequency can be any value within the specified frequency range based upon the divider settings.

10.4.2. CLKI_DIV, CLKFB_DIV, CLKOP_DIV, CLKOS_DIV, CLKOS2_DIV, CLKOS3_DIV

These dividers determine the output frequencies of each of the output clocks. You are not allowed to input an invalid
combination when using IPexpress. Valid combinations are determined by the input frequency, the dividers, and the
PLL specifications.

The CLKOP_DIV value is calculated to maximize the FVCO within the specified range based upon the FIN and
CLKOP_FREQ in conjunction with the CLKI_DIV and CLKFB_DIV values. This applies when the CLKOP output is used for
the feedback signal. If another output is used for the feedback signal, then the corresponding output divider shall be
calculated in this manner.

The output signals that are not used for the feedback signal use an output divider value based upon the VCO frequency
and desired output frequency. The possible divider values for all these dividers are 1 to 128, though in some cases the
full range is not allowed since it would violate the PLL specifications.

10.4.3. FREQUENCY_PIN_CLKI, FREQUENCY_PIN_CLKOP, FREQUENCY_PIN_CLKOS,
FREQUENCY_PIN_CLOS2, FREQUENCY_PIN_CLKOS3

These input and output clock frequencies determine the divider values.

10.4.4. Frequency Tolerance — CLKOP, CLKOS, CLKOS2, CLKOS3

When the desired output frequency is not achievable, users may enter the frequency tolerance of the clock output.
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11. MachXO3D PLL Primitive Definition

The PLL primitive can be instantiated in the source code of a design as defined in this section. Figure 11.1 and

Table 11.1 show the EHXPLLJ definitions.

EHXPLL)

CLK| —»
CLKFB —»)
PHASESEL[1:0] —
PHASEDIR —»
PHASESTEP —»|
LOADREG —»|
STDBY —»|
PLLWAKESYNC —>
RST —»

RESETM —»
RESETC —»,
RESETD —»|
ENCLKOP —»,
ENCLKOS —|
ENCLKOS2 —»,
ENCLKOS3 —»,

PLLCLK —»
PLLRST —>,
PLLSTB —>,
PLLWE —>,

PLLDATI[7:0] —»

PLLADDR[4:0] —>,

Figure 11.1. PLL Primitive Symbol

Table 11.1. PLL Primitive Port Definition

CLKOP
CLKOS
CLKOS2
CLKOS3
LOCK
INTLOCK
REFCLK
DPHSRC
CLKINTFB

PLLDATO[7:0]
PLLACK

Port Name 1/0 Description

CLKI | Input clock to PLL

CLKFB | Feedback clock

PHASESEL[1:0] | Select which output is affected by Dynamic Phase adjustment ports

PHASEDIR | Dynamic Phase adjustment direction.

PHASESTEP | Dynamic Phase step — toggle shifts VCO phase adjust by one step

LOADREG | Dynamic Phase Load — toggle loads divider phase adjustment values into PLL

CLKOP 0 Primary PLL output clock (with phase shift adjustment)

CLKOS 0 Secondary PLL output clock (with phase shift adjust)

CLKOS2 0 Secondary PLL output clock2 (with phase shift adjust)

CLKOS3 0 Secondary PLL output clock3 (with phase shift adjust)

LOCK 0 PLL LOCK, asynchronous signal. Active high indicates PLL is locked to input and
feedback signals.

INTLOCK 0 PLL internal LOCK, asynchronous signal. Active high indicates PLL lock using
internal feedback.*

REFCLK 0 Output of reference clock mux

DPHSRC o Dynamic phase source — ports or WISHBONE is active

STDBY | Standby signal to power down the PLL

PLLWAKESYNC | PLL wake-up sync. Enable PLL to switch from internal to user feedback path
when the PLL wakes up.*

RST | PLL Reset without resetting the M-divider. Active high reset.
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Port Name 1/0 Description

RESETM | PLL Reset - includes resetting the M-divider. Active high reset.

RESETC | Reset for CLKOS2 output divider only. Active high reset.

RESETD | Reset for CLKOS3 output divider only. Active high reset.

ENCLKOP | Clock Enable for CLKOP output

ENCLKOS | Clock Enable for CLKOS output — only available if CLKOS port is active
ENCLKOS2 | Clock Enable for CLKOS2 output — only available if CLKOS2 port is active
ENCLKOS3 | Clock Enable for CLKOS3 output — only available if CLKOS3 port is active
PLLCLK | PLL data bus clock input signal

PLLRST | PLL data bus reset. This resets only the data bus not any register values.
PLLSTB | PLL data bus strobe signal

PLLWE | PLL data bus write enable signal

PLLADDR [4:0] | PLL data bus address

PLLDATI [7:0] | PLL data bus data input

PLLDATO [7:0] 0 PLL data bus data output

PLLACK 0 PLL data bus acknowledge signal

*Note: The PLLWAKWSYNC and INTLOCK primitive ports are not brought out to the module level when IPexpress is used to generate

the PLL. The ports are tied off in the module. Test indicates that using these ports does not have a significant benefit.
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12. Dynamic Phase Adjustment

The MachX03D PLL supports dynamic phase adjustments through either the dynamic phase adjust ports or the
WISHBONE interface using the following method. The WISHBONE interface is covered in more detail in Appendix D. PLL
WISHBONE Bus Operation.

To use the dynamic phase adjustment feature, the PHASESEL[1:0], PHASEDIR, and PHASESTEP ports/signals are used.
The DPHSRC port is also available and can be used to confirm that the correct signal source, the primitive ports, or
WISHBONE signals, is selected prior to implementing the phase adjustment. The default setting when the dynamic
phase ports are selected is to use the primitive ports for dynamic phase adjustments. The source for the dynamic phase
adjustments can also be changed from the WISHBONE interface if desired using the MC1_DYN_SOURCE WISHBONE
register. If you do not select the dynamic phase ports from the interface, then the WISHBONE signals are used for
dynamic phase adjustments.

All four output clocks, CLKOP, CLKOS, CLKOS2, and CLKOS3, have the dynamic phase adjustment feature but only one
output clock can be adjusted at a time. Table 12.1 shows the output clock selection settings available using the
PHASESEL[1:0] signal. The PHASESEL signal must be stable before the PHASESTEP signal is toggled.

Table 12.1. PHASESEL Signal Settings Definitions

PHASESEL[1:0] PLL Output Shifted
00 CLKOS

01 CLKOS2

10 CLKOS3

11 CLKOP

The selected output clock phase is either advanced or delayed depending upon the value of the PHASEDIR port or
signal. Table 12.2 shows the PHASEDIR settings available. The PHASEDIR signal must be stable before the PHASESTEP
signal is toggled.

Table 12.2. PHASEDIR Signal Settings Definitions

PHASEDIR Direction
0 Delayed (lagging)
1 Advanced (leading)

Once the PHASESEL and PHASEDIR are set, the phase adjustment is made by toggling the PHASESTEP signal. Each pulse
of the PHASESTEP signal generates a phase shift of one step. The PHASESTEP signal pulse must be initiated from a logic
zero value and the phase shift is initiated on the negative edge of the PHASESTEP signal. The step size is specified in the
equation below.

Step size = 45° / Output Divider

If the phase shift desired is larger than one step, the PHASESTEP signal can be pulsed several times to generate the
desired phase shift. One step size is the smallest phase shift that can be generated by the PLL. The dynamic phase
adjustment results in a glitch-free adjustment when delaying the output clock but glitches may result when advancing
the output clock.

The timing diagram shown in Figure 12.1 describes the setup and hold timing requirements for PHASESEL[1:0] and
PHASEDIR with respect to PHASESTEP, when dynamically changing the phase controls signals.
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Figure 12.1. GPLL VCO Phase Rotation Timing Diagram
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13. Frequency Calculation

The PLL can be used to synthesize a clock frequency that is needed in a design when the user board does not have the
necessary frequency source. The synthesized frequency can be calculated using the equations listed below.

four = fiv * N/M (1)
fyco = four * V (2)

fpep = fin / M = fg / N (3)
Where:

four is the output frequency.

fin is the input frequency.

fVCO is the VCO frequency.

ferp is the PFD (Phase detector) Frequency.

fr is the Feedback signal Frequency.

N is the feedback divider (integer value shown in the IPexpress user interface).
M is the input divider (integer value shown in the IPexpress user interface).

V is the output divider (integer value shown in the IPexpress user interface).

These equations hold true for the clock output signal that is used for the feedback source to the PLL. Once the VCO
frequency has been calculated from these equations, it can be used to calculate the remaining output clock signals
using equation (2) above.

The equations listed above are valid provided that the divider value used for the output and feedback paths are
equivalent. If they are not, then the equation (1) becomes more complex because the two dividers must be included.
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14. Fractional-N Synthesis Operation

The MachX03D sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency synthesis
allows you to generate an output clock which is a non-integer multiple of the input frequency. The Fractional-N
synthesis option is enabled in the IPexpress interface by checking the Enable box under the Fractional-N Divider
heading and then entering a number between 0 and 65535 into the adjacent box. The value which is entered into the
box is divided by 65536 to form the fractional part of the feedback divider (also called the N divider) value. The
effective feedback divider value is given by the equation:

Neff = N + (F/65536) (4)

Where:

N is the integer Feedback divider (shown in the IPexpress user interface).

F is the value entered into the Fractional-N synthesis box described above.

The output frequency is given by the equation:

four = (fin/M) * Neff (5)

Where:

four is the output frequency.

fin is the input frequency.

M is the input divider (shown in the IPexpress user interface).

The Fractional-N synthesis works by using a delta-sigma technique to approximate the fractional value that you
entered. Therefore, using the Fractional-N synthesis option results in higher jitter of the PLL VCO and output clocks
compared to using an integer value for the feedback divider. It is recommended that Fractional-N synthesis only be
used if the N/M divider ratio is 4 or larger to prevent impacting the PLL jitter performance excessively. Fractional N
jitter numbers are found in the sysCLOCK PLL Timing section of the MachX03D Family Data Sheet (FPGA-DS-02026).
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15. Low Power Features

The MachX03D PLL contains several features that enable designers to minimize the power consumption of a design.
These include dynamic clock enable and support for the standby mode.

15.1. Dynamic Clock Enable

The dynamic clock enable feature allows designers to turn off selected output clocks during periods when they are not
used in the design. To support this feature, each output clock has an independent output enable signal that can be
selected. The output enable signals are ENCLKOP, ENCLKOS, ENCLKOS2, and ENCLKOS3. When the Clock Enable Ports
option is selected in the IPexpress interface, the output enable signal is brought out to the top-level ports of the PLL
module for the CLKOP port and any other ports that are enabled in the IPexpress interface.

If an output is not enabled in the IPexpress interface, the ports for that selected output signal are not present in the
module and that output is inactive.

15.2. Standby Mode

In order to minimize power consumption, the PLL can be shut down when it is not required by the application. The PLL
can then be restarted when it is needed again and, after a short delay to allow the PLL to lock to the feedback signal,
the output clocks is reactivated. To support this mode the Standby Ports option is selected in the IPexpress interface.
This causes the STDBY signal to be brought out to the top level of the PLL module. Placing the PLL into the Standby
mode powers down the PLL and causes all the outputs to be disabled.

The PLL enters the Standby mode when the STDBY signal is driven high and the outputs are driven low. The STDBY port
can be connected to the power controller so that the PLL enters the low power state when device is driven to the
Standby mode. Alternatively, the STDBY port can be driven by user logic independent of the Standby mode.

The PLL wakes up from the Standby mode when the STDBY signal is driven low. When waking up from Standby mode,
the PLL automatically locks to the external feedback signal that is originally selected prior to entering Standby mode.
The PLL locks to the external feedback signal after a maximum time delay of tLOCK. When the PLL achieves lock to the
external feedback signal, the LOCK signal is asserted high to indicate that it is locked.
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16. Configuring the PLL Using IPexpress

IPexpress is used to create and configure a PLL. Designers can select the parameters for the PLL using the graphical user
interface. This process results in an HDL model that is used in the simulation and synthesis flow.

Figure 16.1 shows the main window when the PLL is selected in Lattice Diamond®. For an example of the equivalent
screen in Diamond, see Figure E.1 in Appendix E. MachXO3D Device Usage with Lattice Diamond Design Software.

If IPexpress is opened as a stand-alone tool, then it is necessary to supply the additional parameters shown on this
screen. After entering the module name of choice, clicking on the Customize button opens the Configuration tab
window as shown in Figure 16.2

File Settings Help

“ % '?J 2 2';! All Device Family -
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4 3 Module
4 & Architecture_Modules FEETEE Module Version: 5,8
4 FH o Module Mame:  FLL
{nt DDR
@; DDR_GEMERIC Project Path: F:\temp\testitest_pll_xo3d
Int DDR_MEM File Name: pli_test
& pas :
@: GDDR_7:1 Module Qutput: [Uerllog v]
@: SDR Device Family: [MachXOSD v]
o D!'L. 1 PartMame:  [LCMXO3D-9400HC-SBG484C |
{nt Digital CDR =
it Dynamic Bank Contraller Synthesis: [SY”PHFYPI'O v]
{nt EFE
it ORCAstra
£ o
ot pLL
E Power Controller
@ Power Guard
E Systern_Bus
E Tag Memaory
> [0 Arithmetic_Modules
> (2] DSP_Modules W
> a Memery_Modules i
P T — 3 8y Configuration | =¥ About |

Regenerate Medule/IP

Figure 16.1. IPexpress Main Window for PLL Module

16.1. Configuration Tab
The Configuration tab lists all user-accessible attributes with default values set. Upon completion, clicking on the

Generate button generates the source.

16.2. Configuration Modes

There are two modes that can be used to configure the PLL in the Configuration Tab: Frequency Mode and Divider
Mode.

16.2.1. Frequency Mode

In this mode, you enter the input and output clock frequencies and IPexpress calculates the divider settings. After input
and output frequencies are entered, clicking the Calculate button displays the divider values and actual frequencies.
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If the output frequency entered is not achievable, the nearest frequency is displayed in the Actual text box and an error

message is displayed. You can also enter a tolerance value in percent. When the Calculate button is pressed, the

calculation is considered accurate if the result is in the entered tolerance range.

If an entered value is out of range, it is displayed in red and an error message is displayed after the Calculate button is

used.

16.2.2. Divider Mode:

In this mode, you set the input frequency and the divider settings. Choose the CLKOP divider value to maximize the
frequency of the VCO within the acceptable range as specified in MachXO3D Family Data Sheet (FPGA-DS-02026).

If the combination of entered values results in an invalid PLL configuration, you are prompted by a text box to change

the value with a suggestion for the value that is out of range.
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Figure 16.2. MachXO3D PLL Configuration Tab
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Table 16.1. User Parameters in the IPexpress Interface
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User Parameter Description Range Default
Frequency Mode :Jrzzruz:tce;rs desired CLKI and CLKOP ON/OFF ON
Divider Mode :if/?;:r”:;r;:gej'red CLKIfrequencyand | o\ /opr OFF
CLKI Frequency 7 to 400 MHz 100 MHz
Divider 1to 40 1
Feedback mode INT. 052, INT 053, smrclogk | cuop
CLKFB Fractional-N divider enable ON/OFF OFF
Fractional-N divider 0to 65535 0
Dynamic phase ports ON/OFF OFF
Output Port Clock enable ports ON/OFF OFF
Selections Standby ports ON/OFF OFF
Enable Clock Select ON/OFF OFF
Provide PLL reset ON/OFF OFF
. Provide PLLM reset ON/OFF OFF
PLL Reset Options
Provide CLKOS2 reset ON/OFF OFF
Provide CLKOS3 reset ON/OFF OFF
. Provide PLL LOCK signal ON/OFF OFF
Lock Settings - -
PLL LOCK is “sticky” ON/OFF OFF
WISHBONE Bus Provide WISHBONE ports ON/OFF OFF
Bypass ON/OFF OFF
Clock Divider (in Bypass mode only) ON/OFF OFF
Desired frequency 3.125 to 400 MHz 100 MHz
Tolerance (%) 0.0,0.1,0.2,0.5,1.0,2.0,5.0, 10.0 0.0
CLKOP Divider 1-128 8
Actual frequency (read only) — —
Static phase shift (degrees) 0°, 45°,90°, 135°, 180°, 225°, 270°, 315° 0°
Rising edge trim ON/OFF OFF
Falling edge trim ON/OFF OFF
Delay multiplier 0,1,2,4 0
Enable ON/OFF OFF
Bypass ON/OFF OFF
Clock divider (in Bypass mode only) ON/OFF OFF
Desired frequency 0.024 — 400 MHz 100 MHz
Tolerance (%) 0.0,0.1,0.2,0.5,1.0,2.0,5.0, 10.0 0.0
CLKOS Divider 1-128 8
Actual frequency (read only) — —
Static phase shift (degrees) 0°, 45°,90°, 135°, 180°, 225°, 270°, 315° 0°
Rising edge trim ON/OFF OFF
Falling edge trim ON/OFF OFF
Delay multiplier 0,124 0
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User Parameter Description Range Default
Enable ON/OFF OFF
Bypass ON/OFF OFF
Clock divider (in Bypass mode only) ON/OFF OFF
CLKOS2 Desired frequency 0.024 to 400 MHz 100 MHz
Tolerance (%) 0.0,0.1,0.2,0.5, 1.0, 2.0,5.0, 10.0 0.0
Divider 1-128 8
Actual frequency (read only) — —
Static phase shift (degrees) 0°, 45°,90°, 135°, 180°, 225°, 270°, 315° 0°
Enable ON/OFF OFF
Bypass ON/OFF OFF
Clock divider (in Bypass mode only) ON/OFF OFF
Desired frequency 0.024 — 400 MHz 100 MHz
CLKOS3
Tolerance (%) 0.0,0.1,0.2,0.5, 1.0, 2.0, 5.0, 10.0 0.0
Divider 1-128 8
Actual frequency (read only) — —
Static phase shift (degrees) 0°, 45°,90°, 135°, 180°, 225°, 270°, 315° 0°

16.3. IPexpress Output

There are two IPexpress output files that are important for use in the design. The first is the <module_name.[v|vhd]
file. This is the user-named module that is generated by IPexpress. This file is meant to be used in both the synthesis
and simulation flows. The second is a template file, <module_name>_tmpl.[v|vhd]. This file contains a sample
instantiation of the module. This file is provided for you to copy/paste the instance and is not intended to be used in
the synthesis or simulation flows directly.

IPexpress sets attributes in the HDL module for the PLL that are specific to the data rate selected. Although these
attributes can be easily changed, they should only be modified by re-running the interface so that the performance of
the PLL is maintained. After the MAP stage in the tool flow, FREQUENCY preferences are included in the preference file
to automatically constrain the clocks produced by the PLL.
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16.4. Use of the Spreadsheet View

Clock preferences can be set in the Pre-MAP Spreadsheet View. Figure 16.3 shows an example screen shot. The
Quadrant and DCS/Pure columns are not applicable to the MachX0O3D device.

File Edit View Design Window Help
a8 ¥ DD e
ﬁ Clock Type Clock Name Selection
M 1 Clock Met ESB_osc
g A —
- Clear Del
me |3 CELSRNet  N_136_i _
¥ 4 CELSRNet  rste Primary
%, |5 CELSRNet  uni_gatain_.. SRR
j9 6 CELSRNet  untwoerc 2. S T P
oo |7 CELSRNet  unt_wowoate.. =
{ Prohibit Both
8 CELSRNet  wbaddre roniot o
“
[
4
%
..
£
Err
=

Port Assignments Pin Assignments | Clock Resource | Route Priority | Cell Mapping | Global Preferences Timing Pri 4|
Architecture: MachX03D Device: LCMXO03D-8400HC Package: CABGA484

Figure 16.3. Spreadsheet View Example
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17. PLL Reference Clock Switch (PLLREFCS)

The MachX03D PLL reference clock can optionally be switched between two different clock sources if desired.

To use this feature, the PLLREFCS primitive must be instantiated in the design. The PLLREFCS can only be used with the
PLL.

When the reference clock is switched, the PLL may lose lock for some period of time. In this case, it can take up to the
tLOCK time specified in MachXO3D Family Data Sheet (FPGA-DS-02026) to re-acquire lock. It is recommended that the
PLL be reset when switching between reference clock signals, which are at different frequencies.

The PLLREFCS primitive can be instantiated in the source code of a design as defined in this section. Figure 17.1 and
Table 17.1 show the PLLREFCS definitions.

PLLREFCS
—— CLKO
— CLK1 PLLCSOUT [——
— SEL

Figure 17.1. PLLREFCS Primitive Symbol

Table 17.1. PLLREFCS Primitive Port Definition

Port Name 1/0 Description
CLKO NO CLKO

CLK1 NO CLK1

SEL NO SEL

—SEL = 0 CLKO input is selected
—SEL =1 CLK1 input is selected

PLLCSOUT NO PLLCSOUT

17.1. PLLREFCS Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component Declaration

component PLLREFCS

port(CLKO: in std_logic;
CLK1: in std_logic;
SEL:in std_logic;
PLLCSOUT: out std_logic);

end component;

PLLREFCS Instantiation

I1: PLLREFCS

port map(CLK@=> CLK®,
CLK1=> CLK1,
SEL => SEL,
PLLCSOUT=>PLLCSOUT);

end component;
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17.2. PLLREFCS Usage with Verilog Source Code

Component Declaration

module PLLREFCS (CLK®, CLK1, SEL, PLLCSOUT);
input CLKO;

input CLK1;

input SEL;

output PLLCSOUT;

endmodule

PLLREFCS Instantiation

PLLREFCS I1(.CLK@ (CLK®),
.CLK1 (CLK1),
.SEL (SEL),
.PLLCSOUT (PLLCSOUT));

© 2021-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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18. Internal Oscillator (OSCJ)

The MachX03D device has an internal oscillator that can be used as a clock source in a design. On the MachX03D
device, the internal oscillator accuracy is +/— 5% (nominal). This oscillator could be used as a clock source for
applications that do not require a higher degree of accuracy in the clock. In addition, it could provide a clock source for
ESB.

The internal oscillator of the MachXO3D remains active to the user logic during transparent configuration. The clock
provided by the internal oscillator to the fabric does not stop nor is it influenced while the oscillator is also being used
internally for background configuration. Although only one internal oscillator is within the MachXO3D device, the user
and configuration clocks are sourced from independent clock dividers and resources.

As one general clock source, the oscillator output “OSC” is routed through a divider to provide a flexible clock
frequency source. The available output frequencies are shown in Table 18.3.

Aside for it, another output port, OSCESB, can be connected to the input clock of ESB and provide one clock source with
the fixed frequency of 66.5 MHz.

18.1. OSCJ Primitive Definition

The OSCJ primitive can be instantiated in the source code of a design as defined in this section. Figure 18.1 and
Table 18.1 through Table 18.3 show the OSCJ definitions.

0sd)

0SC—»
—» STDBY SEDSTDBY —»

OSCESB —»

Figure 18.1. OSCJ Primitive Symbol

Table 18.1. OSCJ Primitive Port Definition

Port Name 1/0 Description

Standby — power down the oscillator in
standby mode

STDBY ! —STDBY =0 OSC output is active
—STDBY =1 OSC output is OFF
0sC (0] Clock output port
SEDSTDBY 0 Standby — power down SED clock*
OSCESB 0 Oscillator clock output connected to input clock of ESB primitive. The

frequency is fixed at 66.5MHz

*Note: This output is used to notify the SED block that the oscillator shuts down when the device goes into standby.
Only required for simulation purposes.

Table 18.2. OSCJ Primitive Attribute Definition

Name Description Value Default

2.08, 2.15, 2.22, ... 66.5, 88.67, 133.0

. 2.08 MHz
(See Table 18.3 for a complete listing)

Nominal Frequency (MHz) | NOM_FREQ
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2.08 4.16 831 16.63
2.15 4.29 8.58 17.73
2.22 4.43 8.87 19.00
2.29 4.59 9.17 20.46
2.38 4.75 9.50 22.17
2.46 4.93 9.85 24.18
2.56 5.12 10.23 26.60
2.66 5.32 10.64 29.56
2.77 5.54 11.08 33.25
2.89 5.78 11.57 38.00
3.02 6.05 12.09 44.33
3.17 6.33 12.67 53.20
3.33 6.65 13.30 66.50
3.50 7.00 14.00 88.67
3.69 7.39 14.78 133.00
3.91 7.82 15.65

The NOM_FREQ attribute setting must match the value in the table or the software issues a warning message and

ignore the attribute value.

The STDBY port can be used to power down the oscillator when it is not being used. This port can be connected to a
user signal or an I/0O pin. You must insure that the oscillator is not turned off when it is needed for operations such as
WISHBONE bus operations, SPI or 12C configuration, SPI or I12C user mode operations, background Flash/NVCM updates

or SED.

18.2. OSCJ Declaration in VHDL Source Code

Library Instantiation
library machxo3d;
use machxo3d.all;

Component and Attribute Declaration

COMPONENT 0SC3J
-- synthesis translate_off

GENERIC (NOM_FREQ: string :

-- synthesis translate_on

PORT (STDBY: IN std_logic;
0SC: OUT std_logic;

"2.56");

SEDSTDBY: OUT std_logic;
OSCESB : OUT std_logic);

END COMPONENT ;

attribute NOM_FREQ : string;
attribute NOM_FREQ of 0SCinst@ :

0SCJ Instantiation
OSCInst@: 0SCJ
-- synthesis translate_off

GENERIC MAP( NOM_FREQ => "2.56" )

-- synthesis translate_on
PORT MAP (STDBY=> stdby,
0SC => osc_int,

SEDSTDBY => stdby_sed,
OSCESB => osc_esb

label is "2.56";
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18.3. OSCJ Instantiation in Verilog Source Code

// Internal Oscillator

// defparam 0SCJ_inst.NOM_FREQ = "2.08";// This is the default frequency
defparam 0SCJ_inst.NOM_FREQ = "24.18";

0SCJ 0SCJ_inst( .STDBY(1'b@), // ©=Enabled, 1=Disabled

// also Disabled with Bandgap=OFF

.0SC(osc_clk),

.SEDSTDBY(), // this signal is not required if not using SED
.OSCESB());
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Appendix A. Primary Clock Sources and Distribution

Global Primary Clocks (Top VIQ)
CLKO CLKI CLK2 CLK3 CLK4 CLKS CLK6 CLK7
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o Routing =
DCMA DCMA
) y L 4
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CLKOP  ——P| 4— CLKOP
*PLLL CLKOS ——P| 4— CLKOS .
CLkOS2 ——p 4«—— cLKos2 PLL2
CLKOS3 ——p €—— CLKOS3
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BCDI VX ——| 4—BCDI VX
PCLKT3_1
PCLKT3_0
;27:1; 27:1, ;27:1; 27:1 §Z7:1; 27:1, ;27:1; ;27:1; ;27:1; §Z7:1;
3 v v VvYy 3
DCMA DCMA
- General General o
o Routing Routing o
=1 =t
o (&)
a a
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CLKO  CLK1 CLK2  CLK3 CLK4 CLKS CLK6 CLK7

Global Primary Clock (Bottom VIQ)
Figure A.1. MachX03D Primary Clock Sources and Distribution

Note: MachXO3D devices have eight global primary clocks. Each primary clock is driven out the top and bottom of the
Primary Clock Center Switch Box. The top and bottom drivers must use the same clock source for each primary clock.

GND GND
t N AN
8 PLL outputs —4——» 8 PLL outputs —~——»
8 CLKDIV outputs ~ —~A———p E L » clo-s 8 CLKDIV outputs ~ —~A——— o > g K6 - 7
8 PCLK pins —A 8 PCLK pins " "3
2 from General 7;; 2 fro_m General 7;’
Routing Routing

/ /

Figure A.2. MachX03D Primary Clock Muxes
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Appendix B. Edge Clock Sources and Connectivity
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Figure B.1. MachXO3D Edge Clock Sources and Connectivity

Note:

The edge clock muxes ECLKO MUX and ECLK1 MUX are routing resources available to the software. There is no dynamic
switching between inputs on these muxes. To dynamically switch between edge clock drivers, the ECLKBRIDGECS
element must be instantiated in the design.
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TO TO
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Figure B.2. MachXO3D Edge Clock Bridge Sources and Connectivity

Notes:

1. The edge clock bridge allows a single clock signal to drive both the top and bottom edge clock with minimal skew. It
can also be used where switching between the clock sources is desired.

2. To use the edge clock bridge the ECLKBRIDGECS primitive must be instantiated in the design. There are two
ECLKBRIDGECS resources available in devices that have an edge clock bridge.
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Appendix C. Clock Preferences

A few key clock preferences are introduced below. Refer to the ‘Help’ file for other preferences and detailed
information.

FREQUENCY

The following physical preference assigns a frequency of 100 MHz to a net named clk1:
FREQUENCY NET "clk1l" 100 MHz;

The following preference specifies a hold margin value for each clock domain:
FREQUENCY NET "RX_CLKA CMOS_c" 100.000 MHz HOLD_MARGIN 1 ns;

MAXSKEW

The following preference assigns a maximum skew of 5 ns to a net named NetB:
MAXSKEW NET "NetB" 5 NS;

MULTICYCLE

The following command multicycles from R_REG1 to R_REG3:
MULTICYCLE FROM CELL “R_REG1” TO CELL “R_REG3” 2 X ;

PERIOD

The following preference assigns a clock period of 30 ns to the port named Clk1:
PERIOD PORT "Clk1" 30 NS;

PROHIBIT

The following preference prohibits the use of a primary clock to route a clock net named bf clk:
PROHIBIT PRIMARY NET "bf clk";

The following preference prohibits the use of a secondary high fan-out net to route a clock net named bf_clk:
PROHIBIT SECONDARY NET "bf clk";

PROHIBIT_BOTH

When this setting is selected it causes Design Planner to generate both the PROHIBIT PRIMARY NET net_name and
PROHIBIT SECONDARY NET net_name.

USE PRIMARY

Use a primary clock resource to route the specified net:
USE PRIMARY NET clk_fast;
USE PRIMARY DCCA NET "bf_clk";
USE PRIMARY PURE NET "bf_clk" QUADRANT_TL;

USE SECONDARY

Use a secondary high fan-out net resource to route the specified net:
USE SECONDARY NET "clk_lessfast"™ QUADRANT_TL;

USE EDGE
Use an edge clock resource to route the specified net. The net must be eligible for routing using the edge clock

resources.
USE EDGE NET "clk_fast";

EDGE2EDGE

Use the ECLK bridge resource to route the specified net. The net must be eligible for routing using the edge clock
resources.
USE EDGE2EDGE NET "clk_fast";

CLOCK_TO_OuT
This preference specifies a maximum allowable output delay relative to a clock.

Here are two preferences using both the CLKPORT and CLKNET keywords showing the corresponding scope of TRACE
reporting.

The CLKNET stops tracing the path before the PLL, so you do not get PLL compensation timing numbers.
CLOCK_TO_OUT PORT "RxAddr 0" 6.000000 ns CLKNET "pll_rxclk" ;
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The above preference yields the following clock path:
Clock path pll_inst/pll_utp_© _© to PFU_33:

NameFanoutDelay (ns)Site Resource

ROUTE 49 2.892ULPPLL.MCLK toR3C14.CLKO pll rxclk

2.892 (0.0% logic, 100.0% route), © logic levels.

If CLKPORT is used, the trace is complete back to the clock port resource and provides PLL compensation timing
numbers.

CLOCK_TO_OUT PORT "RxAddr_0" 6.000000 ns CLKPORT "RxClk" ;
The above preference yields the following clock path:

Clock path RxClk to PFU_33:
NameFanoutDelay (ns)Site Resource
IN DEL--- 1.431 D5.PAD toD5.INCK RxClk
ROUTE 1 0.843 D5.INCK toULPPLL.CLKIN RxClk c
MCLK_DEL--- 3.605 ULPPLL.CLKIN to ULPPLL.MCLK

pll inst/pll utp © ©

ROUTE492.892 ULPPLL.MCLK toR3C14.CLK® pll rxclk

8.771 (57.4% logic, 42.6% route), 2 logic levels.
INPUT_SETUP

This preference specifies a setup time requirement for input ports relative to a clock net.
INPUT_SETUP PORT "datain" 2.000000 ns HOLD 1.000000 ns CLKPORT "clk"
PLL_PHASE_BACK ;

PLL_PHASE_BACK
This preference is used with INPUT_SETUP when a user needs a trace calculation based on the previous clock edge.

This preference is useful when setting the PLL output phase adjustment. Since there is no negative phase adjustment
provided, the PLL_PHASE_BACK preference works as if negative phase adjustment is available.

For example:

If phase adjustment of -90° of CLKOS is desired, a user can set the phase to 270° and set the INPUT_SETUP preference
with PLL_PHASE_BACK.

PLL_PHASE_BACK Usage in Spreadsheet View

The Pre-Map Preference Editor can be used to set the PLL_PHASE_BACK attribute. To set the PLL_PHASE_BACK
attribute:

1. Open the tool in Spreadsheet View.
2. Inthe Spreadsheet View window, select the Timing Preferences tab.

The INPUT_SETUP/CLOCK_TO_OUT preference in Timing Preferences window with the PLL phase back feature is shown
in Figure C.1.
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Figure C.1. Timing Preferences/INPUT_SETUP, CLOCK_TO_OUT Preference Window
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Appendix D. PLL WISHBONE Bus Operation

The MachXO3D PLL operating parameters can be changed dynamically via the Embedded Function Block’s (EFB’s)
WISHBONE bus. You must instantiate the EFB block in their design to use this feature. The user logic’s WISHBONE bus is
then connected to the EFB block. A hard-wired PLL Data Bus is used to communicate between the EFB and the PLL. See
Using Hardened Control Functions in MachXO3D Devices (FPGA-TN-02091) for more information about the using the
EFB block in a design.

The PLL Data Bus on the PLL module provides support for functional simulation of this operation. You must connect the
PLL Data Bus to the EFB in their HDL design in order for simulation to work properly. The PLL Data Bus ports and the
corresponding EFB PLL Bus port connections are listed in Table D.1.

Table D.1. PLL Data Bus Port Definitions

PLL Port Name 1/0 Description EFB Port Name
PLLCLK | PLL data bus clock input signal pll_bus_o[16]
PLLRST | PLL data bus reset. This resets only the data bus, not any register values. pll_bus_o[15]
PLLSTB | PLL data bus strobe signal. pll_bus_o[14]
PLLWE | PLL data bus write enable signal pll_bus_o[13]
PLLADDR [4:0] | PLL data bus address pll_bus_o[12:8]
PLLDATI [7:0] | PLL data bus data input pll_bus_o[7:0]
PLLDATO [7:0] 0] PLL data bus data output pll_bus_i[8:1]
PLLACK 0] PLL data bus acknowledge signal pll_bus_i[0]

D.1. PLL Architecture

The MachX03D PLL has four output sections with flexible configuration settings to support a variety of different
applications. IPexpress is able to support most of the common PLL configurations, but for those users with more
complex needs the WISHBONE bus can be used to change the PLL configuration, which allows for more advanced
support options.

Each of the four PLL output sections have similar configuration options. Each output section is assigned a letter
designator; A for the CLKOP output, B for the CLKOS output, C for the CLKOS2 output, and D for the CLKOS3 output
section. Within each of the four output sections, there are three signal selection muxes, which are used to control the
PLL configuration. A diagram of the A output section is shown in Figure D.1. The B output section is the same as the A
section except the muxes are labeled B0, B1, and B2. The C and D sections are similar with muxes labeled CO, C1, C2,
DO, D1, and D2. The C and D sections have the Phase Adjust block but not the Edge Trim feature.

Note:

Al Mux does not exist in the CLKOP path, but is shown to illustrate the corresponding B1, C1 and D1 Mux location. See
Figure 10.1.
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Figure D.1. PLL CLKOP Output Section

The EFB WISHBONE register map for the PLL registers is shown in Table D.2 (add 0x20 for the corresponding locations
to access an optional second MachXO3D PLL).

Table D.2. EFB WISHBONE Locations for PLL Registers

Reg. Bit 7 Bit 6 | Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
0 MC1_DIVFBK_FRAC[7:0]
1 MC1_DIVFBK_FRAC[15:8]
2 MC1_LOADREG |MC1_DELA[6:0]
3 MC1_PLLPDN  |MC1_DELB[6:0]
4 MC1_WBRESET |MC1_DELC[6:0]
5 MC1_USE_DES| |MC1_DELD[6:0]
6 MC1_REFIN_RES MC1_DIVA[6:0]
ET
7 'X'CLPLLRST—EN MC1_DIVB[6:0]
MC1_MRST_ENA|MC1_DIVC[6:0]
MC1_STDBY MC1_DIVD[6:0]
MC1_ENABLE_SY ' MC1_INT_LOCK_ '
A INe MC1_PHIB[2:0] STICKY MC1_PHIA[2:0]
B XAQ—DCRST—EN MC1_PHID[2:0] MC1_RESERVED2|MC1_PHIC[2:0]
C AMC1-DDRST-EN MC1_SEL_OUTB[2:0] MC1_INTFB MC1_SEL_OUTA[2:0]
D  |MC1_LOCK[1:0] MC1_SEL_OUTC[2:0] MC1_SEL_OUTD[2:0]
E MC1_SEL_DIVA[1:0] MC1_SEL_DIVB[1:0] MC1_SEL_DIVC[1:0] | MC1_SEL_DIVD[1:0]
F MC1_CLKOP_TRIM[3:0] MC1_CLKOS_TRIM[3:0]
10 EAECI—DYN—SOUR MC1_LOCK_SEL[2:0] MC1_ENABLE_CLK[3:0]
MC1_TRIMOS3_ | MC1_TRIMOS2_BYP MC1_TRIMOS_BYP| MC1_TRIMOP_BYP . MC1_
11 e g ASS.N ASS. N ASS. N MC1_DYN_SEL[1:0] MC1_DIRECTION| o~
12 mgl—LF—RESGR MC1_SEL_REF1[2:0] MC1_EN_UP MC1_SEL_REF2[2:0]
13 |MC1_DIVFBK_ORDER[1:0] | MC1_CLKMUX_FB[1:0] MC1_SEL_FBK[3:0]
14 TMC1—GMC—RESE MC1_DIVREF[6:0]
MC1_FORCE_VFI .
15 | Ter MC1_DIVFBK[6:0]
MC1_FLOAT
16  |MC1_LF_PRESET |MC1_LF_RESET MC1_TEST_ICP yAC,\;EEN—F'LTER—O i - |MC1_GPROG[2:0]
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Reg. Bit 7 Bit6 |  Bit5 Bit 4 Bit 3 Bit2 | Bitl | Bit0
17 |MC1_KPROG[2:0] MC1_IPROG[4:0]
18 chGMC—PRES MC1_RPROGI[6:0]
19 MC1_GMCREF_SEL[1:0] | MC1_MFGOUT2_SEL[2:0] MC1_MFGOUT1_SEL[2:0]
MC1_VC
MC1_VCO MC1_VCO_BYPA|MC1_VCO_BYPA|O
1A MC1_GMCSEL[3:0 e - - .
- [3:01 BYPASS_DO SS_Co SS_BO BYPASS
A0
1B MC1_RESERVED[4:0] MC1_EN_PHI MC1_DPROG[1:0]
LOCK_S
1C RESERVED TS

Note: Registers 0 through 11 are user accessible registers. The remaining registers are reserved for Lattice use or read-only access.
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Table D.3. PLL Register Descriptions

Register Name

Register
Addr
(Hex)

Size
(Bits)

Description

Default
Value

User
Access

interface
Access

MC1_DIVFBK_FRAC[15:0]

0[7:0]
1[7:0]

16

Fractional-N divider value. Fractional-N
divider is equal to this value / 65536.

Yes

Yes

MC1_LOADREG

2[7]

Only valid if MC1_DYN_PHASE=0. Command
to start a divider output phase shift on
negative edge of MC1_LOADREG bit. The
divider output phase shift for CLKOP occurs if
the MC1_DIVA and MC1_DELA values are not
the same. A CLKOS divider output phase shift
occurs if the MC1_DIVB and MC1_DELB
values are not the same. A CLKOS2 divider
output phase shift occurs if the MC1_DIVC
and MC1_DELC values are not the same. A
CLKOS3 divider output phase shift occurs if
the MC1_DIVD and MC1_DELD values are not
the same.

Yes

N/A

MC1_PLLPDN

3[7]

Power down the PLL when not used. Software
automatically sets this to ‘1’ when the PLL is
used in a design and to ‘0’ if the PLL is not
used.

0 = Power down PLL.

1 =PLL powered up.

Yes

Yes
automatic

MC1_WBRESET

4[7]

PLL reset from Wishbone — Equivalent to the
RESETM port operation.

0 = PLL normal operation.

1 =PLL reset active.

Yes

No

MC1_USE_DESI

5[7]

Controls whether the Fractional-N divider is
used.

0 = PLL normal operation.

1 = Use Fractional-N divider.

Yes

Yes

MC1_REFIN_RESET

6[7]

Controls whether the PLL is automatically
reset when the input clock reference is
switched using the PLLREFCS primitive

0 = Do not reset PLL.

1 = Automatically reset PLL if input switches.

Yes

No

MC1_PLLRST_ENA

717]

Enable the PLLRESET port.
0 = PLLRESET port not active.
1 = PLLRESET port is enabled.

Yes

Yes

MC1_STDBY

9[7]

Enable the STDBY port on PLL
0 = STDBY port not active.
1 =STDBY port is enabled.

Yes

Yes

MC1_ENABLE_SYNC

Al7]

Enable synchronous disable/enable of
secondary clocks CLKOS, CLKOS2, CLKOS3
with respect to CLKOP.

0 = Synchronous disable/enable not active.
1 = Synchronous disable/enable is active.

Yes

No

MC1_DCRST_ENA

B[7]

Enable the RESETDC port — CLKOS2 reset.
0 = RESETDC port not active.
1 =RESETDC port is enabled.

Yes

Yes

MC1_DDRST_ENA

C[7]

Enable the RESETDD port — CLKOS3 reset.
0 = RESETDD port not active.
1 = RESETDD port is enabled.

Yes

Yes
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Register . )
) Size e Default User interface
Register Name Addr . Description
(Hex) (Bits) Value | Access Access

CLKOP section Delay value for coarse phase
MC1_DELA[6:0] 2[6:0] 7 adjustments. For zero delay, this value should 7 Yes Yes
be equal to the value of MC1_DIVA[6:0].

CLKOS section Delay value for coarse phase
MC1_DELB[6:0] 3[6:0] 7 adjustments. For zero delay, this value should 7 Yes Yes
be equal to the value of MC1_DIVB[6:0].

CLKOS?2 section Delay value for coarse phase
MC1_DELC[6:0] 4[6:0] 7 adjustments. For zero delay, this value should 7 Yes Yes
be equal to the value of MC1_DIVC[6:0].

CLKOS3 section Delay value for coarse phase
MC1_DELD[6:0] 5[6:0] 7 adjustments. For zero delay, this value should 7 Yes Yes
be equal to the value of MC1_DIVD[6:0].

CLKOP section output divider setting equal to

MC1_DIVA[:0] 6[6:0] / the Divide value - 1.

7 Yes Yes

CLKOS section output divider setting equal to

MC1_DIVBI6:0] 7[6:0] / the Divide value - 1.

7 Yes Yes

CLKOS2 section output divider setting equal

MC1_DIVCI6:0] 8[6:0] / to the Divide value - 1.

7 Yes Yes

CLKOS3 section output divider setting equal

MC1_DIVD[6:0] 9[6:0] / to the Divide value - 1.

7 Yes Yes

Select the VCO phase shift (0-7) for CLKOP.
MC1_PHIA[2:0] A[2:0] 3 Each tap represents 45-degree shift of the 0 Yes Yes
VCO.

Select the VCO phase shift (0-7) for CLKOS.
MC1_PHIB[2:0] A[6:4] 3 Each tap represents 45-degree shift of the 0 Yes Yes
VCO.

Select the VCO phase shift (0-7) for CLKOS2.
MC1_PHIC[2:0] B[2:0] 3 Each tap represents 45-degree shift of the 0 Yes Yes
VCO.

Select the VCO phase shift (0-7) for CLKOS3.
MC1_PHID[2:0] B[6:4] 3 Each tap represents 45-degree shift of the 0 Yes Yes
VCO.

Sets internal lock to be sticky or not. Sticky
lock stays high once lock is achieved until the
PLL is reset or powered down. Internal lock is
not used in the PLL.

0 = Internal lock normal operation.

1 = Internal lock sticky operation.

MC1_INT_LOCK_STICKY Al3] 1 1 Yes | Notused

MC1_RESERVED2 B[3] 1 Not used. N/A N/A N/A

Mux A2 select value for CLKOP output. Can be
used to cascade dividers if desired.

000 = DIVA output to CLKOP.

001 = DIVB output to CLKOP.
MC1_SEL_OUTA[2:0] C[2:0] 3 010 = DIVC output to CLKOP. 000 Yes No
011 = DIVD output to CLKOP.

100 = REFCLK output to CLKOP (same as
bypass mode without using any clock divider).
Other values are for Lattice internal use only.
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Register Name

Register
Addr
(Hex)

Size
(Bits)

Description

Default
Value

User
Access

interface
Access

MC1_SEL_OUTB[2:0]

Cl6:4]

Mux B2 select value for CLKOS output. Can be
used to cascade dividers if desired.

000 = DIVB output to CLKOS.

001 = DIVC output to CLKOS.

010 = DIVD output to CLKOS.

011 = DIVA output to CLKOS.

100 = REFCLK output to CLKOS (same as

bypass mode without using any clock divider).

Other values are for Lattice internal use only.

000

Yes

No

MC1_SEL_OUTC[2:0]

D[5:3]

Mux C2 select value for CLKOS2 output. Can
be used to cascade dividers if desired.

000 = DIVC output to CLKOS2.

001 = DIVD output to CLKOS2.

010 = DIVA output to CLKOS2.

011 = DIVB output to CLKOS2.

100 = REFCLK output to CLKOS2 (same as

bypass mode without using any clock divider).

Other values are for Lattice internal use only.

000

Yes

No

MC1_SEL_OUTD[2:0]

D[2:0]

Mux D2 select value for CLKOS3 output. Can
be used to cascade dividers if desired.

000 = DIVD output to CLKOS3.

001 = DIVA output to CLKOS3.

010 = DIVB output to CLKOS3.

011 = DIVC output to CLKOS3.

100 = REFCLK output to CLKOS3 (same as

bypass mode without using any clock divider).

Other values are for Lattice internal use only.

000

Yes

No

MC1_INTFB

C[3]

Use the PLL internal feedback for initial PLL
lock. Used with INTLOCK and PLLWAKESYNC
ports.

NOT RECOMMENDED to change this.

0 = PLL internal feedback is not used.

1 = Use PLL internal feedback.

Yes

No

MC1_LOCK[1:0]

D[7:6]

Frequency lock-detector resolution or
sensitivity.

00 = +/- 250 ppm

01 = +/- 1000 ppm

10 = +/- 4000 ppm

11 =+/- 16000 ppm

00

Yes

No

MC1_SEL_DIVA[1:0]

E[7:6]

Mux A1l select value for input to DIVA
(CLKOP). Can be used to cascade dividers if
desired.

00 = MUX AO output.

01 = DIVD (CLKOS3) output.

10 = DIVB (CLKOS) output.

11 = DIVC (CLKOS2) output.

00

Yes

No
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Register . )
) Size e Default User interface
Register Name Addr Description

(Hex) (Bits) Value | Access | Access

Mux B1 select value for input to DIVB
(CLKOS). Can be used to cascade dividers if
desired.

MC1_SEL_DIVB[1:0] E[5:4] 2 | 00=MUXBO output. 00 Yes No
01 = DIVA (CLKOP) output.
10 = DIVD (CLKOS3) output.
11 = DIVC (CLKOS2) output.

Mux C1 select value for input to DIVC
(CLKOS2). Can be used to cascade dividers if
desired.

MC1_SEL_DIVC[1:0] E[3:2] 2 00 = MUX CO output. 00 Yes No
01 = DIVA (CLKOP) output.
10 = DIVB (CLKOS) output.
11 = DIVD (CLKOS3) output.

Mux D1 select value for input to DIVD
(CLKOS3). Can be used to cascade dividers if
desired.

MC1_SEL_DIVD[1:0] E[1:0] 2 00 = MUX DO output. 00 Yes No
01 = DIVA (CLKOP) output.
10 = DIVB (CLKOS) output.
11 = DIVC (CLKOS2) output.

CLKOP output trimming control. Bit 3 of
TRIM[3:0] sets the edge to be affected.

TRIM[3] = 0 sets Falling edge trim active.
TRIM[3] = 1 sets Rising edge trim active.
MC1_CLKOP_TRIM[3:0] F[7:4] 4 TRIM[2:0] s 2 one hot signal. 0000 Yes Yes
TRIM[2:0] = 001 sets 70 ps trim.

TRIM[2:0] = 010 sets 140 ps trim.

TRIM[2:0] = 100 sets 280 ps trim.

Mux A1l select value for input to DIVA
(CLKOP). Can be used to cascade dividers if
desired.

MC1_SEL_DIVA[1:0] E[7:6] 2 00 = MUX A0 output. 00 Yes No
01 = DIVD (CLKOS3) output.
10 = DIVB (CLKOS) output.
11 = DIVC (CLKOS2) output.

Mux B1 select value for input to DIVB
(CLKOS). Can be used to cascade dividers if
desired.

MC1_SEL_DIVB[1:0] E[5:4] 2 00 = MUX BO output. 00 Yes No
01 = DIVA (CLKOP) output.
10 = DIVD (CLKOS3) output.
11 = DIVC (CLKOS2) output.

Mux C1 select value for input to DIVC
(CLKOS2). Can be used to cascade dividers if
desired.

MC1_SEL_DIVC[1:0] E[3:2] 2 00 = MUX CO output. 00 Yes No
01 = DIVA (CLKOP) output.
10 = DIVB (CLKOS) output.
11 = DIVD (CLKOS3) output.
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Register Name

Register
Addr
(Hex)

Size
(Bits)

Description

Default
Value

User
Access

interface
Access

MC1_SEL_DIVD[1:0]

E[1:0]

Mux D1 select value for input to DIVD
(CLKOS3). Can be used to cascade dividers if
desired.

00 = MUX DO output.

01 = DIVA (CLKOP) output.

10 = DIVB (CLKOS) output.

11 = DIVC (CLKOS2) output.

00

Yes

No

MC1_CLKOP_TRIM[3:0]

F[7:4]

CLKOP output trimming control. Bit 3 of
TRIM[3:0] sets the edge to be affected.
TRIM[3] = 0 sets Falling edge trim active.
TRIM[3] = 1 sets Rising edge trim active.
TRIM[2:0] is a one hot signal.

TRIM[2:0] = 001 sets 70 ps trim.
TRIM[2:0] = 010 sets 140 ps trim.
TRIM[2:0] = 100 sets 280 ps trim.

0000

Yes

Yes

MC1_CLKOS_TRIM[3:0]

F[3:0]

CLKOS output trimming control. Bit 3 of
TRIM[3:0] sets the edge to be affected.
TRIM[3] = 0 sets Falling edge trim active.
TRIM[3] = 1 sets Rising edge trim active.
TRIM[2:0] is a one hot signal.

TRIM[2:0] = 001 sets 70 ps trim.
TRIM[2:0] = 010 sets 140 ps trim.
TRIM[2:0] = 100 sets 280 ps trim.

0000

Yes

Yes

MC1_ENABLE_CLK[3:0]

10[3:0]

Clock output enable for each PLL output port.
This fuse setting is ORed with the
corresponding Enable port signal to set the
clock output enable control. Software sets
this value automatically based upon the
settings in the user interface.

NOT RECOMMENDED to change this.

xxx1 = Enable CLKOP.

xx1x = Enable CLKOS.

x1xx = Enable CLKOS2.

1xxx = Enable CLKOS3.

0001

Yes

Yes

MC1_LOCK_SEL[2:0]

10[6:4]

Lock-detector operation mode — normal or
sticky. Sticky lock stays high once lock is
achieved until the PLL is reset or powered
down.

000 = PLL Lock normal operation.

001 = PLL Lock sticky operation.

100 = alternate PLL Lock normal operation.
Other values are not supported modes.

000

Yes

Yes

MC1_DYN_SOURCE

10[7]

Specify whether the Wishbone or external
ports control the dynamic phase settings.
0 = Wishbone registers are in control.

1 = External Ports are in control.

Yes

Indirect

MC1_DIRECTION

11[1]

Only valid if MC1_DYN_PHASE=0. Specify
direction of the dynamic phase change for
MC1_ROTATE command.

0 = Phase rotates to a later phase.

1 = Phase rotates to an earlier phase.

Yes

N/A
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Register . )
) Size e Default User interface
Register Name Addr . Description
(Hex) (Bits) Value | Access Access

Only valid if MC1_DYN_PHASE=0. Command
to start a change from current VCO phase to
later/earlier phase. Phase changes on
MC1_ROTATE 11[0] 1 negative edge of MC1_ROTATE bit. Each step 0 Yes N/A
change represents a 45-degree change of
VCO. (MC1_ROTATE is equivalent to the
PHASESTEP signal.)

Only valid if MC1_DYN_PHASE=0. Specifies
which port is being controlled by dynamic
phase controls.

MC1_ DYN_SEL[1:0] 11[3:2] 2 00 = Enable CLKOS 00 Yes N/A
01 = Enable CLKOS2

10 = Enable CLKOS3

11 = Enable CLKOP

Bypass the CLKOP output trim circuit. This
setting selects whether to bypass the trim
MC1_TRIMOP_BYPASS_N 11[4] 1 circuit. 0 Yes Indirect
0 = Bypass the trim circuit.

1 = Do not bypass the trim circuit.

Bypass the CLKOS output trim circuit. This
setting selects whether to bypass the trim
MC1_TRIMOS_BYPASS_N 11[5] 1 circuit. 0 Yes Indirect
0 = Bypass the trim circuit.

1 = Do not bypass the trim circuit.

Bypass the CLKOS2 output trim bits. There is
not a trim control on CLKOS2. There is a
dummy trim circuit used to equalize the
delays between CLKOP, CLKOS, CLKOS2, &
MC1_TRIMOS2_BYPASS_N 11[6] 1 CLKOS3 outputs when trim is active on the 0 Yes Indirect
CLKOP or CLKOS outputs. This setting selects
whether to bypass the trim circuit.

0 = Bypass the trim circuit.

1 = Do not bypass the trim circuit.

Bypass the CLKOS3 output trim bits. There is
not a trim control on CLKOS3. There is a
dummy trim circuit used to equalize the
delays between CLKOP, CLKOS, CLKOS2, &
MC1_TRIMOS3_BYPASS_N 11[7] 1 CLKOS3 outputs when trim is active on the 0 Yes Indirect
CLKOP or CLKOS outputs. This setting selects
whether to bypass the trim circuit.

0 = Bypass the trim circuit.

1 = Do not bypass the trim circuit.
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Appendix E.
Design Software

MachXO3D Device Usage with Lattice Diamond

When using the Lattice Diamond software with the MachXO3D device, there are a few minor differences from the
screen shots shown in Figure 16.1 and Figure 16.3 in this technical note.

When configuring the PLL from Diamond using IPexpress, you must supply a file name and also select the module
output type as VHDL or Verilog. The module output type selection is made using the pull-down selection box.
Figure E.1 shows a Diamond example screen for this usage.

-+ Lattice Diamond - IPexpres:

File Edit View Project Design Process Tools Window Help
PrE-Ha B raydmh GEBIAQAAS
¢EOEHBEE U CEEGAsUNRD8 >

| B =)
MEEEEHBE @

File List & || {3 startPage

‘ BY Pexpress [ |

eports alx
4 [[Y ecdsa_gen L% 29
1l LCMXO3D-9400HC-58G484C 2w 24
a Strategies Name Versio * | py 5.8
b Area 4 %% Module
[ 10 Assistant 4 @ Architecture_Modules o) | MecoTwes:  [Modie Version: 5.3
B quick « 10 Module Name:  PLL
[ Timing & poR 42 L
Strategyl % DDR_GENERIC 50 ProjectPath:  F:\tempitestitest pl_xo3d
4 [EH impi1 % DDR_MEM 60 FieName: ol test
4 | InputFiles &% pas 20 =
Maduie Output: [Vierik -
¥ Jsrc/ecdsa_geny ink GDDR_TA 60 tout: [Veriog J
Synthesis Constraint Files {nt spr 60 Device Family:  Machx03D
@k DLl 35
4 || LPF Constraint Files ot i T
[ ecdsa genlpf 2t Digital CDR 10
Debug Files o} Dynamic Bank Controller 14 Synthesis: SynplifyPro
I Script Files {t ere 12
(| Analysis Files @k ORCAstra 10
Programming Files t pcs 82
fk pLL 58
{nt Power Controller 12 |
Flel.. | Process | Hierarchy—PostMapResourc.. | | ¢ [ n | ’ 8 Configuretion | (¥ About |
Qutput & x

Loading logical design information
Finish loading logical design information
Loading physical design information

Design name:
NCD version:
Vendor:

ecdsa_gen

3.3

LATTICE

Device: LCMKO3D-9400HC

Package: CRBER4E4

Performance: §

Package Status: hdvanced
Performance Hardware Data Status: Version 0.0.
Finish loading physical design information
INFO - Custem column is not availsble : './ecdsa gen.ccl'
Loading logical preference information

Finish loading logical preference filel

Version 10.

Loading design for application from file F:/temp/sentry_demo/ecdsa_20181210/par/impll/ecdsa_gen_impll.ncd.

Warning® | Info® | cutput | TdConsole | Errer |

Print the document that has focus

Mem Usage: 223876 K

L =

Figure E.1. IPexpress Main Window for PLL Module Using Diamond

Once the file name and output type are filled in, clicking on the Customize button opens the Configuration tab window

as shown in Figure 16.2.

When using Diamond to set the Clock preferences as

Primary, Secondary, or Edge clocks, simply open the Spreadsheet

View and select the Clock Resource tab. Then select the appropriate Clock preference from the pull-down menu by
right-clicking in the selection window for the desired clock signal. Figure E.2 shows a Diamond example screen for this

usage.
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-
# Lattice Diamond - Spreadsheet View

[E=SEER—)

Ready

File Edt View Project Design Process Tools Window Help
P -E-Har e R e L e aade:EBdE =)
= o P £
YEOGEBSE S BE Glhazur<B8> BREHEE @
Process 8 x StartPage [ Reports || | 1/ Spreadsheet View [ | BE
4 % Synthesize Design Clock Type Clock Name Selection
%L synplify Pro
QTrans\ateDeswgn n.IS( 1 Clock Net ESB_osc
4 % Map Design -+ ||2] crock et Jemk_c
g = Clear Del
if Map Trace |3 CELSRNet  N_136i
2 Verilog Simulation File iy
7] 2 VHDL Simulation File of ||4 CELSRNet rst.c -
4 % Place & Route Design . 5 CEALSR Net uni_data_in__ ecandary
% Place & Route Trace |6 CELSRNet  uni_wbeyc 2. Prohibit Pmary
-
] & O Timing Analysis |7 censrnet  unt_wowdata, Prohibit Secondary
[0 & Thermal Analysis ki Prohibit Both
4 2 Export Files - 8 CE/LSR Net whaddre
] & 18IS Model @
[[] 2 Verilog Simulation File
[F] & VHDL Simulation File )
% Bitstream File &
[[] & JEDEC File
FleL.. | Process | Hierarchy—PostMap Resourc,. | | v || Port Assignments | Pin ClockResource | RoutePriority | Cell Mapping | Global Timing | Group | MiscPreferen
output 8 x
Resource Usage Report -
Part: lcmxo3d_9400hc-§5 D
Register bita: 39 of 3400 (1%)
RBIC Iarche o ~Z
wiarning* | mfo= | output | TdConsole | Error |
Mem Usage: 243,812 K

Figure E.2. Spreadsheet View for Clock Selection Using Diamond
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Technical Support Assistance

Submit a technical support case via www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
http://www.latticesemi.com/Support/AnswerDatabase.
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