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26.3.24 Fault Disable Mapping Register 1 (SMODISMAP1 - SM3DISMAPL)......cccccoiiimiiiiiiieerecreceeeeen 751
20.3.24. 1 OFFSCL...veiteiiitiieteet ettt ettt b et b bbbt e bttt ettt b et ebe e 751
20.3.24.2 FUNCHOMN. ...ttt ettt et et s bbbttt eneenes 752
26.3.24.3  DIAZIAIMN....ceuiiiiiiiiieeieeite ettt ettt e bt ettt e st e bt e sa bt e bt e eab e e bt e e ab e e bt e sab e e bt e sat e e bt e st e e nbeesabeebees 752
260.3. 244 FIELAS. c.cveuietiietie bbbttt 752

26.3.25 Deadtime Count Register 0 (SMODTCNTO - SM3DTCNTO).....ccveiiiriininiienienieeieneeie et 753
20.3.25.1  OFESOL...euiiiiiiiieteet ettt 753
20.3.25.2 FUNCHOMN. ..ottt ettt ettt ettt e bt e e e bt e et e bt ea e et e enteebeenteesee bt eaeenbeeneenbeeneenaeeneans 753
20.3.25.3  DHAZIAML .cutiiiiiiiiitiieeit ettt ettt et sb et b et e bttt e bt e bt e at e bt et bt et sbe et san et 753
20.3.25.4  FIELAS.c.viiiiiieiieec et 753
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26.3.26 Deadtime Count Register 1 (SMODTCNT1 - SM3DTCNTL)..c..oiiiiiiriiiiniiieiieeeteseeic et 754
20.3.26.1  OFESOL.....cuiiiiiiiieieet et 754
20.3.260.2  FUNCHOM. ....ctiteniiieiteiieteitet ettt sttt ettt et ettt ea et be b st b e s ettt ettt eneeveeues 754
20.3.20.3  DIHAZIAML ..cutiitiiiiiiiieeit ettt st ettt et be et bttt b bbbt st bt et be et bbbt 754
260.3.26.4  FIELAS. ...t 755

26.3.27 Capture Control A Register (SMOCAPTCTRLA - SM3CAPTCTRLA)....c..ccoviiniinieinieinicseeeeeeenene 755
20.3.27.1  OFFSOL..cviuiieiiitiieteet ettt ettt ettt b ettt nes 755
20.3.27.2 FUNCHOMN. .. .ottt sttt 755
20.3.27.3  DIAZIAIML ..cutiiiiiiieiieete ettt ettt et e et e et es e e bt eateeaeemee s et et e eh e et e eb e e bt en e e bt e st e bt et e eneennes 755
20.3.27.4  FIELAS. c.eveuiitiictitetetceec ettt 756

26.3.28 Capture Compare A Register (SMOCAPTCOMPA - SM3CAPTCOMPA).......ccoceoiiiiiiniiniirececeen 757
20.3.28.1  OFFSOL..c.vuiteiiitiiete ettt b bbbttt a bt ettt ettt eb et ebe e 757
20.3.28.2 FUNCHOMN. ...ttt ettt sttt 757
26.3.28.3  DIAZIAM....ceuiiiiiiiiieiieeie ettt ettt ettt st e bt e st e bt e et e e bt e et eb e e st e e atesat e e bt e eab e e bt e ebeebees 758
260.3.28.4  FIELAS. c.cveuietiietiet e bbbt bbbt 758

26.3.29 Capture Control B Register (SMOCAPTCTRLB - SM3CAPTCTRLB)......ccccceouiiiiiiiiiiiiieiiiccceecee 758
260.3.29.1  OFESOL....euiiiiieiiieteee ettt 758
20.3.29.2  FUNCHOM. ....etiutitiiieiieiteteieeit ettt sttt ettt ettt et e a e bt bt s sttt be ettt eseean et et eneeues 758
20.3.29.3  DHAZIAML ..cutiiiiiiiiitiieeit ettt ettt et b et b et e bttt b et b et e bt e bt eat e sae et bt e b sb et bt et 758
260.3.29.4  FIELAS.c...eiuiiiieiieieec et 759

26.3.30 Capture Compare B Register (SMOCAPTCOMPB - SM3CAPTCOMPB).......ccceiiiiiiiiiiieeceeceee 760
260.3.30. 1 OFFSOL..uveuiieiiiiieteet ettt ettt ettt a ekttt 760
26.3.30.2  FUNCHOMN. .. .ottt bbb 760
20.3.30.3  DIHAZIAIML ...utiiiiiiieiiett ettt b et e b et es e e bt e st e e bt e st e she et e eh e et e eh e e bt ene et e st e bt et e eaeenees 761
20.3.30.4  FIELAS. ..ttt ettt 761

26.3.31 Capture Control X Register (SMOCAPTCTRLX - SM3CAPTCTRLX).....c.ccovuiiireineiricinceecieeeeeenne 761
20.3.31. 1 OFFSOL..vuiieiitiiete ettt b ettt b ettt bttt ettt b et ebe e 761
20.3.31.2 FUNCHOMN. ...ttt e st 761
26.3.31.3  DIAGIAML....eeuiiiiiieitieeieeeie ettt ettt et ettt st e bt e st e bt e e at e e bt e et e e bt e st e e bt e sat e e bt e st e e nbeeebeebees 761

MC56F81xxxL Reference Manual, Rev. 3, 04/2025

NXP Semiconductors 35



Section number Title Page
20.3.31.4 FIELAS. ..ttt 762

26.3.32 Capture Compare X Register (SMOCAPTCOMPX - SM3CAPTCOMPX).......ccoveiiiiiiniinicnecreeeen 763
260.3.32. 1 OFFSOL..c.euiteiiitiiete ettt bbbttt ettt b ettt b et ebe e 763
20.3.32.2 FUNCHOMN. ...ttt ettt et ettt et eneenes 763
26.3.32.3  DIAZIAMN....cetiiiiiieiieeieete ettt ettt ettt st e bt e s et e bt e e ab e e bt e et e e bt e st e e bt e sat e e bt e st e enbeeeabeebees 764
260.3.32.4  FIELAS. c.cveuetieetiet et bbbt 764

26.3.33 Capture Value 0 Register (SMOCVALQ - SM3CVALOD)......coctiiiiiiiinieieeteieeteneetesiteee et 764
20.3.33.1  OFESOL...euiiiiiicieteet ettt 764
20.3.33.2 FUNCHOMN. ..ottt ettt et e sttt e bt ee e bt e et e bt ea et e en b e et e enteesee bt eaeebeeneenbeeneenaeeneens 764
20.3.33.3  DHAZIAML ..cutiiiiiiiitiiieeit ettt sttt et b et bttt b et e bttt e bt e sa e e et sae et sbe b sbe et sae et 764
260.3.33.4  FIELAS. ..ttt 765

26.3.34 Capture Value 0 Cycle Register (SMOCVALOCYC - SM3CVALOCYQ)..couviiiiiienieienieeiesieeeeeee e 765
20.3.34. 1 OFFSOL..uuiuiiiiiitiieteet ettt ettt a ettt bt 765
20.3.34.2  FUNCHON. ....c.eiiiiiiiiiiiiiicc e 765
20.3.34.3  DIAZIAIML ..cutiiiiiiieiieete ettt ettt ettt e e eh et e es e e bt e st e ebeeaee e bt et e eh e et e eb e e bt en e e bt e st e bt et e neennes 765
20.3.34.4  FIELAS. ..ttt ettt 766

26.3.35 Capture Value 1 Register (SMOCVALTL - SM3CV AL ..ottt 766
20.3.35. 1 OFFSOL...vuiteiiitiiete ettt b bbbttt e ettt bbb 766
20.3.35.2 FUNCHOMN. ...ttt ettt et eae s 766
26.3.35.3  DIAGIAM....ceiiiiiiiiiieeeette ettt et ettt sttt s et e bt e e ab e e bt e et e e b e e st e e ht e sat e e bt e et e e bt e e b e ebees 766
260.3.35.4  FIELAS. c.eveuietiietie e bbbt bbbt 767

26.3.36 Capture Value 1 Cycle Register (SMOCVALICYC - SM3CVALICYOQ)..ccccoviiiininiiniiicnieeieneciceieeee e 767
20.3.30.1  OFESEL....ecuiiiiiiiieiee ettt 767
20.3.30.2  FUNCHOMN. ..ottt ettt ettt et e e b e et e bt e s e bt ent e et e enteese e bt saee bt eneenbeeneenaeeneens 767
20.3.30.3  DHAZIAML ..cutiiiiiiiiiiieeit ettt ettt ettt b et h e bt bt sa e e h bbbt et sb e sae et 767
260.3.30.4  FIELAS. ..ot 768

26.3.37 Capture Value 2 Register (SMOCVAL2 - SM3CVAL2)...c.uoiiiiiiieieeitesiteee ettt 768
20.3.37.1  OFFSOL..eiuitiiiitiieteet ettt ettt ettt a ettt n et nes 768
20.3.37.2 FUNCHON. ....c.eiiiiiiiiiiciic e 768
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20.3.37.3  DIHAZIAML .cutiiiiiiiiiiiieeet ettt ettt et be et b et e bbbt e sa e e at e bt et bt et bt et sbe et 768
20.3.37.4 FIELAS. ..ottt 769

26.3.38 Capture Value 2 Cycle Register (SMOCVAL2CYC - SM3CVAL2CYC)...cvoiiiiiiieieieeeieeeene s 769
20.3.38.1  OFFSOL..cuecuiiiiiiiieteet etttk ettt b ekttt nen 769
20.3.38.2 FUNCHON. ....cuiiiiiiiiiiiiic et 769
20.3.38.3  DIHAZIAM c.c.vitiiiieieteietet ettt ettt ettt ettt et e b e e s a bt ettt et aeenes 769
20.3.38.4  FIELAS. ..ttt 770

26.3.39 Capture Value 3 Register (SMOCVAL3 - SM3CVAL3).....ooiiiiiiiieeteeiee ettt 770
260.3.39. 1 OFFSOL..c.euiteiiiteiieteet ettt h et b bbbttt b ettt ettt b et ebe e 770
20.3.39.2 FUNCHOMN. ...ttt e et s sttt eae s 770
26.3.30.3  DIAZIAM....ceuiiiiiiiiieeieeiee ettt ettt ettt st e bt e sat e e bt e e ab e e bt e et e e bt e st e e bt e sat e e bt e sab e e bt e eabeebees 770
260.3.39.4  FIELAS. ..ttt bbbt bbbt 771

26.3.40 Capture Value 3 Cycle Register (SMOCVAL3CYC - SM3CVAL3CYOQ)..cccoviriininiiniiieniecieneeieeieeee e 771
20.3.40. 1 OFESOL...euiiiiiieieieee ettt 771
20.3.40.2  FUNCHOMN. ..ottt ettt ettt et e sttt e bt ee e bt e et e bt ea e e et e enteebeenteesee bt eaee bt smeenbeeneenaeeneens 771
20.3.40.3  DIHAZIAML..cutiitiiiiitiieeit ettt ettt sttt ettt ettt et bt et e bttt e bt e bt eat e bt et sbe e b bt et she et 771
20.3.40.4  FIELAS. c..eiuiiiieiieciec et 772

26.3.41 Capture Value 4 Register (SMOCVAL4 - SM3CVALA)......oiiiiiiieieeeeee ettt 772
20.3. 41,1 OFFSOL..uecuiieiiitiieteiet ettt ettt ettt etttk ettt nen 772
20.3.41.2 FUNCHON. .. .ceiiiiiiiiiiiiicicc e 772
20.3.41.3  DIAZIAML ...cutiiiiiiieiieett ettt ettt e eh et e es e bt e st e e bt e e e s he et e eb e et e eb e et e en e e bt ent e bt et e eneennes 772
20.3. 414 FIELAS. c.coveuiiiiieiiiciitet ettt 773

26.3.42 Capture Value 4 Cycle Register (SMOCVALACYC - SM3CVALA4ACYC)..cccoiiriininiinieienecieneeieeeeeeeee 773
20.3.42. 1 OFFSOL...vuiteiiiteiete ettt ettt h bbbt b et b bbbttt b ettt et b 773
20.3.42.2 FUNCHOMN. ...ttt et s sttt eneenes 773
26.3.42.3  DIAZIAMN....ceuiiiiiiitieeieeite ettt ettt ettt e b e st e bt e sat e b e e e ab e e bt e et e e bt e st e e bt e sat e e bt e et e enbaesabeebees 773
20.3.42.4  FIELAS. c.cveuietieetetet et bbbttt 774

26.3.43 Capture Value 5 Register (SMOCVALS - SM3CVALS)...cuiiiiiiiiiierieieeteeeteee ettt 774
20.3.43.1  OFESEL...euiiiiiiiieeet ettt 774
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20.3.43.2 FUNCHOMN. ...ttt e s sttt et ene s 774
26.3.43.3  DIAZIAMN....couiiiiiieiieeteetee ettt ettt e b ettt st e bt e sa bt e bt e e ab e e bt e e ab e e bt e sab e e bt e sat e e bt e eabeenbeesabeebees 774
260.3.43.4  FIELAS. ..ttt bbbttt 775

26.3.44 Capture Value 5 Cycle Register (SMOCVALSCYC - SM3CVALSCYQ)..cccoviiiininiiniiieniecieneeieeeeee e 775
20.3.44. 1  OFESOL...euiiiiiiiieteet ettt 775
20.3.44.2  FUNCHOMN. ..ottt ettt ettt et e bt et e bt ea e e bt ea e e bt ea e e et e enteeseenteeaeenbeeaeebeeaeenbeeneenseeneens 775
20.3.44.3  DIHAZTAML ..cutiitiiiiiieieeit ettt ettt ettt b et et et b et bt et e bttt ebtesae e st sae et sbe e b sbe et sht et 775
20.3.44.4 FIELAS. ..ottt 776

26.3.45 Capture PWMA Input Filter Register (SMOCAPTFILTA - SM3CAPTFILTA)....cccccvtvineriienieeecreieene 776
20.3.45. 1  OFFSOL..vuiieiiitiieteete ettt ettt bbbttt nes 776
20.3.45.2 FUNCHON. ....c.eiiiiiiiiiiiciicce e 776
20.3.45.3  DIAZIAIML ...cutiiiiitieiieett ettt ettt ettt et e eh et e es e e bt eateeaeeaee s et e b e eheen b e eh e e bt en e e bt e st e bt et e eaeenees 777
20.3.45.4  FIELAS. c.cveuiitiietitciec ettt 777

26.3.46 Capture PWMB Input Filter Register (SMOCAPTFILTB - SM3CAPTFILTB)......ccccoceviviiniiicicene 778
20.3.460.1  OFFSCL..c.euiteiiitiieteet ettt ettt ettt h et bbbttt e bttt ettt bt ebe e 778
20.3.460.2  FUNCHOMN. ....c.uiiiiiiiiiiiieieiee ettt e et s ettt ene e 778
26.3.460.3  DIAZIAMN....ccuiiiiiiiitieiieeie ettt ettt ettt e at e st e bt e et e e bt e et e e bt e st e e ehtesat e e bt e et e e nbeeeabeebees 779
20.3.46.4  FIELAS. c.cveuiitiieiiet ettt 779

26.3.47 Capture PWMX Input Filter Register (SMOCAPTFILTX - SM3CAPTFILTX)....ccccccveineinennirecnreecnen 779
20.3.47.1  OFESEL...cuiiiiiiiieee ettt 780
20.3.47.2 FUNCHOMN. ..ottt ettt ettt et ettt et e e e e bt eatesb e em e e b e eateebeenbeese e bt eaee bt eneenbeeneenaeeneens 780
20.3.47.3  DIAZIAML ..cutiiiiiiiiiiieeit ettt sttt ettt et bt et bttt e b et e e bt e saeeat e bt et bt et sb et sat et 780
20.3.47.4 FIELAS. ..ot 781

26.3.48 Phase Delay Register (SMIPHASEDLY - SM3PHASEDLY)...c.cctvtitniineinieineieeeieeeeseiesee e 781
20.3.48.1  OFFSOL..vcuiieiiitiieteeet etttk b ettt 781
20.3.48.2 FUNCHON. ....coiiiiiiiiiiiiicc e 782
20.3.48.3  DIHAGIAML ...cutiiuiiiieiiitt ettt ettt ettt ettt et es e bt e st e e bt et e e bt et e eb e et e eb e et e en e e bt e st e bt et e neennes 782
20.3.48.4  FIELAS. c.cveuitiietiictitct ettt 782

26.3.49 Output Enable Register (OUTEN)......cooiiiiiiiiiie ittt sttt st e be et beessae st e sanesabee e 782
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20.3.49. 1 OFFSOL...vcuiteiiitiieteet ettt ettt b ettt bt nen 783
20.3.49.2 FUNCHON. ....c.eiiiiiiiiiiciicc e 783
20.3.49.3  DIHAZIAM c.c.viotitiietiteiee ettt ettt sttt ettt ettt et e b b s s a ettt ettt eaeenes 783
20.3.49.4  FIELAS. c.cveuiiiietiictieee ettt 783

26.3.50 Mask RegiSter (IMASK)....c.ouiiiiiiiiieirecirce ettt 784
20.3.50. 1 OFFSOL...vuiteiiiteiieteet ettt ettt b et b bbbt e bttt b et bt eb et ebe e 784
26.3.50.2 FUNCHIOMN. ...ttt ettt s sttt 784
26.3.50.3  DIAZIAM....ccuiiiiiiiiieiieei ettt ettt ettt e bt e st e bt e e ab e e bt e st e e bt e st e e htesat e e bt e et e e bt e eabeebees 784
26.3.50.4  FIELAS. c.cveueetitetitet et bbbttt 784

26.3.51 Software Controlled Output Register (SWCOUT).....cc.coriiriiniiiiniiiiititesieeesieeteetete et 785
203511 OFESEL. ..ttt 785
20.3.51.2 FUNCHOMN. ..ottt ettt ettt ettt ettt et e bt e et e bt e a e bt ent et e enteesee bt saee et eneenbeeneenaeeneens 785
20.3.51.3  DHAZIAML ..cutiiiiiiiiiiiieeit ettt ettt b et bttt b et ebt e bt e a e bt et bt et bt sat et 785
20.3.51.4 FIELAS. ..ttt 786

26.3.52 PWM Source Select Register (DTSRCSEL)......couiiiiiiiiiiieieeeee ettt 787
20.3.52.1  OFFSOL..uvuiteiiitiieteet ettt ettt ettt aen 787
20.3.52.2 FUNCHON. ....cuiiiiiiiiiiiicicc et s 787
20.3.52.3  DIHAGIAIML ..cutiiiiiiieiieet ettt ettt ettt et eh et es e bt e st e e ae et e e bt et e eh e et e eb e e bt en e et e st e bt et e eneenees 787
20.3.52.4  FIELAS. c.cveuiitiictitctict ettt 788

26.3.53 Master Control Register (IMCTRL).....cccooiuiiiiiiieit ettt ettt et 789
20.3.53.1  OFFSOL...euiteiiiteiiete ettt ettt b bbbttt e bttt ettt b et ebe e 789
20.3.53.2 FUNCHOMN. ...ttt et s sttt ene s 789
26.3.53.3  DIAGIAMN....cetiiiiiiiiieeeeite ettt ettt ettt et sttt e st e bt e e ab e e bt e et e e bt e st e bt e sat e e bt e et e e bt e e abeebees 789
260.3.53.4  FIELAS. c.veueetiietiet bbbttt bbb 789

26.3.54 Master Control 2 Register (IMCTRL2).....cc.cocuiiiiiiiiiiiieeeteeet ettt sttt 790
20.3.54. 1  OFESEL...euiiiiiiiieee ettt 790
20.3.54.2 FUNCHOMN. ..ottt ettt ettt et ettt e bt ee e bt e st e bt em e bt enteebeenteeaeenbeeaee bt eneenbesneenseeneens 791
20.3.54.3  DHAZIAML ..cutiitiiiiiiiiieeitete ettt ettt st et be et bttt e h et ebt e bt eat e nae et b e sbe ettt 791
20.3.54.4  FIELAS.c.ceiuiiiiciieieee et 791
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26.3.55 Fault Control Register (FCTRLO - FCTRLI)....c.cooiiiiiiiiiiiiiieteeeeeeeceeseete ettt 792
20.3.55. 1 OFESOL...euiiiiiiiieieet ettt 792
20.3.55.2 FUNCHOMN. ..ottt ettt ettt et ettt et e e e bt e et e bt ea e bt ent e et e enteese e bt eaee st eneenbeeneenaeeneens 792
20.3.55.3  DHAZIAML ..cutiiiiiiiiiiiieeit ettt sttt ettt b et bttt e b bbbt e a bbbt e bbb et 793
20.3.55.4  FIELAS.c.eiiiiiieiicee e 793
26.3.56 Fault Status Register (FSTS0 - FSTST) ..ottt s 794
20.3.56.1  OFFSOL...ucuiieiiiiiieteeet ettt ettt etttk nen 794
20.3.56.2  FUNCHON. ....cuiiiiiiiiiiiiiiiccc e 794
20.3.560.3  DIAZIAM.c.c.uiitiiiieiiieiee ettt ettt ettt ettt ettt et e b bt e s h bttt ettt et aeeaes 794
20.3.56.4  FIELAS. c.cveuiitiieiiictieet ettt 794
26.3.57 Fault Filter Register (FFILTO - FEILTL).....c.ccoieoiitiiiiiiieiceeieeeieee et 795
20.3.57. 1 OFFSCL...vuiteiiiteiiete ettt ettt ettt b et b et bbbttt ettt et b et b et ebe e 795
20.3.57.2 FUNCHOMN. ...ttt ettt sttt 796
26.3.57.3  DIAZIAM....ceuiiiiiiiiieeieeie ettt ettt et st e b e st e s bt e e ab e e bt e et e bt e st e e bt e sat e e bt e et e e nbeesabeebees 796
260.3.57.4  FIELAS. c.eveuiitiieiict bbbttt 796
26.3.58 Fault Test Register (FTSTO = FTST)..couiiiiiiieoieiteenteeeteeee ettt ettt 797
20.3.58.1  OFESOL....uiiiiiiiieieet ettt 797
20.3.58.2 FUNCHIOMN. ..ottt ettt ettt et ettt et e e e bt e et e bt em e bt en e e e bt eateesee bt eaee bt eneenbeemeenaeeneans 797
20.3.58.3  DHAZIAML..cutiiiiiiiiitiieeit ettt ettt et b et bttt e b et ebt e sa e e at e bt et sb et sb et sbe et 797
20.3.58.4 FIELAS. ..ottt 798
26.3.59 Fault Control 2 Register (FCTRL20 - FCTRL21)....cc.ceouiiiiiiiieieeeie ettt 798
260.3.59.1  OFFSOL..ueuitiiiitiieteeet ettt b ettt ekttt nes 798
20.3.59.2 FUNCHON. ....ceiiiiiiiiiiiiiicc e 798
20.3.59.3  DIAZIAMc.c.uiotitiiiiiteieeet ettt ettt ettt et ettt et e b b e st b et ettt et aeeaes 798
20.3.59.4  FIELAS. c.cveuiitiietiietieet ettt 799

26.4  FUNCUHONAL AESCTIPIION. ...eeuuteiiiieiiieiteitte ettt ettt et et eab e e sb et e bt e bt e e bt e e atesabeesbbesaseesbbeeabeebeesabeestesabeessbesabeensbeenbeenseeens 799
20.4.1  PWM SUDIMOGUIL. ...ttt ettt ettt h et e et e s e bt em e e e b e eateese e bt eseenbeemeenbeenseabeenseeneeneeans 799
20.4.2  PWM CaPADIIITIES. c..eenveeiiiiiiiiiitceie ettt ettt b et sttt sb e et s bt e bt st e bt e bbbt e ettt eat et st e e enee 800
26.4.2.1  Center aligned PWIMS....c.oiiiiiiiiiiieeeee ettt ettt sttt sttt st e bae st eebee s 800
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26.4.2.2  Edge aligned PWIMS.......coiiiiiiiiiiieieeiteeettet ettt sttt sttt ettt 802

26.4.2.3  Phase Shifted PWIMS.......ccooiiiiiiiiiicicecc e e 803

26.4.2.4  Double SWItChing PWIMS.......cc.iiiiiiiiiiiieit ettt ettt ettt sttt eaee e eae 805

260.4.2.5  ADC HIZZEIING . .c.veutitieititieiteeeete ettt sttt ettt sttt ettt b ettt ettt ebe et s be e et sbtenae st enbeeinen 806

26.4.2.6  Enhanced capture capabilities (E-Capture)...........cooueeiieriieriiiiniieiieete sttt 808

26.4.2.7  Synchronous switching of Multiple OULPULS........cc.eeviiieriirieiieieieeee e e 810

20.4.3  OPCTALION. .....euieuiieiietieiteete ettt ettt ettt ettt et e et et e ebt e bt ea e e e bt estesbeeate s bt e bt eh e et e eb b e bt e et e bt ea b e bt et eb e et sbe et saeenaes 812
26.4.3.1  RegiSter 1€10Ad I0ZIC. . ccuutiitiiiiiiiiiiiie ettt et ettt e 813

26.4.3.2  Counter SYNCRIONIZATION. .......ovuieiireieit ittt e et e e st e bt et e bt et e beentesbeenbesaeeneeeas 814

20.4.3.3  PWM ZEINETALION. ....ceutieiiiiieiiiiteitieieete sttt ettt ettt ettt e e sb et sbtenae s bt e sbeeasesbeeabesbeesnesbeenteene 815

26.4.3.4  Output cCOMPATe CAPADIIILIES. ....veevreriiiiiieitieiie ettt ettt ettt et te st e sate st e s beesbeesbeesbeesaeeeane 817

20.4.3.5  FOICE OUL LOZIC . cuutiutetieuiitieieeie ettt ettt ettt ettt et b et e et e et e enteebeentesaeeaesmeenbesneenseeneens 817

26.4.3.6 Independent or complementary channel Operation.............ceceveruerernieneniieneenienieeseeeeeeeene 819

26.4.3.7  Deadtime INSEItioN TOZIC....cccuuirriiriieriiiiie ettt sttt ettt sttt sab e btesateebaesabeebee s 820

26.4.3.8  Fractional delay LOZIC......ccoueruieiiriieiieiieie ettt ettt sa et sae e e e b et ebeeeeens 825

20.4.3.9  OULPUL LOZIC..cueentieiiiiieiieiteeteete ettt ettt ettt sttt st ettt ettt eb et ebt et e e bt eeenae 827
260.4.3.10  E-CAPIUIE...ccuutieitieiieeieeiee ettt ettt ettt et e st e e s a bt e bt e sat e e b e e eabesabeesabeeabeesabeenbeesaeeenbaesnneenne 829
20.4.3.11 FaUlt PrOTECTION. ...c..tetietietieiieett ettt ettt ettt et ee et es e st e et e sae e bt saeesbeeseesbeemsenbeensesbeenteeneentens 830
26.4.3.12 PWM generator 10AdING.......cceevuiriiriiiiiniiiienieeienieete sttt ettt ettt aesieen 835

20.4.4  POWET IMOGLS ....oouoiiiiiiiiiiiiiiiiiii it et 838
20.4.5  CIOCKINE. ettt ettt ettt et a et et b e bt bt sttt a ettt et et eae bt besae st be b naea 839
20.4.0  RESELS...cuiiiiiiiietee e et h ettt et et eh e b e sa et 840
20.4.7T  TIEETTUPLS. cueteeutieeiteetee ettt ettt ettt et ettt e bt e s bt e et e e bt e e a bt e bt e sab e e st e ea bt e bt e eabe e bt e eabeenbeesabeestesabeebaeenbeebaesabeensee s 840
20.4.8  DIMA ...ttt h bttt h bbbt h et bt b et b e e b et b et b et ettt et ettt eben 841
20.5  EXEEINAL SIZNALS ...eotiiiiiiiiititieteet ettt ettt a et h et bt bt e a e bt st eh et e h et b et eb ettt e et eaee 843
26.5.1 PWM_An and PWM_Bn - External PWM OULPUL PAIT....ccc.uieruieriiiiiienieeiie ettt ettt 843
26.5.2 PWM_Xn - Auxiliary PWM output SIZNal.........cceiiiiiiiiiiiieiiiieieeieie ettt 843
26.5.3  FAULTN - FaUIt INPULS...cc.eiitiiiiiiiiietete ettt ettt st et ettt st et s bt et sbe e b sbeenaeeae 844
26.5.4 EXT_SYNC - External synchronization SiZNal.............cecueerieriiiiieniieniesie ettt s e s 844
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26.5.5 EXT_FORCE - External output force Signal..........ccccooieriiriiniiiineniinieenieeesieeteetete et 844

26.5.6 PWMn_EXTA and PWMn_EXTB - Alternate PWM control Signals...........cccceevevienieniiienieniieeneenieeneeneen 844

26.5.7 PWMn_OUT_TRIGO and PWMn_OUT_TRIGI - OUtput triZZerS. .......cevuereeruerienieeienieeienieeeeseeeeeseeenee e 844

26.5.8 PWM[n]_MUX_TRIGO and PWM[n]_MUX_TRIG1 - Output trigEeIS.......corerverrerreriereneeienieenieeeenieennes 845

26.5.9 EXT_CLK - External cloCK SIZNAl.......cccuiiiiiiiiiiiiiiiieiiieiieeieete ettt ettt ettt st e s s 845

Chapter 27
Standard Flexible Pulse Width Modulator (PWM) (for MC56F816xx devices)

271 OVEIVIBW...ouiiiiiiiiii ettt s e bbb s a e eb e b et et st a e s 847
27. 1.1 BlOCK QRAGIAIMN ...ttt ettt ettt ettt et e a et e s e bt e et e sbe e st e s bt eate b e emteeseenbeeseenteeneeeeenee 847

27.1.2 FRALUIES. ...cueiuiiniiiieiicieeeie ettt et b b e bbbttt et et e s et s a et s ne 848

27.2  PWM T€ZISIET AESCTIPLIONS. ¢ .tteutteeuieeiieeiteeitte et eite et estte ettt esbteesbeebeesabe e atesateesbtesabeebteeabeenbeesabeenstesateesssesabeenbbesnseenseeans 849
2721 PWM MEMOTY TAP.....eiuiiiiiiiiiiiie ittt et a et sa e e s e e st e a e st e b s b e e e e b e e e e b e e e e sae s 849

27.2.2  Counter Register (SMOCNT - SM3CINT)...cc.uiriiiiiirtiiieteitetest ettt sttt sttt ettt see e 854
27221 OFESEL ittt ettt ne e 855

27.2.2.2  FUNCHOMN. ....cittitietieite ettt ettt ettt et ettt et e e et e bt eat e bt em e b e enteebeenteeaeembeeaeebeeneenbeeneenseeneens 855

27.2.2.3  DHAZIAIN...c.eiiiiiiiiiiiieeteeit ettt ettt et et et b et b et h et e bt et bbbt e nbe et bt et bt 855

27224 FIELAS. ..ot 855

27.2.3  Initial Count Register (SMOINIT = SM3INIT)......cccoeimeimieirieirieinieteieteeteese ettt 855
27.2.3.1  OffSL..uiniiiiciiricirtct ettt etttk sttt ea ettt et 855

27.2.3.2  FUNCHOMN. .. .ottt et 856

27.2.3.3  DIHAZIAML c.coutiiiiieeiieett ettt ettt e bttt s et e et e e bt e aeeehe et e eh e et e eb e et e en e et e ent e bt et e neennes 856

27.2.3.14  FHELAS ettt ettt nes 856

27.2.4 Control 2 Register (SMOCTRL2 - SM3CTRL2).....c.cccoiiiiiiiieiiieiieeeeeeeeeteeeee e 857
27241 OFFSOL.ctuiieiiteeet ettt h bbbttt bttt b et b et ebe e 857

27242 FUNCHOMN. ...ttt ettt s st s e eae e 857

27.2.4.3  DIAZIAMN....coiiiiiiiiiieeieette ettt ettt ettt et e s ht e e bt e e a bt e bt e s ab e e bt e shb e e bt e shb e e bt e nat e e bt e e aaeeabeas 857

27244 FIELAS. c.eotiuiitiietict et bbbttt 857

27.2.5 Control Register (SMOCTRL - SM3CTRL).....c.coctiriiiiitirienieetenieeestt ettt ettt st et s 859
27251 OFESEL ittt se e 859

MC56F81xxxL Reference Manual, Rev. 3, 04/2025

42

NXP Semiconductors



Section number Title Page
27.2.5.2 FUNCHOMN. ...ttt et s ettt eneenes 859

27.2.5.3  DIAZIAM....eoiiiiiiiitieeeete ettt ettt ettt ettt b e st e bt e et e bt st e bt e sat e e bt e st e e bbesbeebees 859

27.2.54  FIELAS. c.ettiuiitiieii et bbbt 860

27.2.6  Value Register 0 (SMOVALO - SM3VALD)....c.coeoimtiiiiieiieietneettntetnte ettt 862
27.2.60. 1 OFESOL it 862

27.2.60.2  FUNCHOM. ....etiiiiiteiteiieiteiteit ettt sttt ettt et ettt a e bt b e s a e et b e b ettt et eat et eaeereeues 862

27.2.6.3  DHAZIAML c.coutiiiiiiiiiiiieeit ettt ettt b et b et eb et ebe e sa e e st sae et bbbt et ea et 862

27.2.6.4  FIELAS. ...t 863

27.2.7 Fractional Value Register | (SMOFRACVALI1 - SM3FRACVALL)..cccctiiiiiiieeeeeeeeee e 863
27271 OFESOL ittt etttk nes 863

272772 FUNCHOMN. ...ttt et 863

27273 DIHAZIAML .ttt ettt ettt h et ea e bt e et e e bt eaee e he e b e eb e et e eb e e bt en e e bt e st e bt et e eneenees 864

272774 FIELAS. ..ottt 864

27.2.8 Value Register 1 (SMOVALT - SM3VALL)....ccooiiiiiiiiieiieieeeeeeene e 864
27.2.8. 1 OFFSCL..ceuiteiiiteet ettt bbbttt e bttt b et b et ebe e 864

27.2.8.2  FUNCHOMN. ...ttt e e s sttt 864

27.2.8.3  DIAZIAM....eeiiiiiiieitieieee ettt ettt st h e st h e et e bt e et b e st e bt e sat e nbt e et e e beesabeebees 865

27.2.84  FHELAS. c.cviuiitiiciee bbbttt 865

27.2.9 Fractional Value Register 2 (SMOFRACVAL2 - SM3FRACVAL)....c.ccviimiineineenceeneeeneeeseeieeeee 866
27.2.9. 1 OFESOL ittt 866

27.2.9.2  FUNCHOM. ....etitiieieietete ettt sttt ettt ettt ea et be e st b e s sa ettt eat et eneeneeues 866

27.2.9.3  DHAZIAML ..cutiiiiiiiiitiieeit ettt ettt b ettt bt et bttt e b et ebt e saeeat e bt et s b et sb e et bt 866

27.2.9:4  FIELAS. ..ottt 867

27.2.10 Value Register 2 (SMOVAL2 - SM3VAL2)....coiiiiiiiiiriiieitetetsee sttt 867
272101 OFFSOL..uuiiiiiitiiietetet ettt ettt ettt etttk t e bbbttt 867
27.2.10.2 FUNCHON. ....c.viiiiiiiiiiiicic e 867
27.2.10.3  DIHAGIAIML ..cutiiiiiieiieetteee ettt ettt ettt et e eh et e es e e bt eateeaeemeesbeenbeebeenbeebeenbeeseenbeeneenbeeneeeneenees 868
27.2.10:4  FIELAS. ..ottt ettt 868

27.2.11 Fractional Value Register 3 (SMOFRACVAL3 - SM3FRACVAL3).....ccccoviiriiiieineeeeeeeeseee e 868
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2T 2. 111 OFESOL ittt ettt ettt ettt a bbbttt nen 868
272112 FUNCHON. ...ttt et 869
27.2.11.3  DIAGIAM c.cuitiiiieicteiee ettt sttt et ettt et b e bt et s a et b ettt et eaeenes 869
272114 FIELAS. c.cviuiitiietiict ettt ettt 869

27.2.12 Value Register 3 (SMOVAL3 - SM3VALZ)....cooiiiiiiiiiieieeeeeeeeenee et 869
272121 OFFSOL..vuiteiiiteeete ettt ettt b et bbb e b et e bttt b et bt b et ebe e 869
27.2.12.2 FUNCHOMN. ...ttt e et s ettt ene s 870
27.2.12.3  DIAZIAMN....eetiiiiiiitieeieeite ettt ettt et ettt st e bt e sat e b e e e ab e e bt e e ab e e bt e sab e e bt e sat e e bt e sabeenbeesabeebees 870
272124 FIELAS. c.eteuietiiciee et bbbttt 870

27.2.13 Fractional Value Register 4 (SMOFRACVAL4 - SM3FRACVALA)....ccccoviimiineineencneeeeeeneeeseeeeeee 870
272131 OFESEL ittt 871
27.2.13.2 FUNCHOMN. ....cetiiiietieiteet ettt ettt ettt et e bt e e e b e et e bt em e b e en b e ebeenbeesee bt eaee bt emeenbeeneenaeeneans 871
27.2.13.3  DHAZTAML .ttt sttt ettt b et bttt e b et e bt e sae e st e sae et e sbe et sbe et bt 871
2721314 FIELAS.c.eiiiiieiiee e 871

27.2.14 Value Register 4 (SMOVALA - SM3VALA)....c.oriiiiiiiiieiiieiteetretetste sttt 872
272141 OFESOL. ittt ettt ettt ettt bttt ettt nes 872
27.2.14.2 FUNCHON. ....ceiiiiiiiiiieictc et 872
27.2.14.3  DIAZIAIML ...utiiiiiieiieeee ettt ettt ettt et eh et e st e bt eat e e bt emee s et et e sheenbeebeenbeene e bt ene e bt eneeeneenees 872
272144 FIELAS. ..ottt ettt 873

27.2.15 Fractional Value Register 5 (SMOFRACVALS - SM3FRACVALS)....cccoiviiriiiieineeeeeeeeeseee e 873
272151 OFFSOL..cuvuitiiiiteiete ettt ettt b et b et b et b ettt a bttt h et bt b et ebe e 873
27.2.15.2 FUNCHOMN. ...ttt e e s ettt et 873
27.2.15.3  DIAZIAMN....eotiiiiiieiieeieette ettt ettt et st e b e st e bt e e at e e b b e e bt et e e sab e e bt e sab e e bt e eabe e beesabeebees 873
272154 FIELAS. c.eveuiitiietict et bbbttt 874

27.2.16 Value Register 5 (SMOVALS - SM3VALS)....ccoviiiiiriieiieieeitetntetre ettt 874
27.2.16.1  OFESOL...eeiiiiiiiieee ettt 874
27.2.160.2 FUNCHOMN. ..ottt ettt ettt ettt e sttt e bt e e e bt e et e bt em b et e enteebeenteeseenteeaee bt emeenbeeneenseeneens 874
27.2.160.3  DIHAZIAML ..cutiiiiiiiiitiieeit ettt sttt et et b et b et eb et e e bt e saeeatesae et e sbe et e sbeennesbtentens 875
27.2.16.4 FIELAS. ...ttt 875
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27.2.17 Fractional Control Register (SMOFRCTRL - SM3FRCTRL)......ccccooiiiiiiiiiiiinieientcicecsceesecee e 875
272171 OFESEL ittt 875
272172 FUNCHOMN. ..ottt ettt ettt ettt et e bt ee e bt ea e bt em e b e eateebeenbeeseenbeeaee bt smeenbeeneenaeeneens 876
272173 DIHAZIAML ..cutiitiiiiiitiieeit ettt ettt b ettt be bbbt e bt et e ebeesaeestesaeeatesbeenbesbeennesanentens 876
272174 FIELAS. ..ttt 876
27.2.18 Output Control Register (SMOOCTRL - SM3OCTRL)......ccoutiieiieiieiieieteese ettt 877
272181 OFESOL..cuiiieiiieietetet ettt ettt ettt 877
27.2.18.2 FUNCHON. ..ottt s 877
27.2.18.3  DHAGIAIM ...cutiiiiiieiiett ettt ettt ettt et e b et es e bt e et e e bt eaee s bt embeebeenbeebeenbees e e bt e st e bt e e e eneenees 877
272184 FIELAS. ..ttt ettt 878
27.2.19 Status Register (SMOSTS - SM3STS).....ciiiiiiieiieeeereeeree ettt 879
27.2.19. 1 OFFSCL. ittt ettt ettt bbbttt et 879
27.2.19.2 FUNCHOMN. ...ttt ettt ettt et 879
27.2.19.3  DIAZIAM....cetiiiiiieiieeieeite ettt ettt et ettt st e bt e sa bt e bt e e ab e e b e e sab e e bt e sab e e bt e sat e e bt e sabeenbaeeabeebees 879
272,194 FIEIAS ..ttt et ettt ettt et eae e s 880
27.2.20 Interrupt Enable Register (SMOINTEN - SM3INTEN)......cccoootiriiiiniiieniienteesteesit ettt 881
272201 OFESEL...uiiiiiiieeee ettt 881
27.2.20.2 FUNCHOMN. ..ottt ettt ettt ettt et ettt e bt e st e bt eat e bt ea et e enteeseenbeeaeenaesaee bt eneenbeeneenbeeneens 881
27.2.20.3  DIHAZIAML .cutiiiiiiiitiieeit ettt ettt et b et b et e bttt bt et e b et e e bt e saeeatesae et e bt et sbe et san et 881
272204 FIELAS.c.cviiiiieiieiee e 882

27.2.21 DMA Enable Register (SMODMAEN - SM3DMAEN).......cccvitrimiiienienieteieneeeretetee et 883
272211 OFESBL ittt ettt ettt ettt nen 883
27.2.21.2 FUNCHON. ...ttt 883
27.2.21.3  DIHAZIAIML ..cutiiiiiieiieett ettt h e ettt eh et es e e bt eat e e bt eaee s bt enbeebeenbeebeenbeen e e bt ent e bt e e e eneenees 883
272214 FIELAS. c.eoviuiiiietitctiee ettt 884
27.2.22 Output Trigger Control Register (SMOTCTRL - SM3TCTRL).......coviiiiiiiiiiieeiciieeieeieeseeeeenee e 885
272221 OFFSCE. ittt ettt st ettt et eaes 885
27.2.22.2 FUNCHOMN. ...ttt et e et s bbbt ettt ene e 885
27.2.22.3  DIAZIAIMN....eetiiiiiiiitieeieeite ettt ettt et ettt st e bt e s et e bt e et e e b b e sab e e bt e sab e e bt e sat e e bt e eabeenbeeeabeebees 885
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27.2.22.4 FIEIAS ..ottt ettt 886

27.2.23 Fault Disable Mapping Register 0 (SMODISMAPO - SM3DISMAPO).........cccoceoiiiniiiiieeereeeeceen 886
272231 OFFSCE. ittt ettt sttt ettt eaes 886
27.2.23.2 FUNCHOMN. ...ttt ettt e e s ettt 887
27.2.23.3  DIAZIAIMN....cetiiiiiiiiieeieeite ettt ettt ettt ettt at e s et e bt e e ab e e bt e e ab e e bt e sab e e bt e sat e e bt e et e e beeeabeebees 887
27.2.23.4  FIEIAS ..ttt ettt ettt ettt ebe e s 887

27.2.24 Fault Disable Mapping Register 1 (SMODISMAP1 - SM3DISMAPL).....cccccoooiiiiiiiiniiinininiieieeeiene 887
272241 OFESCL.uviiiiiiiiiiiciiciee e e 887
27.2.24.2 FUNCHOM. ....etitentiteteiteteit ettt sttt sttt ettt et et e b et eat bt bt sae st b b e ettt enn et eneebeeues 888
27.2.24.3  DIHAZTAML .cutiitiiiiiitiieeit ettt ettt ettt et b et h et bttt b e et e bt et e e bt e saeeatesae et e sbe et sbe et saeentens 888
272244 FIEIAS.....oiiiiiiiiiiiiiiicc e 888

27.2.25 Deadtime Count Register 0 (SMODTCNTO - SM3DTCNTO)......ccoeoieiriririniinieneneteseeererereeeieee e 889
272251 OFFSCE.euiiiiiciiiee et bbb 889
27.2.25.2 FUNCHOMN. ...ttt st 889
27.2.25.3  DIHAGIAMc.c.viititiieieieieeet ettt ettt ettt et ettt et b bt b s h bt ettt et ebeeaes 889
27.2.25.4  FIEIAS ..ottt ettt s 889

27.2.26 Deadtime Count Register 1 (SMODTCNT1 - SM3DTCNTL)..c.cciiieiiiiiiciicirceeceeeeeeeeeee s 890
27.2.260.1  OFFSCE.c.viuiriitiieeteeeet ettt ettt ettt et s bttt ettt eaes 890
27.2.26.2 FUNCHOMN. ....c.ciiiiiiiiiiiiieieieeet ettt et s ettt eae e 890
27.2.26.3  DIAZIAMN....ccuiiiiiiiitieeieeite ettt ettt et ettt st e b e st e bt e e at e e bt e et e e bt e sab e e bt e sat e e bt e et e enbeesabeebees 890
27.2.26.4  FIEIAS ..ottt ettt ettt ettt eae et s 891

27.2.27 Capture Control A Register (SMOCAPTCTRLA - SM3CAPTCTRLA)......ccccceviiiiiiiiininieiecciee 891
272271 OFESCL.ueiiiiiiiiicice e e 891
27.2.27.2 FUNCHOM. ....etititiieiteitetet ettt sttt ettt ettt et e a e bbb bbbt ettt et eat et eneeneeues 892
27.2.27.3 DIHAZTAML ..cutiiiiiiiiiiieeit ettt ettt s h ettt be et bttt e bt et e e bt e saeeatesbeeatesbeenbesbeennenanentens 892
272274 FIEIAS.....oiiiiiiiiiiiiic e 892

27.2.28 Capture Compare A Register (SMOCAPTCOMPA - SM3CAPTCOMPA).......cccoovvirvimininenenienieneieienene 893
272281 OFFSCL.eiiiiiciiicieee et et 893
27.2.28.2 FUNCHON. ....c.viiiiiiiiiiiicic e st 894
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27.2.28.3  DHAZTAML ..cutiiiiiiiiieieeit ettt ettt st ettt bt et bttt e b et e bt e sa e eat e bt et sbe et bt et bt 894
272284 FIELAS. ..ttt 894

27.2.29 Capture Control B Register (SMOCAPTCTRLB - SM3CAPTCTRLB)......ccccoeviiiiiiiieieieieeneeeeenenaas 894
27.2.29.1  OFFSBL..ueuiriieiitiieteet ettt ekttt b ettt nes 894
27.2.29.2 FUNCHON. ....c.eiiiiiiiiiiciic e 895
27.2.29.3  DIHAGIAMc.c.uietiteiiieteteeet ettt ettt sttt ettt et ettt et b bt s a e s h et ettt ettt aeeaes 895
27.2.29.4  FIELAS. c.cveuiitiieiitetiee ettt 895

27.2.30 Capture Compare B Register (SMOCAPTCOMPB - SM3CAPTCOMPB)......cccccocviviiiiiiniiiieniceeeeiee 896
2723001 OFFSCE.uvitirtititerteetet ettt b e sttt ettt eaes 897
27.2.30.2 FUNCHOMN. ...ttt ettt e s sttt et 897
27.2.30.3  DIAZIAIMN....ceuiiiiiiiiieeieeite ettt ettt ettt ettt st e b e sa bt e bt e e abe e bt e eab e e bt e sab e e bt e sat e e bt e eab e e bt e eabeebees 897
27.2.30.4  FIEIAS ettt ettt ettt ettt be e sae e 897

27.2.31 Capture Control X Register (SMOCAPTCTRLX - SM3CAPTCTRLX)....ccoccovveineineinicinicniceeiceeicneenene 897
272311 OFESEL ittt 898
27.2.31.2 FUNCHOMN. ....ciittiiieteeie ettt ettt et ettt et e e e bt e et e bt em e bt en b et e eateese e bt eaeenaeemeenbeeneenaeeneens 898
27.2.31.3  DHAZIAML c.coutiitiiiiitiieeit ettt ettt et bt et bttt ea et ebt e saeeat e sbe et bt et sbe et sae et 898
272314 FIELAS. ..ottt 898

27.2.32 Capture Compare X Register (SMOCAPTCOMPX - SM3CAPTCOMPX).......ccceouvirvimiminenenenienenieienens 900
27.2.32.1  OFESOL..euitiiiitiieteet etttk etttk a et nen 900
27.2.32.2 FUNCHOMN. ...ttt s 900
27.2.32.3  DIHAGIAM.cuiitiiiieieieiee ettt ettt sttt ettt et ettt et b bt b s h bt sttt et eaeenes 900
27.2.32.4 FIELAS. ..ttt ettt 900

27.2.33 Capture Value 0 Register (SMOCVALOQD - SM3CVALD).....cooutiiiiiiierteeeeteeeeee ettt 901
27.2.33.1  OFFSCE. ittt bttt ettt et eaes 901
27.2.33.2 FUNCHOMN. ...ttt ettt b e s sttt et ene s 901
27.2.33.3  DIAGIAM....cetiiiiiiitieeteeiee ettt et ettt st e bt e st e bt e e ab e e b e e eab e e bt e sab e e bt e eat e e bt e eab e e bt e e abeebees 901
27.2.3314  FIEIAS ..ttt ettt ettt ettt ebe e 901

27.2.34 Capture Value 0 Cycle Register (SMOCVALOCYC - SM3CVALOCYC)..c.covirieniniinicienieieneeieeieeeeaee 901
272341 OFESEL..eiiiiiiiiieeet ettt 902
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27.2.34.2 FUNCHOMN. ...ttt ettt et s ettt et eneenes 902
27.2.34.3  DIAZIAIMN....ccutiiuiiitieeieeiee ettt ettt ettt e b e st e bt e sa bt e bt e e ab e e bt e s ab e e bt e sab e e bt e sat e e bt e eabeenbeeeabeebees 902
272344 FIELAS. c.cveuiitiiciiei ettt bbb 902

27.2.35 Capture Value 1 Register (SMOCVALT - SM3CVALL)...ccoiiiiiiiiiinieieteeetereeesteee et 902
272351 OFESOL .ottt 902
27.2.35.2 FUNCHOMN. ..ottt ettt ettt et ettt e bt e e e bt e et e bt ea e e bt ea b e ebeenteese e bt eaee et emeenbeeneenaeeneens 903
27.2.35.3  DHAZTAML c.cutiiiiiiiitiieeit ettt h et s h et be et bttt e b et e bt e bt e st bt et sbe et bt et sae et 903
272354 FIELAS. ..ttt 903

27.2.36 Capture Value 1 Cycle Register (SMOCVALICYC - SM3CVALICYC)...oouiviiiiiiiiieinieieeeene e 903
27.2.30.1  OFFSOL...ecuiiiiiiiiieteet ettt etttk ettt a ettt nen 903
27.2.36.2 FUNCHON. ....cciiiiiiiiiiiiiicc e 904
27.2.30.3  DIAZIAM.c.cuirtiiiiiieteietet ettt ettt sttt ettt ettt e ae bt bt s a e s a bttt ettt eaeeaes 904
27.2.30.4 FIELAS. c.cveuiitiieiiectitec ettt 904

27.2.37 Capture Value 2 Register (SMOCVAL2 - SM3CVAL2).....ooouiiiiiiiieeeeiee ettt 904
27.2.37. 1 OFFSCL..tuiteiiiteete ettt ettt b et bbbttt et bttt b et bt b et ebe e 904
27.2.37.2 FUNCHOMN. ...ttt et s ettt eneenes 905
27.2.37.3  DIAZIAM....ceuiiiiiieitieeieeite ettt et ettt st e bt e st e bt e e ab e e bt e e ab e e bt e sab e e bt e sat e e bt e st e ebeeeabeebees 905
27.2.37.4 FIELAS. c.cveuiitiieiiet e bbbttt 905

27.2.38 Capture Value 2 Cycle Register (SMOCVAL2CYC - SM3CVAL2CYQC)..cccoviriininieniiienieeieneeieeieeee e 905
272381 OFESOL. ..ttt 905
27.2.38.2 FUNCHOMN. ..ottt ettt ettt et ettt et e ea e bt e et e s bt em e bt enteebeenteese e bt eae e st emeenbeemeenaeeneans 906
27.2.38.3  DHAZIAML ..cutiiiiiiiitiieeit ettt st ettt b et b et e bttt e bt e sa e e st sae et s be b sb et bt 906
272384 FIELAS. ..ot 906

27.2.39 Capture Value 3 Register (SMOCVAL3 - SM3CVAL3I)..c..ooiiiiiiiieieieeeneeere et 906
27.2.39. 1 OFFSOL..ueuiieiiitiietetet ettt b ekttt nen 906
27.2.39.2 FUNCHOMN. ....ceiiiiiiiiiiicicic e 907
27.2.39.3  DHAGIAM c.c.uietitiieieteiet ettt ettt ettt st ettt ettt et ettt et b bt s a e s h ettt ettt beenes 907
27.2.39.4  FIELAS. ..ttt ettt 907

27.2.40 Capture Value 3 Cycle Register (SMOCVAL3CYC - SM3CVAL3CYC).cooouiiviiiiiiiieieeniieeieeee e 907
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272,40, 1 OFFSEL.cuiiiiiiiiiiie et et 907
27.2.40.2 FUNCHOMN. .. .ottt 908
27.2.40.3  DIAZGIAMc.cuietitiieieteiee ettt ettt sttt ettt et ettt e ae bt be et s a b b sttt ettt et enes 908
272,404 FIEIAS. ..ottt ettt 908

27.2.41 Capture Value 4 Register (SMOCVALA4 - SM3CVALA).....ccociiiiciiieccceeeeeeee s 908
2T 2411 OFFSCE. ittt ettt ettt ettt et bbbttt et 908
27.2.41.2 FUNCHOMN. ...ttt et e s ettt eaeenes 909
27.2.41.3  DIAZIAM....couiiiiiieitieeteeite ettt ettt ettt ettt b e sat e b e e e ab e e bt e eab e e bt e sab e e bt e sab e e bt e sabeenbeesabeebees 909
272414 FIEIAS ..ttt sttt ettt ettt et eae et 909

27.2.42 Capture Value 4 Cycle Register (SMOCVALACYC - SM3CVALACYQC)..ccceoviriininiinicieneeieneeieeieeneeaee 909
272421 OFESCL.ueiiiiiiiiiiiie e e 909
27.2:42.2 FUNCHOMN. ..ottt ettt ettt ettt ettt ettt et e e et e bt e et e bt em e e e b e enteebeenbeeseenaeeaee bt emeenbeemeenseeneens 910
272423 DIHAZIAML ..cutiitiiiiiititeeit ettt ettt ettt s b ettt et be et bt et eb e et e e bt e sae e st e sae et e nbe et sbe et sbeentens 910
272424 FIELAS. ..ot 910

27.2.43 Capture Value 5 Register (SMOCVALS - SM3CVALD)..c..ooiiiiiiieieieieeit ettt 910
272431 OFFSEE.cviiiiiciiieie ettt 910
27.2.43.2 FUNCHOMN. ...ttt 911
27.2.43.3  DIAZGIAMc.cuiitiiiieieieiet ettt ettt sttt ettt et ettt e b bt s et b et ettt et eaeenes 911
272434 FIEIAS ..ottt 911

27.2.44 Capture Value 5 Cycle Register (SMOCVALSCYC - SM3CVALSCYC)..c.coiiiiininienieienieieneereeeeeeeee 911
272441 OFFSCL.cuiiiiiietiteteeee ettt ettt b a e et ettt eaes 911
27.2.44.2  FUNCHOMN. ....cuiiiiiiiiieieieieet ettt ettt e et s et besa et ettt eneenes 912
27.2.44.3  DIAZIAIMN....ccueiiiiieiieeieeite ettt ettt e b e et e bttt e bt e sa bt e b e e eab e e bbeeabeeabtesab e e bt e sab e e bt e sabeebeeeabeebees 912
272444 FIEIAS ..ttt bttt ettt ettt eae et s 912

27.2.45 Capture PWMA Input Filter Register (SMOCAPTFILTA - SM3CAPTFILTA)....ccccccoeoiveiineiniecnecnen 912
27245, 1 OFESCL..uiiiiiiiiiiiiiee e 912
27.2.45.2 FUNCHOMN. ..ottt et ettt et e bt et e bt e et e bt eat e bt em e bt enteebeenteesee bt eaee bt emeenbesntenaeeneens 913
27.2.45.3  DHAZTAIML ..cutiiiiiiiiiiiieeit ettt sttt ettt et e be et bt et e bt et e bt e sa e eatesbe et sbe et sb e et sbeentens 913
272454 FIEIAS....oiiiiiiiiiiicic e 914
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27.2.46 Capture PWMB Input Filter Register (SMOCAPTFILTB - SM3CAPTFILTB).....cccccoecinivineincinccncnn 914
27.2.46.1  OFESEL...uiiiiiiieeieet ettt 914
27.2.46.2 FUNCHOMN. ..ottt ettt ettt ettt et ettt et e e et e bt e st e sb e em e e e b e eateeseenteeseenaeeaee bt eneenbeeneenaeeneens 915
27.2.460.3  DIAZIAML ..cutiitiiiiiiiieett ettt ettt b ettt be et b et e bt et e e bt e saeeatesae et e bt et sbe et sbn et 915
272464 FIELAS. ...ttt 915

27.2.47 Capture PWMX Input Filter Register (SMOCAPTFILTX - SM3CAPTFILTX)....ccccverinenirieninieieeneieene 916
272471 OFESOL..ecuiiiiiteieteet ettt ettt ettt b ettt 916

2T 2.47.2 FUNCHOMN. ....cviiiiiiiiiicicec e st 916
27.2.47.3 DIAGIAM..cviititiiiieteiee ettt ettt ettt ettt ettt et ettt et ettt be bbb e et a ettt et eaeenes 917
272474 FIELAS. ..ottt ettt 917

27.2.48 Phase Delay Register (SM1PHASEDLY - SM3PHASEDLY)....ccccociiiiiiiiiiiieieneeieeeeeceeenieerese e 918
272481 OFFSCL...euiteiiitiieteet ettt ettt b et b ettt h ettt ettt ettt b et ebe e 918
27.2.48.2 FUNCHOMN. ....c.uiiiiiiiiiiiieieietee ettt e et s sttt ettt ene s 918
27.2.48.3 DIAGIAM....ccuiiiiiieitieeieete ettt ettt et sttt e st e s bt e e ab e e bt e et e e bt e sab e e bt e sat e e bt e eab e e bt e ebeebees 919
272484 FIELAS. c.cveuiitiietiet ettt bbb 919

27.2.49 Output Enable Register (OUTEN).......cocuiiiiiiiiriiiirteieet ettt sttt ettt ettt 919
27.2.49. 1  OFESEL...euiiiiiiceeet ettt 919
27.2.49.2 FUNCHOMN. ..ottt ettt ettt et ettt et e e e bt ea e e bt eate bt em e e bt enteebeenteeseenbesaeenaesmeenbeeneenseeneens 919
27.2.49.3  DIHAZIAML ..cutiiiiiiiiiiiieeit ettt ettt sttt s b ettt bttt b e et e bt et e ebtesbeeatesae et e sbe et sbeenbesbe et 919
272494 FIELAS. ..ottt 920

27.2.50 Mask RegiStEr (IMASK).....ueiuiiiiiieieeiiee ettt ettt ettt ettt ettt esae et esbeea e e s bt enbesbeenteebeenseeseeneeene 920
27.2.50.1  OFESOL..ecuiieiitiieteiet ettt ettt ettt bbbttt 920
27.2.50.2 FUNCHON. ....cuiiiiiiiiiieieic e 920
27.2.50.3  DIAGIAM..c.uiititiiititeietetetet ettt ettt sttt ettt et ettt ae bbb sttt st ettt et eaeeaes 920
27.2.504  FIELAS. c.cveuieiiieiiictitee ettt 921

27.2.51 Software Controlled Output RegiSter (SWCOUT).....coouiiiiiiiiiiiiecieeteeeete ettt 921
272511 OFFSOL..utuitiiitieete ettt ettt b et bbbt b b bbbt bttt b ettt b et ebe e 921
27.2.51.2 FUNCHOMN. ...ttt ettt 922
27.2.51.3  DIAZIAM....ceuiiiiiieitieeieeite ettt ettt et ettt st e bt e s et e bt e e ab e e bt e e ab e et e e s et e e bt e sat e e bt e sab e e bt e eabeebees 922
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272514 FIELAS. ..ottt ettt 922
27.2.52 PWM Source Select Register (DTSRCSEL).......cooiuiiiiiiiiiiie ittt sttt e 923
27.2.52. 1 OFFSOL..cvuiteiiiteiete ettt ettt b et b bbbt bbbttt ettt b et ebe e 923
27.2.52.2 FUNCHOMN. ...ttt et ettt ene e 923
27.2.52.3  DIAZIAIMN....couiiiiiieiieeieeite ettt ettt ettt ettt e bt e sa bt e bt e e ab e e b b e sab e e bt e sab e e bt e sat e e bt e eabeebeeeabeebees 924
27.2.52.4 FIELAS. c.eveuiitiietiet ettt bbb 924

27.2.53 Master Control Register (IMCTRL)......cocuiiiiiiiiiiiiiiieteeeteete ettt sttt 925
27.2.53.1  OFESOL..eiiiiiiiceeet ettt 925
27.2.53.2 FUNCHOMN. ..ottt ettt ettt et et et e bt e e e bt e et e bt ea e e bt en e e et e eateese e bt eaee bt emeenbeeneenaeeneens 925
27.2.53.3  DHAZIAIML .cutiiiiiiiiiiieeit ettt ettt h et b bbbt b et e bt et e e bt e saeest e bt et e sbe e b sbe et b et 926
27.2.5314 FIELAS.c.eiiiiiciiee e 926
27.2.54 Master Control 2 Register (IMCTRL2).....cc.ooiiiiiiiiieeeieeee ettt ettt ae e 927
272541 OFFSOL..cuuiuiiiiiitiieteet etttk b bbbt n et nen 927
27.2.54.2 FUNCHON. ....c.oiiiiiiiiiiiicic et 927
27.2.54.3  DIAGIAM.cuiitiieiiiiteiet ettt ettt sttt ettt et a et ae bbbt bbb ettt et eaeeaes 927
272544 FIELAS. c.coviuiitiiitiietie ettt 927
27.2.55 Fault Control Register (FCTRLO - FCTRLI).c...coiiiiiiiiiieiiieieeeeseeee ettt sttt e 928
27.2.55. 1 OFFSOL..c.vuiteiiiteieteete ettt ettt b bbbttt b bttt b et b et ebe e 928
27.2.55.2 FUNCHOMN. ...ttt ettt 928
27.2.55.3  DIAGIAMN....couiiiiiiiiieeteete ettt et ettt st e b e st e b e s at e e bt e et e bt e st e e bt e sat e e bt e eabeebeeeabeebees 929
27.2.554 FIELAS. c.eoveuiitiietiet e bbbttt 929
27.2.56 Fault Status Register (FSTS0 - FSTST).c..iiiiiiiiiie ettt 930
27.2.56.1 OFESEL...euiiiiiiiieieet ettt 930
27.2.56.2 FUNCHOMN.....cetiiiieitieiieite ettt ettt et e bt et e bt e e e bt e et e bt em e e b e enteeseeateeseenaeeaee bt eneenbeeneenaeeneens 930
27.2.56.3  DIHAZIAML ..cutiiiiiiiiiiiieeitete ettt sttt ettt et be et bttt e bttt ebe e saeeat e bt et s bt e b bt b ebt et 930
27.2.56.4 FIELAS....eouiiiiciieeieecc et 930
27.2.57 Fault Filter Register (FFILTO - FEILT1)....ccuetieiniiiiiiiieeteiee ettt ettt 931
27.2.57.1 OFESOL..ceiuiiieitiieteet ettt ettt ekttt b ekttt nen 931
27.2.57.2 FUNCHON. ..ottt 932
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27.2.57.3 DIHAZIAML ..cutiiiiiiiiiiieeit ettt sttt ettt be et bttt e bt et ebeesaeeatesae et e sbe et sbe et bt entens 932
272574 FIELAS. ..ot 932

27.2.58 Fault Test Register (FTSTO = FTST 1) ..ottt 933
27.2.58.1 OFFSOL..cvuiiiiiiiieteet etttk ettt ekttt nen 933
27.2.58.2 FUNCHON. ....cuiiiiiiiiiiiiicc e 933
27.2.58.3  DIHAZGIAM..cuiotitiiiiiteietet ettt ettt sttt ettt et ettt et b bt s a e s a et bttt ettt beeaes 933
27.2.584 FIELAS. c.cveuiiiieiiicietct ettt 934

27.2.59 Fault Control 2 Register (FCTRL20 - FCTRL21)....c.ccoiuiiiiiiiiiiiienecreeneeeeeee e 934
27.2.59. 1 OFFSCL..vuiteiiiteiete ettt ettt bbbt b ettt ee bttt b et b et ebe e 934
27.2.59.2 FUNCHOMN. ....cuiiiiiiiiiiiieicieee ettt ettt ene s 934
27.2.59.3  DIAZIAM....ccuiiiiiieiieeieeiee ettt ettt bttt et st e bt e s et e bt e e ab e e bt e sab e e bt e sab e e bt e sab e e bt e sabeenbeeeabeebees 934
27.2.59.4  FIELAS. ..ttt bbbttt 935

27.3  FUNCHONAL AESCIIPIION. c..c.vtiitiiientieiteteeit ettt ettt b ettt et b et e b et e bt bt eatesbeeate s bt e st e sbeenbeebe et e ebeenbeeneenbeenees 935

27.3.1  PWM SUDMOUIE. ..ot e 935

27.3.2  PWM CaPADILIIES. ....eouieuiiiiiiiiiieteite ittt ettt sttt s a et ettt ettt eae et be e saeenes 936
27.3.2.1  Center aligNed PWIMIS.....ccuiiiiiiiiiiiiiieteeteeet ettt ettt sttt nbe e 936
27.3.2.2  Edge aligned PWIMS.....c..cooiiiiiiiiieeeee ettt ettt ettt sttt sttt e bt e bt e saee e 938
27.3.2.3  Phase Shifted PWIMS......cc.oiiiiiiieiieeee ettt et et see e e 939
27.3.2.4  Double SWItChing PWIMS.......ccccoiiiiiiiiiiiiiiieeeeeee ettt ettt st st 941
27.3.2.5  ADC tIZEETING.....eeutieiiieiteeite ettt ettt et ettt et e et e bt e e bt e bt e s bt e bte st e e sateeabeesbaeenbeebeesabeesaeesareas 942
27.3.2.6  Enhanced capture capabilities (E-Capture)..........ccccceeveiriririninicnenienienieniciereeeeeeeeeeeeese s 944
27.3.2.7  Synchronous switching of multiple OUPULS........c.ceviriiriiriiriiniieteeecec e 946

27.3.3  OPCTAON. ..uutiiutieeiieette ittt ettt et ettt e bt e sttt et e e shte e bt e bt e e bt ebte s et e e st e eabeesbbeeabe e beeeabe e bt e s ab e e bt e eat e e bt e eabeebaeeabeenees 948
27.3.3.1  RegiSter reload LOZIC.....c..ocuiiiiriiiitiitiiesteeteeseteee ettt st 949
27.3.3.2  Counter SYNCRIONIZATION. c..c..evuiitiriieiiriteie sttt ettt ettt sttt st s bt et st eenesbeesnesaeete e 950
27.3.3.3  PWM ZENETALION. .. .eeiuteiiieiiieeite ettt ettt ettt et e sttt et e sate e bt eeabesabeesabeeabeesabeenseesaeeenbaesnneenne 951
27.3.3.4  Output cOmpare CAPADIILIES. .....c.eeueeuiriririiriirieriestetertet ettt ettt sa e st saenenens 953
27.3.3.5  FOTCE OUL LOZIC...cuueeuteiieiiitieiteeieete ettt ettt ettt ettt sbe et st enae st enaesbaenbeeanens 953
27.3.3.6  Independent or complementary channel Operation..............cccueevueerieerieeniiereenieeiiesee e 955
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27.4

28.1

28.2

27.3.3.7 Deadtime inSertion 10ZIC........coceevuiriiririiniiienieiienitcieeteeet e

27.3.3.8  Fractional delay 10ZIC........ccovueiriiiiiiiiiiriieiecit ettt

27.3.3.9  OULPUL LOZIC..eeviriiiiiiiieieieietetet ettt

27.3.3.10 E-CaPUUIE....eiotiiiiriiiiiiitenieetesie ettt sttt ettt ettt et ettt et st bbb e i e

27.3.3.11 Fault PrOtECON. ..ccutiiiiiiieiieeiee sttt ettt ettt st sbe e st esaee s

27.3.3.12 PWM generator 10ading..........ccoueeierieieniieienieee st
27.3.4  POWET INOULS ...ouvieniiiiiiieitetteiteete ettt ettt ettt sttt ettt et sbt et st esae e e e sbeeabesbeennenaeens
27.3.5  CIOCKINZ. .t eutteiteeiteite ettt ettt ettt ettt et st e eb e st e bt e s it e e bt e eab e e bt e sabe e bt e sabeenseesaneen
27.300  RESELS .ttt ettt ettt ettt bt et h et e h et e ea et e ea e et ente bt entenneentenaean
2737 TIEEITUPLS. ¢ttt ettt ettt ettt et b et s be et s bt e bt e bt e s bt es b e s bt eabe s bt et be et e ebeeaeeae
27.3.8  DIMA ..ottt h et e h bttt b ettt nen
EXEINAl STZNALS ...utetieiieiiett ettt ettt e et ettt e h et e h e b et e bt a et e e enes
27.4.1 PWM_An and PWM_Bn - External PWM OUtPUL PAITL......ccceereriinernieniiieniieienieieeieeiene
27.4.2 PWM_Xn - Auxiliary PWM output SiNal.........cceoviiiviiiriiinieniiiieeieeee et
27.4.3  FAULTN - Fault INPULS....c..oitiiiiiieiieieie ettt
27.4.4 EXT_SYNC - External synchronization signal.........c..ccccceeevieriinineeninencnienceiene e
27.4.5 EXT_FORCE - External output force signal............ccooueiviiiriiiiiiniiiiienieeieseeeeeseeeieee
27.4.6 PWMn_EXTA and PWMn_EXTB - Alternate PWM control signals...........c.ccecevvenuennnne.
27.4.7 PWMn_OUT_TRIGO and PWMn_OUT_TRIGI - Output triggers........ccoccevvererruereecuennenns
27.4.8 PWM[n]_MUX_TRIGO and PWM[n]_MUX_TRIG1 - Output triggers.......c..ccceeverrueeruuenns

27.49 EXT_CLK - External clock SiNal..........ccoocieiiiriiiiiriiiiiieieciee e

Chapter 28
Quad Timer (TMR)

O VEIVIBW ...ttt ettt et et et et et st e et s he e et e a e e bt eae et e es e et e ea e e bt em e e bt emteebeenbeeseenseemeebesmeenbeeneebeeneenseans
28. 1.1 BlOCK dIAZIAIM..c..iiuiiiiiiiiiiiiieiietceeec ettt sttt et et e
28.1.2  FRALUIES....c.eiuiiuiiiiiiiiieiic e s
FUunctional deSCIIPLION. .....ce.uiitieiiitieie ettt ettt ettt et et e s bt e e e bt e beeseenbeeneeeneenes
28.2.1  GENEIAL ...t et

28.2.2  Usage Of COMPATE TEZISIETS. cc.uveeuieririeriieniieetieeteeteesiteetee sttt e bt e site e bt e satesabeesatesbeesabeeseesaeen
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28.2.3  Usage of comPare L0ad TEEISTETS. ....c..evutirtiriiiiriiertieitenttete sttt ettt ettt et s et bt e et sbee et saeenaesanenbeas 985

28.2.4  UsSAZe Of the CAPIUIE TEZISIET....ccuveeutieiiiieiieeite ettt ettt sttt e bt e bt e st et e e s s teeabeesbbeeabeesbbesabeebeesabeanseesaseas 986

28.2.5  MOAES OF OPCIALION. ....cueiutiuieniiuieiiiiteitetteit ettt ettt ettt sttt ettt et ettt e st ea e bt bt sbe et b sae st et ae e e e ennennennen 986
28.2.5.1  Functional MOME..........cceiiiiiiiiiiiiiiiicieec ettt 986

28.2.0  CIOCKINIZ. .eeiutteiteeiteeite ettt ettt ettt ettt et e bt et esate st esabeea bt e sbbeeab e e bt e e st e e st e sabeessbeeabeesbbeenbeenbtesabeenneeeates 999
28.2.0.1  GENCIAL ...ttt ettt bbbt ettt h et e a e e e bt et e bt et e abeenteeneens 1000

28.2. 7T  RESELS. .ttt e bbbttt et et b e et 1000
282771 GENETAL......oiuiiiiiiiiiiiiiici s 1000

28.2.8  TILETTUPES. ¢ ettt ettt ettt e b et e b et eat et e s et e et esa et e bt e eht e e bt e e st e et e esab e e bt esb et e bt e bt e ebeenbaeears 1000
28.2.8.1  GENETAL...uoiiiiiiiiiiiiiiie et 1000

28.2.8.2  Description of INterrupt OPEIation.........cc.eeeueriierieiiitenieeiiiesteeieesteeteesteereesiteeseesieesbeeseesane 1001

28.2.9  DIMA .. ettt h e a et b a ettt ettt a bttt b e sae et be e se e 1002

28.3  EXIEINAL STZNALS....cuiiuiiiiiiiiiiiiititete ettt ettt et h et h et b et h et eb e a e eht e bt et sbeenbesbe e b sanens 1002
28.4  Memory map/TeZiSter AEFINTION. ...c...eiitiiiiiiitititiete ettt ettt st et st e bt e et e bt e sabe e bt esabe e bt e sateebeesaneenne 1003
28.4.1  TMR re@IiSter AESCIIPIONS. c..ceuvieuietieiieteeiie st ette et et et eat et e e et e b e et e e bt eseesbeeaeesbeeseesbeeseeabeensenbeensenbeenseaneeneens 1003
28.4.1.1  TMR MEMOTY INAP..c..tetieiteiieitinieetenie ettt et sttt sttt et e bt ebt et e bt et e eatesaeestesbeestesbeenaesbeensesbeennens 1003

28.4.1.2  Timer Channel Compare Register 1 (COMP10 - COMP13)......ccciiriiiiniiniiiiiiiiiiiceeeeeeeen 1004

28.4.1.3  Timer Channel Compare Register 2 (COMP20 - COMP23)......ccccooiiiiriiniiiinieeeeeeeeeeenen 1005

28.4.1.4 Timer Channel Capture Register (CAPTO - CAPT3)...cccoiiiiiiiiiniiiieicieeeeeescee e 1006

28.4.1.5 Timer Channel Load Register (LOADO - LOAD3)....cccuiiiiiiiiiienieeiieeieete e 1007

28.4.1.6  Timer Channel Hold Register (HOLDO - HOLD3)........cctiiiiiiiiiiiieieeee e 1007

28.4.1.7 Timer Channel Counter Register (CNTRO - CNTR3)......ccccooiiiiniininiiiinicienieieeecceeeene 1008

28.4.1.8  Timer Channel Control Register (CTRLO - CTRL3)....ccccceeoiiiiiiriiiieiiieieecieeeeeeeeeeeeeene 1009

28.4.1.9 Timer Channel Status and Control Register (SCTRLO - SCTRL3)......cccceiirienirienieiereeieeee 1011

28.4.1.10 Timer Channel Comparator Load Register | (CMPLDI10 - CMPLDI13)......cccccocevviininiiininnnene 1013

28.4.1.11 Timer Channel Comparator Load Register 2 (CMPLD20 - CMPLD23).....cccccccceeviiriiiennennenne 1014

28.4.1.12 Timer Channel Comparator Status and Control Register (CSCTRLO - CSCTRL3).................. 1014

28.4.1.13 Timer Channel Input Filter Register (FILTO - FILT3)...cc.ccccovviiiiiniiiiiiiiiiieenieeneceeeeiene 1016

28.4.1.14 Timer Channel DMA Enable Register (DMAQ - DMA3)......ccoiiiiiiiiiiinieiiteieeeeeee e 1018
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Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of
MCS56F81xxx series of digital signal controller (DSC) devices.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using these devices in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix 0b.

Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.
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Conventions

1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example Description

placeholder, x Items in italics are placeholders for information that you provide. Italicized text is also used for
the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width type
is also used for example code. Instruction mnemonics and directives in text and tables are
shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the
Scaling Mode (SCM) field in the Status Register (SR).
REVNOI[6:4], XAD[7:0] Numbers in brackets and separated by a colon represent either:

¢ A subset of a register's named field

For example, REVNQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 60 of the REVNO register.

* A continuous range of individual signals of a bus
For example, XADI[7:0] refers to signals 7—0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
¢ An active-low signal is asserted when low (0).

deasserted Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
* An active-low signal is deasserted when high (1).

In some cases, deasserted signals are described as negated.

reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.

wic Write 1 to clear: Refers to a register bitfield that must be
written as 1 to be "cleared."
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Chapter 2
Introduction

2.1 Target Applications

MCS56F81xxx 1s a low cost family that are especially useful for industrial control, motion
control, home appliances, general-purpose inverters, smart sensors, fire and security
systems, switched-mode power supply, power management, wireless charging, UPS,
Solar inverter, and medical monitoring applications.

2.2 System Block Diagram
NOTE

The following figure shows the maximum memory
configurations supported.
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System Block Diagram
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Chapter 2 Introduction

2.3 Product Family

See the device datasheet for detailed feature table and comparison, as well as the pinout
information.
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Chapter 3
Memory Map

3.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one contiguous memory space.

3.2 Program/Data Memory Maps

The 56800EX core processor is word addressed for the program memory space where a
word is 16 bits. Separate memory maps are supported for program space accessed by the
Program Data Bus (PDB) and for data space accessed by the primary and secondary data
bus (XDB1, XDB2).

NOTE
BothTable 3-1 and Table 3-2 include:
* Primary program/data flash/Boot ROM
* Program/data RAM /data ROM

Each of these memories consists of a single physical flash
memory that is mirrored across the program and data memory

maps.
Table 3-1. Program Memory Map with Large program RAM address mode - (Used by core
PDB)
Range Size (Words) | Use
0x00_0000-0x00_FFFF 64KW Primary program/data flash array
0x01_0000-0x05_FFFF 320KW Reserved
0x06_0000-0x06_27FF 10KW Program/data RAM ( mapped from data memory
space 0x00_0000-0x00_27FF)!
0x06_2800-0x07_7FFF 86KW Reserved
0x07_8000-0x07_FFFF 32KW BOOT ROM?

Table continues on the next page...
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Core and System Peripheral Memory Map

Table 3-1. Program Memory Map with Large program RAM address mode - (Used by core
PDB) (continued)

Range Size (Words) | Use
0x08_0000-0x1F_FFFF 1536KW Reserved

1. In order to utilize 19bit address mode, RAM is placed in address range below 0x08_0000
2. In order to utilize 19bit address mode, Boot ROM is placed in address range below 0x08_0000

Table 3-2. Data Memory Map- (Used by core XDB1, XDB2)

Range Size (Words) | Use

0x00_0000-0x00_27FF 10KW Program/data RAM

0x00_2800-0x00_7FFF 22KB Reserved

0x00_8000-0x00_BFFF 16KW Primary program/data flash ( Mapped from
program memory space 0x00_CO000 -
0X00_FFFF)

0x00_C000-0x00_DFFF 8KW Core and system peripherals

0x00_EO000-0x00_FFFF 8KW Slave peripherals

0x01_0000-0x01_FFFF 64KW Reserved

0x02_0000-0x02_FFFF 64KW Primary program/data Flash ( Mapped from
program memory space 0x00_0000 -
0X00_FFFF)

0x03_0000-0x07_FFFF 320KW Reserved

0x07_8000-0x07_FFFF 32KW BOOT ROM / DATA ROM (Mapped from
program memory space 0x07_8000 -
0X07_FFFF)

0x08_0000-0xFF_FEFF 15.5MW Reserved

OxFF_FFO0-OxFF_FFFF 128W EONCE registers

Flash is mapped into data memory space from 0x00_8000 to 0x00_BFFF and
0x02_0000-0x02_FFFF. Access of data flash is 25 MHz.

BOOT ROM is mapped into data memory space from 0x07_8000 to 0xO7_FFFF. Access
of data ROM is 50 MHz at normal CPU mode and 100 MHz at fast CPU mode.

3.3 Core and System Peripheral Memory Map

The core and system peripheral memory map is the portion of the data-space memory
map assigned to core and system peripherals.

Table 3-3. Memory Map for On-Platform Peripherals

Peripheral Base Address (in words) Size (in words)
Core Configuration MCM 0x00_c000 512w

Table continues on the next page...
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Chapter 3 Memory Map

Table 3-3. Memory Map for On-Platform Peripherals (continued)

Peripheral Base Address (in words) Size (in words)
Reserved 0x00_c200 512w
Reserved 0x00_c400 512w
Reserved 0x00_c600 512w
eDMAZ2 - Control/Status/Error/priority register array 0x00_c800 512w
0x00_ca00 512w
0x00_cc00 512w
0x00_ce00 512w
eDMAZ2 - TCD array 0x00_d000 512w
0x00_d200 512w
0x00_d400 512w
0x00_d600 512w
Reserved 0x00_d800 512w
Reserved 0x00_da00 512w
Reserved 0x00_dc00 512w
Platform Flash Controller (PFLSHC) 0x00_de00 512w

3.4 Slave Peripheral Memory Map

The slave peripheral memory map is the portion of the data-space memory map assigned

to slave peripherals.

Table 3-4. Memory Map for Slave Peripherals

Peripheral Instance Name Basevl:g'%rse)ss (in Size (in words)
12-bit DAC DAC 0x00_e000 16
Reserved 0x00_e010 16
Comparator (with 8-bit reference DAC) CMPA 0x00_e020 8
Comparator (with 8-bit reference DAC) CMPB 0x00_e028 8
Comparator (with 8-bit reference DAC) CMPC 0x00_e030 8
Comparator (with 8-bit reference DAC) CMPD 0x00_e038 8
Reserved 0x00_e040 32
Operational Amplifier A OPAMPA 0x00_e060 8
Operational Amplifier B OPAMPB 0x00_e068 8
Reserved 0x00_e070 16
Queued Serial Communications Interface module QSCIo 0x00_e080 16
Queued Serial Communications Interface module QSCH 0x00_e090 16
Reserved 0x00_e0a0 16

Table continues on the next page...
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Slave Peripheral Memory Map

Table 3-4. Memory Map for Slave Peripherals (continued)

Peripheral Instance Name Basevl:;!l%r:)ss (in Size (in words)
Queued Serial Peripheral Interface module QSPI 0x00_e0b0 16
Reserved 0x00_e0c0 32
Programmable Interval Timer PITO 0x00_e100 16
Programmable Interval Timer PIT1 0x00_e110 16
Reserved 0x00_e120 32
General Purpose Timer TMRAO 0x00_e140 16
General Purpose Timer TMRA1 0x00_e150 16
General Purpose Timer TMRA2 0x00_e160 16
General Purpose Timer TMRA3 0x00_e170 16
Reserved 0x00_e180 64
Quadrature Decoder QDbC 0x00_e1cO 32
Reserved 0x00_e1e0 32
General Purpose /0 GPIOA 0x00_e200 16
General Purpose I/0 GPIOB 0x00_e210 16
General Purpose 1/0 GPIOC 0x00_e220 16
General Purpose /0 GPIOD 0x00_e230 16
General Purpose I/0 GPIOE 0x00_e240 16
General Purpose 1/0 GPIOF 0x00_e250 16
Reserved 0x00_e260 64
Power Management Controller PMC 0x00_e2a0 16
On-chip Clock Control System OCCs 0x00_e2b0 16
Reserved 0x00_e2c0 64
Interrupt Controller INTC 0x00_e300 32
Windowed Computer Operating Properly WCOP 0x00_e320 16
External Watchdog Monitor EWM 0x00_e330 16
Inter-Peripheral Crossbar Switch XBAR 0x00_e340 64
Event Generator EVTG_A 0x00_e380 8
Event Generator EVTG_B 0x00_e388 8
Event Generator EVTG_C Oxxx_e390 8
Event Generator EVTG_D 0x00_e398 8
Cyclical Redundancy Check CRC 0x00_e3a0 16
eDMA input Multiplex0 DMA_MUX 0x00_e3b0 4
Reserved 0x00_e3b4 12
Flash Memory interface FTFA 0x00_e3c0 48
Reserved 0x00_e3f0 16
System Integration Module SIM 0x00_e400 128
LP Inter-Integrated Circuit module LPI12CO 0x00_e480 64
LP Inter-Integrated Circuit module LPI2CA 0x00_e4CO 64
12-bit Cyclic ADC ADC_CYC 0x00_e500 128

Table continues on the next page...
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Table 3-4. Memory Map for Slave Peripherals (continued)

Peripheral Instance Name Base Address (in Size (in words)
words)

Reserved 0x00_e580 128

Pulse Width Modulator with nano-edge eFlexPWMA 0x00_e600 256

placement

Reserved 0x00_e700 6400

MC56F81xxxL Reference Manual, Rev. 3, 04/2025

75

NXP Semiconductors



A ————
Slave Peripheral Memory Map

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
76 NXP Semiconductors




Chapter 4
Clock Distribution

4.1 Overview

Clock generation is performed by two modules: On-Chip Clock Synthesis (OCCS) and
System Integration Module (SIM). OCCS generates the clocks and SIM controls the
distribution of the clocks to different circuitry. CPU and associated memories are able to
operate in either normal system clock rate which is maximum 50MHz, or fast system
clock rate which is two times normal system clock rate.

The OCCS encapsulates all on-chip oscillators, a crystal oscillator and a PLL. Its role is
to provide to the SIM module a master clock (MSTR_2X_CLK) running at two times the
system clock (SYS_CLK) rate. The OCCS's internal oscillators are also outputs to
WCOP, EWM and PIT modules for use as secondary clock sources. A range of 160MHz
~ 240MHz clock from PLL is directly provided to eFlexPWM NanaEdge if it 1s
implemented in device.

The OCCS module includes:
e 8 MHz / 2 MHz Internal Reference Clock (IRC) oscillator
e 200 kHz internal reference clock (IRC) oscillator
* 8 MHz to 16 MHz crystal oscillator
* Phase lock loop (PLL) with lock detection
* Loss of reference clock detection

The SIM uses the MSTR_2X_CLK clock from OCCS to generate all system and
peripheral bus clocks for the device. The MSTR_2X_CLK clock is divided by two to
generate SYS_CLK. MSTR_2X_CLK clock also generates BUS_CLK for clocking the
peripherals, which either is divided by two from MSTR_2X_CLK when CPU operates at
normal system clock rate, or is divided by four from MSTR_2X_CLK when CPU
operates at fast system clock rate. A fast speed peripheral bus clock (BUS_2X_CLK)
which is two times bus clock rate is also available. The following peripherals can select
clock rate in the SIM module between BUS_CLK and BUS 2X CLK:

* Quad Timer (TMR)

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 77




Clock Distribution

* Queued SCIs (QSClIs)

* Quadrature Decoder (QDC)
e eFlexPWM/FlexPWM

* LPI2C Functional clock

Table 4-1. Clock Summary

Clock Description Originate Comments
Normal mode Fast speed mode
MSTR_2X_CLK Master Clock OCCS (upto 100MHz) | OCCS (Upto 200MHz) |Maximum frequency
governed by PLL and
postscaler of OCCS
SYS_CLK System Clock MSTR_2X_CLK /2 MSTR_2X_CLK /2 |Maximum frequency
governed by the master
clock
BUS_CLK Bus Clock MSTR_2X_CLK /2 MSTR_2X_CLK /4 |Up to 50MHz at both
modes
NOTE: also called
IPBus Clock in
peripheral
modules
BUS_2X_CLK High Speed Bus Clock MSTR_2X_CLK MSTR_2X_CLK /2 |Up to100MHz at both
modes
CPU_CLK CPU clock SYS_CLK SYS_CLK For CPU and
associated memories
PWM_2X_CLK NanoEdge PWM Clock PLL PLL 160MHz to 240MHz
FroscsMHz High Speed IRC Clock 8MHz IRC 8MHz IRC 8MHz (Typ)
Frosc200k Low Speed IRC Clock 200KHz IRC 200KHz IRC 200KHz (Typ)
Feosc Crystal Oscillator Clock Crystal Oscillator Crystal Oscillator 4MHz to 16MHz

4.2 Clock Distribution

Custom system and peripheral bus clocks are output by SIM and consumed by the
various peripherals and system-level modules for which they are intended. Some modules
can be selected in SIM to operate at 2X bus clock (BUS_2X_CLK). No matter operating
at bus clock or 2X bus clock, the module register accesses are always at bus lock rate.
The following table summarizes the clocks that can be used by each of the modules.

Table 4-2. Clock Distribution

Module Primary clock Additional Clocks Comments
Normal | High Speed
System
INTC SYS_CLK
eDMA BUS_CLK

Table continues on the next page...
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Table 4-2. Clock Distribution (continued)

SIM BUS_CLK
WCOP BUS_CLK Frosc8Mhz Additional clock selection
F 000200 is in module
FCOSC
EWM BUS_CLK Froscsihz Additional clock selection
Fros0200K is in module
Foosc
CRC BUS_CLK
EVTG BUS_CLK
XBAR BUS_CLK
Human-Machine Interface (HMI)
GPIO BUS_CLK |
Analog
PMC BUS_CLK
ADC BUS_CLK
DAC BUS_CLK
HCMP BUS_CLK
OPAMP BUS_CLK
Timers
eFlexPWM BUS_CLK BUS_2X_CLK PWM_2X_CLK NanoEdge can only be
operated when primary
clock is configured to
BUS_2X_CLK in SIM.
TMR BUS_CLK BUS_2X_CLK Clock selection is in SIM
QDC BUS_CLK BUS_2X_CLK Clock selection is in SIM
PIT32 BUS_CLK FroscaMhz Clock selection is in
Frosca00k module
FCOSC
Communication Interfaces
QSPI BUS_CLK
QSCI BUS_CLK BUS_2X_CLK Clock selection is in SIM
LPI2C BUS_CLK BUS_2X_CLK Clock selection is in SIM

4.3 Dual speed clock modes
Following are the clocking modes.
1. Normal mode: In this mode core:system:bus frequency ratio is maintained at 1:1:1
(each 50 MHz max).
2. Fast mode: In this mode core:system:bus frequency ratio is maintained at 2:2:1
(maximum core frequency is 100 MHz).
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4.3.1 Sequence involving Run mode switching

The run mode switching must follow a sequence; the violation of the sequence may cause
the flash access clock frequency exceeding the specifications defined, which is maximum
25 MHz.

* Normal mode to fast mode switching sequence
a. Set SIM_MISCO[FAST_MODE] to set ratio of core and bus to 2:1.
b. Issue a software reset by writing 1 to SIM_CTRL[SWRST].
c. Core clock frequency can be increased beyond 50 MHz by updating PLL clock
output.
* Fast mode to normal mode switching sequence
a. Core clock frequency must be reduced to below 50 MHz by updating PLL clock
output.
b. Clear SIM_MISCO[FAST_MODE] to set ratio of core and bus to 1:1.
c. Issue a software reset by writing 1 to SIM_CTRL[SWRST].

NOTE

* Power-on-reset causes the chip to start up from the normal
mode. Then the run mode is corresponding with
SIM_MISCO[FAST_MODE], after software reset.

* Other type of reset, such as pin reset or COP reset, causes
the chip to start up from the current run mode. E.g. if the
current run mode is fast mode, it will still be fast mode
after such reset.
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Chapter 5
ROM Bootloader

5.1 Chip-specific Information

This chapter describes only part of the information for your device's specific ROM
Bootloader. For more detailed information and explanations of how the ROM Bootloader
works, refer to the Bootloader Reference Manual.

5.1.1 Bootloader Peripheral Pinmux

This device has various peripherals (such as UART, I2C) supported by the ROM
Bootloader. To use an interface for bootloader communications, the peripheral must be
enabled in the BCA, see the "Bootloader Configuration Area (BCA)" section. If the BCA
is invalid (such as all OxFF bytes), then all peripherals will be enabled by default. The
following table shows the pins used by the ROM Bootloader.

Table 5-1. Bootloader Peripheral Pinmux (for 64-pin or 48-pin package)

Peripheral Instance Alt Mode Pins
UART/SCI 0 0 GPIOC2, QSCI0_TXD
2 GPIOC3, QSCI0O_RXD
UART/SCI 1 2 GPIOC11, QSCI1_TXD
2 GPIOC12, QSCI1_RXD
LPI2C 0 0 GPIOC14, LPI2C0_SDA
0 GPIOC15, LPI2C0_SCL

Table 5-2. Bootloader Peripheral Pinmux (for 32-pin package )

Peripheral Instance Alt Mode Pins
UART/SCI 0 0 GPIOC2, QSCI0_TXD

Table continues on the next page...
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Table 5-2. Bootloader Peripheral Pinmux (for 32-pin package ') (continued)

Peripheral Instance Alt Mode Pins
2 GPIOC3, QSCI0_RXD
LPI2C 0 2 GPIOF2, LPI2C0O_SDA
2 GPIOF3, LPI2C0_SCL

1. The 32 LQFP and 32 QFN packages for this product are not yet available. However, the pin-out and pricing information of
these packages are readily available. These devices are then committed for sampling and production based on customer
demand.

5.1.2 Bootloader Memory Access

While executing, the Bootloader uses the following address ranges in ROM and RAM
memory:
e 0x07_8000 — 0x07_BFFF (Boot ROM, 16 K Words)
* 0x00_0000 — 0x00_09CO0 ' (RAM in Data memory map space), but this part of RAM
can still be utilized in the user application.

5.2 Introduction

The bootloader is the program residing in the on-chip read-only memory (ROM) of a
microcontroller device. There is hardware logic in place at boot time that either starts
execution of an embedded image available on the internal flash memory, or starts the
execution of the Bootloader from on-chip ROM.

The Bootloader’s main task is to provision the internal flash memory with an embedded
firmware image during manufacturing, or at any time during the life of the device. The
Bootloader does the provisioning by acting as a slave device, and listening to various
peripheral ports where a master can start communication.

For the device, the Bootloader can interface with LPI2C, and UART/SCI peripherals in
slave mode and respond to the commands sent by a master (or host) communicating on
one of those ports. The host/master can be a firmware-download application running on a
PC or an embedded host communicating with the Bootloader. Regardless of the host/
master (PC or embedded host), the Bootloader always uses a command protocol to
communicate with that host/master. Commands are provided to write to memory (internal
flash or RAM), erase flash, and get/set bootloader options and property values. The host
application can query the set of available commands.

1. In byte addressing. Users can get ROM reserved region by the command get-property 12.
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On start-up, the bootloader reads optional configuration parameters from a fixed area on
flash called the bootloader configuration area (BCA). These parameters can be modified
by the write memory command or by downloaded flash image. BCA parameters include

configuration data such as enabled peripherals, peripheral-specific settings, etc.

This chapter describes Bootloader features, functionality, command structure and which

peripherals are supported.

Features supported by the Bootloader in ROM:
* Supports LPI2C, and UART/SCI peripheral interfaces

Automatic detection of the active peripheral
Ability to disable any peripheral
UART peripheral implements autobaud

* Common packet-based protocol for all peripherals

Packet error detection and retransmission
Flash-resident configuration options
Fully supports internal flash security, including ability to mass erase or unlock

security via the backdoor key

application control at runtime

Supports internal flash

Protection of RAM used by the bootloader while it is running
Provides command to read properties of the device, such as flash and RAM size
Multiple options for executing the bootloader either at system start-up or under

Table 5-3. Commands supported by the Bootloader in ROM

Command Description When flash security is
enabled, then this command is
Execute Run user application code that never returns control to |Not supported
the bootloader
FlashEraseAll Erase the entire flash array Not supported
FlashEraseRegion Erase a range of sectors in flash Not supported
WriteMemory Write data to memory Not supported
ReadMemory Read data from memory Not supported
FlashProgramOnce Writes data provided in a command packet to a Not supported
specified range of bytes in the program once field
FlashReadOnce Returns the contents of the program once field by Not supported
given index and byte count
FlashReadResource Returns the contents of the IFR field or Flash Version |Not supported
ID, by given offset, byte count and option
FlashSecurityDisable Attempt to unlock flash security using the backdoor Supported
key
GetProperty Get the current value of a property Supported

Table continues on the next page...
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Table 5-3. Commands supported by the Bootloader in ROM (continued)

Command Description When flash security is
enabled, then this command is
Reset Reset the chip Supported
FlashEraseAllUnsecure Erase the entire flash array, including protected Supported
sectors

5.3 Functional Description

The following sub-sections describe the Bootloader in ROM functionality.

5.3.1 The Bootloader Configuration Area (BCA)

The Bootloader reads data from the Bootloader Configuration Area (BCA) to configure
various features of the bootloader. The BCA resides in flash memory at offset 0x3C0, and
provides all of the parameters needed to configure the Bootloader operation. For
uninitialized flash, the Bootloader uses a predefined default configuration. A host
application can use the Bootloader to program the BCA for use during subsequent
initializations of the bootloader.

Table 5-4. Configuration Fields for the Bootloader

Offset Size (bytes) Configuration Field Description
0x00 - 0x03 4 tag Magic number to verify bootloader
configuration is valid. Must be set to
'kefg'.
0x04 - 0x07 4 crcStartAddress Start address for application image

CRC check. To generate the CRC,
refer to the CRC chapter. If the bits
are all set then bootloader by default
will not perform any CRC check.

0x08 - 0x0B 4 crcByteCount Byte count for application image CRC
check. If the bits are all set then
bootloader by default will not perform
any CRC check.

0x0C - OxOF 4 crcExpectedValue Expected CRC value for application
CRC check. If the bits are all set then
bootloader by default will not perform
any CRC check.

0x10 1 enabledPeripherals Bitfield of peripherals to enable.
bit 0 UART
bit 1 LPI2C

Table continues on the next page...

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
84 NXP Semiconductors




Chapter 5 ROM Bootloader

Table 5-4. Configuration Fields for the Bootloader (continued)

Offset Size (bytes) Configuration Field Description
bootloader will enable the peripheral if
corresponding bit is set to 1.

Ox11 1 i2cSlaveAddress If not OXFF, used as the 7-bit 12C
slave address. If OxFF, defaults to
0x10 for 12C slave address

0x12 - 0x13 2 peripheralDetectionTimeout Timeout in milliseconds for active
peripheral detection. If OXFFFF,
defaults to 5 seconds.

0x14 - 0x15 2 - Reserved

0x16- 0x17 2 - Reserved

0x18 - Ox1B 4 - Reserved

0x1C 1 Reserved -

0x1D 1 Reserved -

Ox1E 1 bootFlags One's complement of direct boot flag.
OxFE represents direct boot.

Ox1F 1 Reserved -

0x20 - 0x23 4 Reserved -

0x24 - 0x27 4 Reserved -

0x28 1 Reserved -

0x29 - Ox2F 7 Reserved -

0x30 - 0x33 4 Reserved -

0x34 - Ox3F 12 Reserved -
NOTE

The flash sector containing the BCA should not be located in
the execute-only region, because the bootloader cannot read an

execute-only region.

The first configuration field 'tag' is a tag value or magic number. The tag value must be
set to 'kcfg' for the bootloader configuration data to be recognized as valid. If tag-field
verification fails, then the Bootloader assumes that the flash is not initialized and uses a
predefined default configuration (all as OxFF). The tag value is treated as a character
string, so bytes 0-3 must be set as shown in the table.

Table 5-5. tag Configuration Field

Offset tag Byte Value
0 'k' (0x6B)
1 'c' (0x63)
2 'f' (0x66)
3 'g' (0x67)
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5.3.2 Start-up Process
The following condition will force the hardware to start the Bootloader:

* Any type of reset.
A user applications running on flash or RAM calls into the Bootloader entry point
address in ROM, through the bootloader tree located starting from 0x78100.

The FOPT register determines the power mode of boot. The FOPT register is loaded from
the flash configuration field at address 0x40D in flash memory. For more details, see the
"FOPT Register" section for the Flash Memory Module configuration.

When the ROM is executed out of reset, vector fetches from the CPU are redirected to
the ROM's vector table in ROM memory at offset 0x07_8000. This ensures that any
exceptions will be handled by the ROM.

After the Bootloader has started, the following procedure starts bootloader operations:

1. Initializes the bootloader's .data and .bss sections.

2. Reads bootloader configuration data from flash at address 0x3CO (Byte address). The
configuration data is only used if the tag field is set to the expected 'kcfg' value. If the
tag is incorrect, then the configuration values are set to default, as if the data was all
OxFF bytes.

ROM runs at internal 50 MHz at normal mode (default) and 100 MHz at fast mode.
Enabled peripherals are initialized.

After coming out of reset, the ROM bootloader initializes all peripherals, looks to see
if a valid application is in flash (see Verifying the application in flash using CRC-32
for more details), then auto-detects any peripheral activities within a peripheral detect
timeout period.

Nk w

#define BL_DEFAULT PERIPHERAL DETECT TIMEOUT 5000 // 5s

Before the BL_DEFAULT_PERIPHERAL_DETECT_TIMEOUT expires and even
if a valid application exists in flash, the ROM bootloader still runs the automatic
peripheral detection. After the
BL_DEFAULT_PERIPHERAL_DETECT_TIMEOUT time period expires:
* If no active peripherals are detected but there is a valid application in flash, then
the ROM bootloader jumps to the application.
* If no active peripherals are detected and there is no valid application in flash,
then the ROM bootloader continues to auto-detect peripherals activities.

2. ROM assumes the default application is at flash 0x0000. This is initial ROM starts. For user application which
is on address (flash or RAM) other than 0x0000 flash address, user can use EXECUTE command to specify
jump address and start running user application. See EXECUTE command for more details.
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Enter bootloader

Initialize the hardware

v

Load user config data

v

Configure clocks

Initialize Aash, property and
memory interface

Initialize UARTn, LPI2Cn
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application
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v
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Figure 5-1. Bootloader Start-up Flowchart
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5.3.3 Bootloader Entry Point / API Tree

To run the Bootloader, a user application simply calls the runBootloader function. To get
the address of the entry point, the user application reads the word containing the pointer
to the bootloader API tree at ROM 0x78100.

The bootloader API tree is a structure that contains pointers to other structures, which
have the function and data addresses for the bootloader. The bootloader entry point is
always the 1st word of the API tree.

typedef struct bootloader api tree
void (*runBootloader) (void *arg) ; //'< Function to start the bootloader
executing.

const flash driver interface t *flashDriver; //!< Flash driver API.
} bootloader api tree t;

The prototype of the entry point is:
void run bootloader (void * arg) ;

The arg parameter is currently unused, and is intended for future expansion (for example,
passing options to the bootloader). To ensure future compatibility, a value of NULL
should be passed for arg.

Example: code to get the entry pointer address from the ROM and start the bootloader.

NOTE
This entry must be called in supervisor (privileged) mode.

#define BOOTLOADER_TREE_LOCATION (0x78100UL)
#define API_TREE ((bootloader_api_tree_t*)BOOTLOADER_TREE_LOCATION)

API TREE->runBootloader (0) ;

5.3.4 Bootloader Protocol

This section explains the general protocol for the packet transfers between the host and
the Bootloader. The description includes the transfer of packets for different transactions,
such as commands with no data phase and commands with incoming or outgoing data
phase. The next section describes various packet types used in a transaction.

Each command sent from the host is replied to with a response command.

Commands may include an optional data phase:
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« If the data phase is incoming (from host to bootloader ), then the data phase is part of
the original command.
* If the data phase is outgoing (from bootloader to host), then the data phase is part of
the response command.

NOTE
In all protocols (described in the next subsections), the Ack sent
in response to a Command or Data packet can arrive at any time
before, during, or after the Command/Data packet has
processed.

5.3.4.1 Command with no data phase

The protocol for a command with no data phase contains:
* Command packet (from host)
* Generic response command packet (to host)

Host Target

Command

Process command

Figure 5-2. Command with No Data Phase

5.3.4.2 Command with incoming data phase
The protocol for a command with an incoming data phase contains:
* Command packet (from host)
* Generic response command packet (to host)
* Incoming data packets (from host)
* Generic response command packet (to host)
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Host Target
Command
g
ACK
< _______________________
Process command
Initial Response
<
ACK
_______________________ _>
Data packet
>
Process data
ACK
<_ _______________________
| |
Final data packet
g
Process data
ACK
< _______________________
Final Response
<
ACK
_______________________ _>

Figure 5-3. Command with incoming data phase

NOTE

* The host may not send any further packets while it (the
host) is waiting for the response to a command.

* If the Generic Response packet prior to the start of the data
phase does not have a status of kStatus_Success, then the
data phase is aborted.

e Data phases may be aborted by the receiving side by
sending the final Generic Response early with a status of
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kStatus_AbortDataPhase. The host may abort the data
phase early by sending a zero-length data packet.
* The final Generic Response packet sent after the data
phase includes the status for the entire operation.

5.3.4.3 Command with outgoing data phase
The protocol for a command with an outgoing data phase contains:
e Command packet (from host)
* ReadMemory Response command packet (to host) (kCommandFlag_HasDataPhase
set)
* Outgoing data packets (to host)
* Generic response command packet (to host)
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Host Target
Command
ACK
< ______________________
Process command
Initial Response
<
ACK
_______________________ _>
Data packet
¢
Process data
ACK
_______________________ _’
| |
Final data packet
<
Process data
ACK
______________________ _’
Final Response
<
ACK
_______________________ _’

Figure 5-4. Command with outgoing data phase

NOTE

* For the outgoing data phase sequence above, the data phase
is really considered part of the response command.

* The host may not send any further packets while it (the
host) is waiting for the response to a command.

* If the ReadMemory Response command packet prior to the
start of the data phase does not contain the
kCommandFlag_HasDataPhase flag, then the data phase is
aborted.
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» Data phases may be aborted by the host sending the final
Generic Response early with a status of
kStatus_AbortDataPhase. The sending side may abort the
data phase early by sending a zero-length data packet.
* The final Generic Response packet sent after the data
phase includes the status for the entire operation.

5.3.5 Bootloader Packet Types

The Bootloader device works in slave mode. All data communication is initiated by a
host, which is either a PC or an embedded host . The Bootloader device is the target,
which receives a command or data packet. All data communication between host and
target is packetized.

NOTE

The term "target" refers to the " Bootloader device."

There are 6 types of packets used in the device:
* Ping packet
* Ping Response packet
e Framing packet
* Command packet
» Data packet
* Response packet

All fields in the packets are in little-endian byte order.

5.3.5.1 Ping packet

The Ping packet is the first packet sent from a host to the target ( Bootloader), to establish
a connection on a selected peripheral. For a UART peripheral, the Ping packet is used to
determine the baudrate. A Ping packet must be sent before any other communications. In
response to a Ping packet, the target sends a Ping Response packet.

Table 5-6. Ping Packet Format

Byte # Value Name
0 Ox5A start byte
1 0xA6 ping
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Host Target

Ping Packet Ox5A 0xA6

-

Target executes
UART autobaud
if necessary

PingResponse Packet
0x5A A7 00 02 01 50 00 00 AA EA

Figure 5-5. Ping Packet Protocol Sequence

5.3.5.2 Ping Response Packet

The target ( Bootloader) sends a Ping Response packet back to the host after receiving a
Ping packet. If communication is over a UART peripheral, the target uses the incoming
Ping packet to determine the baud rate before replying with the Ping Response packet.
Once the Ping Response packet is received by the host, the connection is established, and
the host starts sending commands to the target ( Bootloader).

Table 5-7. Ping Response Packet Format

Byte # Value Parameter
0 Ox5A start byte
OxA7 Ping response code

Protocol bugfix

Protocol minor

Protocol major

Protocol name = 'P' (0x50)

Options low

Options high
CRC16 low
CRC16 high

Ol N|lo|jo| ||| =
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5.3.5.3 Framing Packet

The framing packet is used for flow control and error detection, and it (the framing
packet) wraps command and data packets as well.

The framing packet described in this section is used for serial peripherals including
UART, I2C, .

Table 5-8. Framing Packet Format

Byte # Value Parameter
0 O0x5A start byte
1 packetType
2 length_low Length is a 16-bit field that specifies the entire
3 length_high command or data packet size in bytes.
4 crc16_low This is a 16-bit field. The CRC16 value covers entire
5 cre16_high framing packet, including the start byte and command
- or data packets, but does not include the CRC bytes.
See the CRC16 algorithm after this table.
6...n Command or Data packet
payload

A special framing packet that contains only a start byte and a packet type is used for
synchronization between the host and target.

Table 5-9. Special Framing Packet Format

Byte # Value Parameter
0 Ox5A start byte
1 O0xAn packetType

The Packet Type field specifies the type of the packet from one of the defined types
(below):

Table 5-10. packetType Field

packetType | Name Description

O0xA1 kFramingPacketType_Ack The previous packet was received successfully; the sending
of more packets is allowed.

0xA2 kFramingPacketType_Nak The previous packet was corrupted and must be re-sent.

0xA3 kFramingPacketType_AckAbort Data phase is being aborted.

0xA4 kFramingPacketType_Command The framing packet contains a command packet payload.

O0xA5 kFramingPacketType_Data The framing packet contains a data packet payload.

0xA6 kFramingPacketType_Ping Sent to verify the other side is alive. Also used for UART
autobaud.

Table continues on the next page...
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Table 5-10. packetType Field (continued)

packetType Name Description

OxA7 kFramingPacketType_PingResponse A response to Ping; contains the framing protocol version
number and options.

CRC16 algorithm:

uintlé t crclé_update(const uint8 t * src, uint32 t lengthInBytes)

{
uint32 t crc = 0;
uint32 t j;
for (j=0; j < lengthInBytes; ++J)
{
uint32 t i;

uint32 t byte = srclj];

A

crc "= byte << 8;
for (i = 0; 1 < 8; ++1)

uint32 t temp = crc << 1;

if (crc & 0x8000)

{

A

temp "= 0x1021;

crc = temp;

}

return crc;
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5.3.5.4 Command packet

The command packet carries a 32-bit command header and a list of 32-bit parameters.

Table 5-11.

Command Packet Format

Chapter 5 ROM Bootloader

Command Packet Format (32 bytes)

Command Header (4 bytes)

28 bytes for Parameters (Max 7 parameters)

Tag Flags |Rsvd |Param |Parami Param2 Param3 Param4 Param5 Paramé Param7
Count |(32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit)
byte 0 |[byte 1 |byte2 |byte 3
Table 5-12. Command Header Format
Byte # Command Header Field

0 Command or Response tag The command header is 4 bytes long, with

] Flags these fields.

2 Reserved. Should be 0x00.

3 ParameterCount

The header is followed by 32-bit parameters up to the value of the ParameterCount field
specified in the header. Because a command packet is 32 bytes long, only 7 parameters

can fit into the command packet.

Command packets are also used by the target to send responses back to the host. As
mentioned earlier, command packets and data packets are embedded into framing packets
for all of the transfers.

Table 5-13. Commands that are supported

Command Name

0x01 FlashEraseAll

0x02 FlashEraseRegion

0x03 ReadMemory

0x04 WriteMemory

0x05 Reserved

0x06 FlashSecurityDisable

0x07 GetProperty

0x08 Reserved

0x09 Execute

0x0A Reserved

0x0B Reset

0x0C Reserved

0x0D FlashEraseAllUnsecure

Table continues on the next page...
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Table 5-13. Commands that are supported (continued)

Command Name
0x0E FlashProgramOnce
OxOF FlashReadOnce
0x10 FlashReadResource
0x11 Reserved
0x12 Reserved

Table 5-14. Responses that are supported

Response Name

0xA0 GenericResponse

0xA3 ReadMemoryResponse (used for sending responses to ReadMemory command
only)

O0xA7 GetPropertyResponse (used for sending responses to GetProperty command only)

OxAF FlashReadOnceResponse (used for sending responses to FlashReadOnce
command only)

0xB0 FlashReadResourceResponse (used for sending responses to
FlashReadResource command only)

Flags: Each command packet contains a Flag byte. Only bit O of the flag byte is used. If
bit O of the flag byte is set to 1, then data packets will follow in the command sequence.
The number of bytes that will be transferred in the data phase is determined by a
command-specific parameter in the parameters array.

ParameterCount: The number of parameters included in the command packet.

Parameters: The parameters are word-length (32 bits). With the default maximum
packet size of 32 bytes, a command packet can contain up to 7 parameters.

5.3.5.5 Data packet

The data packet carries just the data, either host sending data to target, or target sending
data to host. The data transfer direction is determined by the last command sent from the
host. The data packet is also wrapped within a framing packet, to ensure the correct
packet data is received.

The contents of a data packet are simply the data itself. There are no other fields, so that
the most data per packet can be transferred. Framing packets are responsible for ensuring
that the correct packet data is received.
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5.3.5.6 Response packet
The responses are carried using the same command packet format wrapped with framing
packet data. Types of responses include:

* GenericResponse

* GetPropertyResponse

* ReadMemoryResponse

* FlashReadOnceResponse

» FlashReadResourceResponse

GenericResponse: After the Bootloader has processed a command, the bootloader will
send a generic response with status and command tag information to the host. The
generic response is the last packet in the command protocol sequence. The generic
response packet contains the framing packet data and the command packet data (with
generic response tag = 0xAOQ) and a list of parameters (defined in the next section). The
parameter count field in the header is always set to 2, for status code and command tag
parameters.

Table 5-15. GenericResponse Parameters

Byte # Parameter Descripton

0-3 Status code The Status codes are errors encountered during the execution of a
command by the target ( Bootloader). If a command succeeds, then a
kStatus_Success code is returned. Table 5-55, Bootloader Status Error
Codes, lists the status codes returned to the host by the Bootloader for
ROM.

4-7 Command tag The Command tag parameter identifies the response to the command sent
by the host.

GetPropertyResponse: The GetPropertyResponse packet is sent by the target in
response to the host query that uses the GetProperty command. The GetPropertyResponse
packet contains the framing packet data and the command packet data, with the
command/response tag set to a GetPropertyResponse tag value (0xA7).

The parameter count field in the header is set to greater than 1, to always include the
status code and one or many property values.

Table 5-16. GetPropertyResponse Parameters

Byte # Value Parameter
0-3 Status code
4-7 Property value

Table continues on the next page...
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Table 5-16. GetPropertyResponse Parameters (continued)

Byte # Value Parameter

Can be up to maximum 6 property values, limited to the size of the 32-bit
command packet and property type.

ReadMemoryResponse: The ReadMemoryResponse packet is sent by the target in
response to the host sending a ReadMemory command. The ReadMemoryResponse
packet contains the framing packet data and the command packet data, with the
command/response tag set to a ReadMemoryResponse tag value (0xA3), the flags field
set to kCommandFlag_HasDataPhase (1).

The parameter count set to 2 for the status code and the data byte count parameters shown
below.

Table 5-17. ReadMemoryResponse Parameters

Byte # Parameter Descripton
0-3 Status code The status of the associated Read Memory command.
4-7 Data byte count The number of bytes sent in the data phase.

FlashReadOnceResponse:The FlashReadOnceResponse packet is sent by the target in
response to the host sending a FlashReadOnce command. The FlashReadOnceResponse
packet contains the framing packet data and the command packet data, with the
command/response tag set to a FlashReadOnceResponse tag value (0xAF), and the flags
field set to 0. The parameter count is set to 2 plus the number of words requested to be
read in the FlashReadOnceCommand.

Table 5-18. FlashReadOnceResponse Parameters

Byte # Value Parameter
0-3 Status Code
4-7 Byte count to read

Can be up to 20 bytes of requested read data.
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The FlashReadResourceResponse packet is sent by the target in response to the host
sending a FlashReadResource command. The FlashReadResourceResponse packet
contains the framing packet data and command packet data, with the command/response
tag set to a FlashReadResourceResponse tag value (0xB0), and the flags field set to
kCommandFlag_HasDataPhase (1).

Table 5-19. FlashReadResourceResponse Parameters

Byte # Value Parameter
0-3 Status Code
4-7 Data byte count

5.3.6 Bootloader Command API

All Bootloader command APIs follow the command packet format that is wrapped by the
framing packet, as explained in previous sections.

* For a list of commands supported by the Bootloader in ROM, see Table 5-3,
Commands supported.

* For a list of status codes returned by the Bootloader in ROM, see Table 5-55,
Bootloader Status Error Codes.

NOTE
All the examples in this section depict byte traffic on serial
peripherals that use framing packets.

5.3.6.1 Execute command

The execute command results in the bootloader setting the program counter to the code at
the provided jump address. Prior to the jump, the system is returned to the reset state.

The Jump address, and function argument pointer are the parameters required for the
Execute command.

Table 5-20. Parameters for Execute Command

Byte # Command
0-3 Jump address

4-7 Argument word

8-11 Reserved
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The Execute command has no data phase.

Response: Before executing the Execute command, the target ( Bootloader) will validate
the parameters and run CRC check (if CRC parameters are not zero in the image), then
return a GenericResponse packet with a status code either set to kStatus_Success or an
appropriate error status code.

5.3.6.2 Reset command

The Reset command will result in bootloader resetting the chip.

The Reset command requires no parameters.

Host

Reset

O0x5A A4 04 00 6F 46 0B 00 00 00

</ ACK: Ox5A A1

l&«— O0x5A A4 0C 00 F8 0B A0 00 04 02 00 00 00 00 0B 00 00 00

ACK: Ox5A A1

Target

I

I

Process

Command

Generic Response -]

-

Figure 5-6. Protocol Sequence for Reset Command

Table 5-21. Reset Command Packet Format (Example)

Reset Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crcl16 0x6F Ox46

Command packet commandTag 0x0B - reset

flags 0x00
reserved 0x00
parameterCount 0x00

The Reset command has no data phase.
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Response: The target ( Bootloader) will return a GenericResponse packet with status
code set to kStatus_Success, before resetting the chip.

5.3.6.3 GetProperty command

The GetProperty command is used to query the bootloader about various properties and
settings. Each supported property has a unique 32-bit tag associated with it. The tag
occupies the first parameter of the command packet. The target returns a
GetPropertyResponse packet with the property values for the property identified with the
tag in the GetProperty command.

Properties are the defined units of data that can be accessed with the GetProperty
commands. Properties may be read-only or read-write. All read-write properties are 32-
bit integers, so they can easily be carried in a command parameter.

For a list of properties and their associated 32-bit property tags supported by the
Bootloader in ROM, see Table 5-51.

The 32-bit property tag is the only parameter required for GetProperty command.

Table 5-22. Parameters for GetProperty Command

Byte # Command

0-3 Property tag

Host Target

GetProperty: Property tag= 0x01

0x5A A4 0C 00 4B 33 07 00 00 02 01 00 00 00 00 00 00 00
E—

I
ACK: Ox5A A1
«— Process

Command

Generic Response —
0x5A A4 0C 00 F4 9D A7 00 00 02 00 00 00 00 00 06 02 4B

-

Figure 5-7. Protocol Sequence for GetProperty Command

ACK: Ox5A A1
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Table 5-23. GetProperty Command Packet Format (Example)

GetProperty Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x4B 0x33

Command packet commandTag 0x07 — GetProperty

flags 0x00
reserved 0x00
parameterCount 0x02
propertyTag 0x00000001 - CurrentVersion

The GetProperty command has no data phase.

Response: In response to a GetProperty command, the target will send a
GetPropertyResponse packet with the response tag set to 0xA7. The parameter count
indicates the number of parameters sent for the property values, with the first parameter
showing status code 0, followed by the property value(s). The next table shows an
example of a GetPropertyResponse packet.

Table 5-24. GetProperty Response Packet Format (Example)

GetPropertyResponse Parameter Value
Framing packet start byte O0x5A

packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00 (12 bytes)
crc16 0xF4 0x9D

Command packet responseTag O0xA7
flags 0x00
reserved 0x00
parameterCount 0x02
status 0x00000000
propertyValue 0x0006024B - CurrentVersion

5.3.6.4 FlashEraseAll command

The FlashEraseAll command performs an erase of the entire flash memory. If any flash
regions are protected, then the FlashErase All command will fail and return an error status
code. Executing the FlashEraseAll command will release flash security if it (flash
security) was enabled, by setting the FTFA_FSEC register. However, the FSEC field of
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the flash configuration field is erased, so unless it is reprogrammed, the flash security will
be re-enabled after the next system reset. The Command tag for FlashEraseAll command
is 0x01 set in the commandTag field of the command packet.

The FlashErase All command requires no parameters.

Host Target

FlashEraseAll

0x5A A4 08 00 0C 22 01 00 00 01 00 00 00 0

[
ACK: Ox5A A1

4/ Process

Command

_ I —
Generic Response

0x5A A4 0C 00 66 CE A0 00 00 02 00 00 00 00 01 00 00 00

— ACK: Ox5A A1

-

Figure 5-8. Protocol Sequence for FlashEraseAll Command

Table 5-25. FlashEraseAll Command Packet Format (Example)

FlashEraseAll Parameter Value
Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x08 0x00
crc16 * |If MemorylID = 0 (internal flash), then crc16 = 0x0C 0x22
e If MemoryID =1 (QSPI0O memory), then crc16 = 0xB8 0x54
Command packet commandTag 0x01 - FlashEraseAll
flags 0x00
reserved 0x00
parameterCount 0x01
MemoryID * |f MemoryID = 0x00h, then internal flash.
¢ If MemoryID = 0x01h, then QSPIO memory.
NOTE: 0x01h option (QSPI) NOT applicable in this
device.

The FlashEraseAll command has no data phase.
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Response: The target (Bootloader ) will return a GenericResponse packet with status
code either set to kStatus_Success for successful execution of the command, or set to an
appropriate error status code.

Table 5-26. FlashEraseAll Response Status Codes

Status Code Description
kStatus_FLASH_Success (0) Executed successfully
kStatus_FLASH_InvalidArgument (4) Invalid argument
kStatus_FLASH_EraseKeyError (107) Erase key is invalid
kStatus_FLASH_AccessError (103) Invalid instruction codes and out-of bound addresses
kStatus_FTFx_ProtectionViolation (104) The program/erase operation is requested to execute on

protected areas
kStatus_FLASH_CommandFailure (105) Run-time error during the command execution

5.3.6.5 FlashEraseRegion command

The FlashEraseRegion command performs an erase of one or more sectors of the flash
memory .

The start address and number of bytes are the 2 parameters required for the
FlashEraseRegion command. The start and byte count parameters must be 4-byte aligned
([1:0] = 00), or the FlashEraseRegion command will fail and return
kStatus_FlashAlignmentError (0x101). If the region specified does not fit in the flash
memory space, the FlashEraseRegion command will fail and return
kStatus_FlashAddressError (0x102). If any part of the region specified is protected, the
FlashEraseRegion command will fail and return kStatus_MemoryRangelnvalid
(0x10200).

Table 5-27. Parameters for FlashEraseRegion Command

Byte # Parameter
0-3 Start address
4-7 Byte count
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Host Target

FlashEraseRegion: startAddress=0, byteCount=1024
Ox5A A4 10 00 78 06 02 00 00 03 00 00 00 00 00 04 00 00 00 00 00 00—

N
ACK: Ox5A A1

4// Process

Command

Generic Response —]
<4 0x5A A4 0C 00 BA 55 A0 00 00 02 00 00 00 00 02 00 00 00

—— ACK: Ox5A A1

Figure 5-9. Protocol Sequence for FlashEraseRegion Command

Table 5-28. FlashEraseRegion Command Packet Format (Example)

FlashEraseRegion | Parameter Value
Framing packet start byte Ox5A

packetType 0xA4, kFramingPacketType_Command
length 0x10 0x00
crc16 0x78 0x06

Command packet |commandTag 0x02, kCommandTag_FlashEraseRegion
flags 0x00
reserved 0x00
parameterCount 0x03
startAddress 0x00 0x00 0x00 0x00 (0x0000_0000)
byte count 0x00 0x04 0x00 0x00 (0x400)
memory_id 0x00 0x00 0x00 0x00 (internal flash)

The FlashEraseRegion command has no data phase.

Response: The target ( Bootloader ) will return a GenericResponse packet with one of
following error status codes.

Table 5-29. FlashEraseRegion Response Status Codes

Status Code

kStatus_Success (0x0)

kStatus_MemoryRangelnvalid (0x10200)

kStatus_FlashAlignmentError (0x101)

kStatus_FlashAddressError (0x102)

kStatus_FlashAccessError (0x103)

Table continues on the next page...
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Table 5-29. FlashEraseRegion Response Status Codes (continued)

Status Code
kStatus_FlashProtectionViolation (0x104)
kStatus_FlashCommandFailure (0x105)

5.3.6.6 FlashEraseAllUnsecure command

The FlashErase AllUnsecure command performs a mass erase of the flash memory,
including protected sectors. Flash security is immediately disabled if it (flash security)
was enabled, and the FSEC byte in the flash configuration field at address 0x40C is
programmed to OXFE. However, if the mass erase enable option in the FSEC field is
disabled, then the FlashErase AllUnsecure command will fail.

The FlashErase AllUnsecure command requires no parameters.

Host Target

FlashEraseAllUnsecure

0x5A A4 04 00 F6 61 OD 00 00 00 )

[

ACK: Ox5A A1
4/ Process

Command

Generic Response:
l&——— Ox5A A4 0C 00 54 81 A0 00 00 02 00 00 00 OD 00 00 00

-

Figure 5-10. Protocol Sequence for FlashEraseAllUnsecure Command

| ACK: Ox5A A1

Table 5-30. FlashEraseAllUnsecure Command Packet Format (Example)

FlashEraseAllUnsecure Parameter Value
Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0xF6 0x61
Command packet commandTag 0x0D - FlashEraseAllUnsecure
flags 0x00

Table continues on the next page...
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Table 5-30. FlashEraseAllUnsecure Command Packet Format (Example) (continued)

FlashEraseAllUnsecure Parameter Value
reserved 0x00
parameterCount 0x00

The FlashErase AllUnsecure command has no data phase.

Response: The target (Bootloader) will return a GenericResponse packet with status code
either set to kStatus_Success for successful execution of the command, or set to an
appropriate error status code.

Table 5-31. FlashEraseAllUnsecure Response Status Codes

Status Code Description
kStatus_FLASH_Success (0) Executed successfully
kStatus_FLASH_InvalidArgument (4) Invalid argument
kStatus_FLASH_EraseKeyError (107) Erase key is invalid
kStatus_FLASH_AccessError (103) Invalid instruction codes and out-of bound addresses
kStatus_FTFx_ProtectionViolation (104) The program/erase operation is requested to execute on

protected areas
kStatus_FLASH_CommandFailure (105) Run-time error during the command execution

5.3.6.7 FlashProgramOnce command
The FlashProgramOnce command writes data (that is provided in a command packet) to a
specified range of bytes in the program once field. Special care must be taken when
writing to the program once field.
* The program once field only supports programming once, so any attempted to
reprogram a program once field will get an error response.
* Writing to the program once field (index field is 0-7, each is 8 Bytes long).

The FlashProgramOnce command uses 3 parameters: index, byteCount, data.

Table 5-32. Parameters for FlashProgramOnce Command

Byte # Command
0-3 Index of program once field

4-7 Byte count (8 Bytes long)

8- 11 Data

12-16 Data
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Host Target

——FlashProgramOnce: index=0, byteCount=8, data=0x1122334455667788

N
0x5A A4 14 00 AB 63 OE 00 00 04 00 00 00 00 08 00 00 00 88 77 66 55 44 33 22 11

S
ACK: Ox5A A1
4/ Process

Command

Generic Response |

&— Ox5A A4 0C 00 88 1A A0 00 00 02 00 00 00 00 OE 00 00 00

— ACK: Ox5A A1 -_

Figure 5-11. Protocol Sequence for FlashProgramOnce Command

Table 5-33. FlashProgramOnce Command Packet Format (Example)

FlashProgramOnce | Parameter Value
Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x14 0xx00
crc16 O0xAB 0x63
Command packet commandTag O0xOE — FlashProgramOnce
flags 0
reserved 0
parameterCount 4
index 0x0000_0000
byteCount 0x0000_0008
data 0x1122_3344 5566_7788

Response: upon successful execution of the command, the target ( Bootloader) will
return a GenericResponse packet with a status code set to kStatus_Success, or to an
appropriate error status code.

Table 5-34. FlashProgramOnce Response Status Codes

Status Code Description
kStatus_FLASH_Success (0) Executed successfully
kStatus_FLASH_InvalidArgument (4) Invalid argument
kStatus_FLASH_AccessError (103) Invalid instruction codes and out-of bound addresses
kStatus_FTFx_ProtectionViolation (104) The program/erase operation is requested to execute on

protected areas
kStatus_FLASH_CommandFailure (105) Run-time error during the command execution
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5.3.6.8 FlashReadOnce command

The FlashReadOnce command returns the contents of the program once field by given
index and byte count. The FlashReadOnce command uses 2 parameters: index and
byteCount.

Table 5-35. Parameters for FlashReadOnce Command

Byte # Parameter Description
0-3 index Index of the program once field (to read from)
4-7 byteCount Number of bytes to read and return to the caller
Host Target
FlashReadOnce: index=0, byteCount=8
0x5A A4 0C 00 F3 EA OF 00 00 02 00 00 00 00 08 00 00 00 )
I
</ ACK: O0x5A A1
Process
Command

Generic Response
2)9/\}4 14 00 45 EB AF 00 00 04 00 00 00 00 08 00 00 00 88 77 66 55 44 33 22 11

| ACK: Ox5A A1  »

Figure 5-12. Protocol Sequence for FlashReadOnce Command

Table 5-36. FlashReadOnce Command Packet Format (Example)

FlashReadOnce Parameter Value
Framing packet start byte O0x5A
packetType 0xA4
length 0x0C 0x00
crc O0xF3 OxEA
Command packet commandTag 0xOF — FlashReadOnce
flags 0x00
reserved 0x00
parameterCount 0x02
index 0x0000_0000
byteCount 0x0000_0008
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Table 5-37. FlashReadOnce Response Format (Example)

FlashReadOnce Parameter Value
Response

Framing packet start byte O0x5A
packetType 0xA4
length 0x14 0x00
crc 0x45 OXEB

Command packet commandTag OxAF
flags 0x00
reserved 0x00
parameterCount 0x04
status 0x0000_0000
byteCount 0x0000_0008
data 0x1122334455667788

Response: upon successful execution of the command, the target ( Bootloader) will
return a FlashReadOnceResponse packet with a status code set to kStatus_Success, a byte
count and corresponding data read from Program Once Field upon successful execution
of the command, or will return with a status code set to an appropriate error status code
and a byte count set to 0.

Table 5-38. FlashReadOnce Response Status Codes

Status Code
kStatus_FLASH_Success (0)
kStatus_FLASH_InvalidArgument (4)
kStatus_FLASH_AccessError (103)
kStatus_FTFx_ProtectionViolation (104)

Description

Executed successfully

Invalid argument

Invalid instruction codes and out-of bound addresses

The program/erase operation is requested to execute on
protected areas

kStatus_FLASH_CommandFailure (105) Run-time error during the command execution

5.3.6.9 FlashReadResource command

The FlashReadResource command returns the contents of the IFR field or Flash Version
ID, by given offset, byte count, and option. The FlashReadResource command uses 3
parameters: start address, byteCount, option.

Table 5-39. Parameters for FlashReadResource Command

Byte # Parameter Command

0-3 start address

Start address of specific non-volatile memory to be read

Table continues on the next page...
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Table 5-39. Parameters for FlashReadResource Command (continued)

Byte # Parameter Command
4-7 byteCount Byte count to be read
8-11 option 0: IFR
1: Flash Version ID
Host Target
FlashReadResource: startAddress=0, byteCount=8, option=0

0x5A A4 10 00 07 BA 10 00 00 03 00 00 00 00 08 00 00 00 00 00 00 00

I ————
ACK: Ox5A A1

—
FlashReadResource Response

.
0x5A A4 0C 00 08 D2 BO 01 00 02 00 00 00 00 08 00 00 00
—ACK: Ox5A A1 -_

Data Packet ——MM8m™ |

-
Ox5A A5 08 00 crc + data

Data

— ACK: Ox5A A1 %

[

« Generic Response
0x5A A4 0C 00 75 A3 A0 00 00 02 00 00 00 00 10 00 00 00

«— Process

Command

Process

—— ACK: O0x5A A1 - ]

Figure 5-13. Protocol Sequence for FlashReadResource Command

Table 5-40. FlashReadResource Command Packet Format (Example)

FlashReadResource | Parameter Value

Framing packet start byte Ox5A
packetType 0xA4
length 0x10 0x00
crc 0x07 OxBA

Command packet commandTag 0x10 — FlashReadResource

flags 0x00
reserved 0x00

Table continues on the next page...
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Table 5-40. FlashReadResource Command Packet Format (Example) (continued)

FlashReadResource | Parameter Value
parameterCount 0x03
startAddress 0x0000_0000
byteCount 0x0000_0008
option 0x0000_0000

Table 5-41. FlashReadResource Response Format (Example)

FlashReadResource | Parameter Value
Response
Framing packet start byte O0x5A
packetType 0xA4
length 0x0C 0x00
crc 0xD2 0xBO
Command packet commandTag 0xB0O
flags 0x01
reserved 0x00
parameterCount 0x02
status 0x0000_0000
byteCount 0x0000_0008

Data phase: The FlashReadResource command has a data phase. Because the target

( Bootloader ) works in slave mode, the host must pull data packets until the number of
bytes of data specified in the byteCount parameter of FlashReadResource command are
received by the host.

Table 5-42. FlashReadResource Response Status Codes

Status Code Description
kStatus_FLASH_Success (0) Executed successfully
kStatus_FLASH_InvalidArgument (4) Invalid argument
kStatus_FLASH_AlignmentError (101) Parameter is not aligned with the specified baseline
kStatus_FLASH_AccessError (103) Invalid instruction codes and out-of bound addresses
kStatus_FTFx_ProtectionViolation (104) The program/erase operation is requested to execute on

protected areas
kStatus_FLASH_CommandFailure (105) Run-time error during the command execution
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5.3.6.10 FlashSecurityDisable command

The FlashSecurityDisable command performs the flash security disable operation, by
comparing the 8-byte backdoor key (provided in the command) against the backdoor key
stored in the flash configuration field (at address 0x400 in the flash).

The backdoor low and high words are the only parameters required for
FlashSecurityDisable command.

Table 5-43. Parameters for FlashSecurityDisable Command

Byte # Command
0-3 Backdoor key low word
4-7 Backdoor key high word
Host Target
FlashSecureDisable with backdoor key 0102030405060708
0x5A A4 0C 00 43 7B 06 00 00 02 04 03 02 01 08 07 06 05 —p
-
ACK: Ox5A A1
4// Process
Command

Generic Response:
«— 0x5A A4 0C 00 35 78 A0 00 0C 02 00 00 00 00 06 00 00 00

— ACK: Ox5A A1

- —

Figure 5-14. Protocol Sequence for FlashSecurityDisable Command

Table 5-44. FlashSecurityDisable Command Packet Format (Example)

FlashSecurityDisable | Parameter Value
Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x43 0x7B
Command packet commandTag 0x06 - FlashSecurityDisable
flags 0x00

Table continues on the next page...
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Table 5-44. FlashSecurityDisable Command Packet Format (Example) (continued)

FlashSecurityDisable | Parameter Value
reserved 0x00
parameterCount 0x02
Backdoorkey_low 0x04 0x03 0x02 0x01
Backdoorkey_high 0x08 0x07 0x06 0x05

The FlashSecurityDisable command has no data phase.

Response: The target ( Bootloader) will return a GenericResponse packet with a status
code either set to kStatus_Success upon successful execution of the command, or set to
an appropriate error status code.

5.3.6.11 WriteMemory command

The WriteMemory command writes data provided in the data phase to a specified range
of bytes in memory (flash or RAM). However, if flash protection is enabled, then writes
to protected sectors will fail.

Special care must be taken when writing to flash.

* First, any flash sector written to must have been previously erased with a
FlashEraseAll, FlashEraseRegion, or FlashErase AllUnsecure command.

» Writing to flash requires the start address to be 4-byte aligned ([1:0] = 00).

* The byte count will be rounded up to a multiple of 4, and the trailing bytes will be
filled with the flash erase pattern (OxFF).

* If the VerifyWrites property is set to true, then writes to flash will also perform a
flash verify program operation.

When writing to RAM, the start address need not be aligned, and the data will not be
padded.

The start address and number of bytes are the 2 parameters required for WriteMemory
command.

Table 5-45. Parameters for WriteMemory Command

Byte # Command
0-3 Start address
4-7 Byte count
8- 11 memory ID
NOTE: The only option is 0x0 for this device.
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Host

——

Writememory: start address=0xa000, data ="1234567887654321"

ACK: Ox5A A1

Data packet:

0x5A A5 20 00 CRC16 32 bytes data

0x5A A4 10 00 F3 94 04 01 00 03 00 A0 00 00 08 00 00 00 00 00 00 00 >

I —
PR ACK: Ox5A A1

Generic Response

4—— 0x5A A4 0C 00 23 72 A0 00 00 02 00 00 00 00 04 00 00 00 00

\»
—

¢« —  ——————— ACK: Ox5A A1

Final Data packet

| Ox5A A5 length16 CRC16 32 bytes data

-

Target

Process
Command

Process
Data

Process
Data

ACK

ACK: 0x5A A1

Generic Response

& O0x5A A4 0C 00 23 72 A0 00 00 02 00 00 00 00 04 00 00 00

-

Figure 5-15. Protocol Sequence for WriteMemory Command

Table 5-46. WriteMemory Command Packet Format (Example)

WriteMemory Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x06 Ox5A

Command packet commandTag 0x04 - writeMemory

flags 0x01, kCommandFlag_HasDataPhase
reserved 0x00
parameterCount 0x03
startAddress 0x0000A000
byteCount 0x00000008
memory ID 0x0
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Functional Description

Data Phase: The WriteMemory command has a data phase; the host will send data
packets until the number of bytes of data specified in the byteCount parameter of the
WriteMemory command are received by the target.

Response: The target ( Bootloader ) will return a GenericResponse packet with a status
code set to kStatus_Success upon successful execution of the command, or to an

appropriate error status code.

Table 5-47. WriteMemory Response Status Codes

Status Code

Description

kStatus_FLASH_Success (0)

Executed successfully

kStatus_OutOfRange (3)

Address is out of memory range

kStatusMemoryRangelnvalid (10200)

Memory range is invalid

kStatus_FLASH_InvalidArgument (4)

Invalid argument

kStatus_FLASH_AddressError (102)

Address is out of range

kStatus_FLASH_AccessError (103)

Invalid instruction codes and out-of bound addresses

kStatus_FTFx_ProtectionViolation (104)

The program/erase operation is requested to execute on
protected areas

kStatus_FLASH_CommandFailure (105)

Run-time error during the command execution

5.3.6.12 ReadMemory command

The ReadMemory command returns the contents of memory at the given address, for a
specified number of bytes. This command can read any region of Flash memory,
SRAM_L and SRAM_U memory accessible by the CPU and not protected by security.

The start address and number of bytes are the 2 parameters required for ReadMemory

command.
Table 5-48. Parameters for ReadMemory command
Byte Parameter Description
0-3 Start address Start address of memory to read from
4-7 Byte count Number of bytes to read and return to caller
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Host Target
readMemory: startAddress=0x20000400, byteCount=100
0x5A A4 0C 00 1D 23 03 00 00 02 00 04 00 20 64 00 00 00 - P
I
ACK: Ox5A A1
«— Process
Command

— ACK: 0x5A A1

— ACK: 0x5A A1

Generic Response for Command

Data Packet

Final Data Packet
4——— 0x5A A5 length 16 CRC 16 32 bytes data

« 0x5A A4 0C 00 27 F6 A3 01 00 02 00 00 00 00 64 00 00 00

| ACK: Ox5A A1 %

4 0x5A A5 20 00 CRC 16 32 bytes data

Process
Data

— ACK: Ox5A A1 \4

Process
Data

Final Generic Response

4— Ox5A A4 0C 00 OE 23 A0 00 00 02 00 00 00 00 03 00 00 00

- ]

Figure 5-16. Command sequence for ReadMemory

Table 5-49. ReadMemory Command Packet Format (Example)

ReadMemory Parameter Value
Framing packet Start byte O0x5A 0xA4
packetType kFramingPacketType_Command
length 0x0C 0x00
crc16 0x1D 0x23
Command packet commandTag 0x083 - readMemory
flags 0x00
reserved 0x00
parameterCount 0x02
startAddress 0x20000400
byteCount 0x00000064
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Peripherals Supported

Data Phase: The ReadMemory command has a data phase. Since the target ( Bootloader)
works in slave mode, the host need pull data packets until the number of bytes of data
specified in the byteCount parameter of ReadMemory command are received by host.

Response: The target ( Bootloader) will return a GenericResponse packet with a status
code either set to kStatus_Success upon successful execution of the command, or set to
an appropriate error status code.

Table 5-50. ReadMemory Response Status Codes

Status Code Description
kStatus_FLASH_Success (0) Executed successfully
kStatus_OutOfRange (3) Address is out of memory range
kStatusMemoryRangelnvalid (10200) Memory range is invalid

5.3.7 Bootloader Exit state

The Bootloader tries to reconfigure the system back to the reset state in the following

situations:
 After completion of an Execute command, but before jumping to the specified entry
point.
 After a peripheral detection timeout, but before jumping to the application entry
point.

5.4 Peripherals Supported

This section describes the peripherals supported by the ROM Bootloader. To use an
interface for bootloader communications, the peripheral must be enabled in the BCA, as
shown in Table 5-4. If the BCA is invalid (such as all OxFF bytes), then all peripherals
will be enabled by default.

5.4.1 LPI2C Peripheral

The Bootloader in ROM supports loading data into flash via the LPI2C peripheral, where
the LPI2C peripheral serves as the LPI2C slave. A 7-bit slave address is used during the
transfer.
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Customizing an LPI2C slave address is also supported. This feature is enabled if the
Bootloader Configuration Area (BCA) (shown in Table 5-4) is enabled (tag field is filled
with ‘kcfg’) and the i2cSlaveAddress field is filled with a value other than OxFF. 0x10 is
used as the default LPI2C slave address.

The maximum supported LPI2C baud rate depends on corresponding clock configuration
field in the BCA. Typical supported baud rate is 400 kbps with factory settings (LPI2C
baud rate not over 1.2 Mbps, for this device).

Because the LPI2C peripheral serves as an LPI2C slave device, each transfer should be
started by the host, and each outgoing packet should be fetched by the host.
* An incoming packet is sent by the host with a selected LPI2C slave address and the
direction bit is set as write.
* An outgoing packet is read by the host with a selected LPI2C slave address and the
direction bit is set as read.
* 0x00 will be sent as the response to host if the target is busy with processing or
preparing data.

The following flow charts demonstrate the communication flow of how the host reads
ping packet, ACK and response from the target.

( Fetch )
Ping response End

Read leftover bytes
Read 1 byte of ping response
from target packet

Yes

OX5A Read 1 byte Ox7A
Yes—»  oom target No—> Report Error

Figure 5-17. Host reads ping response from target via LPI2C
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‘ Fetch ACK ) Report an error

A
No

0xA2

No—»f Read1byte Process NAK «—Ye received?

from target

No

Reached
maximum
retries?

O0x5A

X 19 Read 1 byte

from target

OxA1

Yes—» received?

Yes Yes

Report a timeout
error

End

Figure 5-18. Host reads ACK packet from target via LPI2C

Fetch
( Response ) End

Read 1 byte
from target Read

payload data
from target

f

Yes

O0x5A
received?

es

Y Payload length Set payload length
Read 1 byte less than su’Pported Nop|  to maximum
from target length? supported length

Yes

Read Read
Report a timeout OxA4 Yesp| PaYload length CRC checksum
error (End) received? part from target from target
(2 bytes) (2 bytes)

Figure 5-19. Host reads response from target via LPI12C

5.4.2 LPUART Peripheral

The Bootloader integrates an autobaud detection algorithm for the LPUART peripheral,
thereby providing flexible baud rate choices.
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Autobaud feature: If LPUART# is used to connect to the bootloader, then the
LPUART~7_RX pin must be kept high and not left floating during the detection phase in
order to comply with the autobaud detection algorithm. After the bootloader detects the
ping packet (0x5A 0xA6) on LPUART#n_RX, the bootloader firmware executes the
autobaud sequence. If the baudrate is successfully detected, then the bootloader will send
a ping packet response [(0x5A 0xA7), protocol version (4 bytes), protocol version
options (2 bytes) and crc16 (2 bytes)] at the detected baudrate. The Bootloader then
enters a loop, waiting for bootloader commands via the LPUART peripheral.

NOTE

* The autobaud feature requires a ping packet with a higher
accuracy (+/-3%), or the ping packet will be ignored as
noise.

» The data bytes of the ping packet must be sent continuously
(with no more than 80 ms between bytes) in a fixed
LPUART transmission mode (8-bit data, no parity bit and 1
stop bit). If the bytes of the ping packet are sent one-by-one
with more than 80 ms delay between them, then the
autobaud detection algorithm may calculate an incorrect
baud rate. In this case, the autobaud detection state machine
should be reset.

Supported baud rates: The baud rate is closely related to the MCU core and system
clock frequencies. Typical baud rates supported are 9600, 19200, 38400, 57600, and
115200.

Packet transfer: After autobaud detection succeeds, bootloader communications can
take place over the LPUART peripheral. The following flow charts show:

* How the host detects an ACK from the target

* How the host detects a ping response from the target

* How the host detects a command response from the target
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Wait
for ACK

Wait for 1 byte
from target

Process NAK

+—Ye

Report an error

A
No

0xA2
received?

No

: O0x5A Wait for 1 byte OXA1
maximum N received? Yes—>  from target received?
retries?
Yes Yes
Report a timeout End

error

Figure 5-20. Host reads an ACK from target via LPUART

Wait for
ping response

Wait for 1 byte

r from target
Ox5A
received?

Wait for 1 byte

Yes from target

End

Wait for
remaining bytes
of ping response
packet

Y?zs

OxA7
received?

Report Error

Figure 5-21. Host reads a ping response from target via LPUART
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Yes

Report a timeout
error (End)

Wait
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from target
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received?

Yes

Wait for 1 byte
from target

0xA4
received?

No

Yes—p

Waitfor payload
length part from
target (2 bytes)
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End

Wait for payload
data from target

?

Yes

Set payload length
to maximum
supported length

Payload length
less than supported
length?

No-»

Waitfor CRC

checksum from
target (2 bytes)

Figure 5-22. Host reads a command response from target via LPUART

5.5 GetProperty Command Properties

This section lists the properties of the GetProperty commands.

Table 5-51. Properties used by GetProperty Commands, sorted by Value
Property Writable | Tag Value Size Description
CurrentVersion No 01h 4 Current bootloader version.
AvailablePeripherals No 02h 4 The set of peripherals supported on this chip.
FlashStartAddress No 03h 4 Start address of program flash.
FlashSizelnBytes No 04h 4 Size in bytes of program flash.
FlashSectorSize No 05h 4 The size in bytes of one sector of program flash.
This is the minimum erase size.
FlashBlockCount No 06h 4 Number of blocks in the flash array.
AvailableCommands No 07h 4 The set of commands supported by the bootloader.
CRCCheckStatus No 08h 4 The status of the application CRC check.
VerifyWrites Yes O0Ah 4 Controls whether the bootloader will verify writes to
flash. VerifyWrites feature is enabled by default.
0 - No verification is done.
1 - Enable verification.
MaxPacketSize No 0Bh 4 Maximum supported packet size for the currently active
peripheral interface.

Table continues on the next page...
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Table 5-51. Properties used by GetProperty Commands, sorted by Value (continued)

Property Writable | Tag Value Size Description

ReservedRegions No 0Ch 16 List of memory regions reserved by the bootloader.
Returned as value pairs (<start-address-of-region>,
<end-address-of-region>).

* |If HasDataPhase flag is not set, then the
Response packet parameter count indicates the
number of pairs.

» |If HasDataPhase flag is set, then the second
parameter is the number of bytes in the data
phase.

RAMStartAddress No OEh 4 Start address of RAM segment. The first parameter to
GetProperty command identifies the segment. See the
device specific memory map for number of RAM
segments the device contains.

RAMSizelnBytes No OFh 4 Size in bytes of RAM segment. The first parameter to
GetProperty command identifies the segment. See the
device specific memory map for number of RAM
segments the device contains.

SystemDeviceld No 10h 4 Value of the Kinetis System Device Identification
register.
FlashSecurityState No 11h 4 Indicates whether Flash security is enabled

0 - Flash security is disabled
1 - Flash security is enabled
FacSupport No 13h 4 FAC (Flash Access Control) support flag

0 - FAC not supported
1 - FAC supported
FlashAcessSegmentSize No 14h 4 The size in bytes of 1 segment of flash

FlashAcessSegmentCount No 15h 4 FAC segment count (The count of flash access
segments within the flash model.)

FlashReadMargin Yes 16h 4 The margin level setting for flash erase and program
verify commands.

0 = Normal
1 = User (default)
2 = Factory

TargetVersion No 18h 4 SoC target build version number

5.5.1 Property Definitions

Get/Set property definitions are provided in this section.
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5.5.1.1 CurrentVersion Property

The value of this property is a 4-byte structure containing the current version of the
bootloader.

Table 5-52. Fields of CurrentVersion property:

Bits [31:24] [23:16] [15:8] [7:0]
Field Name = 'K' (0x4B) Major version Minor version Bugfix version

5.5.1.2 AvailablePeripherals Property

The value of this property is a bitfield that lists the peripherals supported by the
bootloader and the hardware on which it is running.

Table 5-53. Peripheral bits:

Bit [31:7] [6] (5] [4] (3] (2] (1] [0]
Peripheral Reserved Reserved Reserved Reserved Reserved SPI Slave |LPI2C Slave| LPUART

If the peripheral is available, then the corresponding bit will be set in the property value.
All reserved bits must be set to 0.

5.5.1.3 AvailableCommands Property

This property value is a bitfield with set bits indicating the commands enabled in the
bootloader. Only commands that can be sent from the host to the target are listed in the
bitfield. Response commands such as GenericResponse are excluded.

The bit number that identifies whether a command is present is the command's tag value
minus 1. 1 is subtracted from the command tag because the lowest command tag value is
0x01. To get the bit mask for a given command, use this expression:

mask = 1 << (tag - 1)

Table 5-54. Command bits:

Bit [31]: (171 | [16] | [15] | [14] | [13] | [12] | [11] [ [1O] | [9] | (8] | [7] | [6] | [S] | [4] | [3] | [a] | [1] | [O]
18

Table continues on the next page...
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Table 5-54. Command bits: (continued)

Command
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5.6 Verifying the application in flash using CRC-32

Using CRC-32 and a given address range, the ROM bootloader supports performing an
application integrity check.

Before application integrity testing: Application should have the same BCA fields
(offset 0x3CO from the beginning of user application), but only CRC-related fields are
used by ROM for doing application integrity check.
» Set crcStartAddress to the start address that should be used for the CRC check.
* Set crcByteCount to the number of bytes to run the CRC check on, from the start
address.
» Set crcExpectedValue to the value that the CRC calculation should result in.

Application integrity testing:

* If all of the above fields are unset (all OXFF bytes for crcStartAddress, crcByteCount,
and crcExpectedValue), then the ROM bootloader returns
kStatus_AppCrcChecklInactive (10402), and ROM will not do CRC check on
application.

* If any one of the above fields are set (crcStartAddress, crcByteCount, and
crcExpectedValue), then the ROM bootloader checks if the given address range of
the application is valid, and if the application resides in internal flash, by running a
CRC check on the image in flash:

* If the the given address range of the application is not valid (false), then the
bootloader returns kStatus_ AppCrcCheckOutOfRange.
« If the given address range of the application is valid (true), then the CRC check
is performed.
* If the CRC check fails, then the bootloader returns
kStatus_ AppCrcCheckFailed;
* If the CRC check succeeds, then it returns kStatus_AppCrcCheckPassed.

After application integrity testing:
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e The bootloader will jump to the application if kStatus_ AppCheckPassed is return, or
no CRC check (kStatus_AppCrcChecklInactive); if kStatus_AppCrcCheckPassed is
not returned, then the bootloader will stay active, and wait for further commands.

5.7 Bootloader Status Error Codes

This section describes the status error codes that the Bootloader returns to the host.

Table 5-55. Bootloader Status Error Codes, sorted by Value

Error Code Value Description

kStatus_Success 0 Operation succeeded without error.

kStatus_Fail 1 Operation failed with a generic error.

kStatus_ReadOnly 2 Requested value cannot be changed because it is
read-only.

kStatus_OutOfRange 3 Requested value is out of range.

kStatus_InvalidArgument 4 The requested command's argument is undefined.

kStatus_Timeout 5 A timeout occurred.

kStatus_FlashSizeError 100 Not used.

kStatus_FlashAlignmentError 101 Address or length does not meet required
alignment.

kStatus_FlashAddressError 102 | Address or length is outside addressable memory.

kStatus_FlashAccessError 103 |The FTFA_FSTAT[ACCERR] bit is set.

kStatus_FlashProtectionViolation 104 The FTFA_FSTAT[FPVIOL] bit is set.

kStatus_FlashCommandFailure 105 |The FTFA_FSTAT[MGSTATO] bit is set.

kStatus_FlashUnknownProperty 106 Unknown Flash property.

kStatus_FlashEraseKeyError 107 | The key provided does not match the programmed
flash key.

kStatus_FlashRegionExecuteOnly 108 |The area of flash is protected as execute only.

kStatus_I2C_SlaveTxUnderrun 200 12C Slave TX Underrun error.

kStatus_I2C_SlaveRxOverrun 201 12C Slave RX Overrun error.

kStatus_I2C_AribtrationLost 202 12C Arbitration Lost error.

kStatus_UnknownCommand 10000 |The requested command value is undefined.

kStatus_SecurityViolation 10001 |[Command is disallowed because flash security is
enabled.

kStatus_AbortDataPhase 10002 |Abort the data phase early.

kStatus_Ping 10003 |Internal: received ping during command phase.

kStatusMemoryRangelnvalid 10200 [Memory range conflicts with a protected region.

kStatus_UnknownProperty 10300 |The requested property value is undefined.

kStatus_ReadOnlyProperty 10301 |The requested property value cannot be written.

kStatus_InvalidPropertyValue 10302 |The specified property value is invalid.

kStatus_AppCrcCheckPassed 10400 |CRC check is valid and passed.

Table continues on the next page...
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Table 5-55. Bootloader Status Error Codes, sorted by Value (continued)

Error Code Value Description
kStatus_AppCrcCheckFailed 10401 |CRC check is valid but failed.
kStatus_AppCrcChecklnactive 10402 |CRC check is inactive.
kStatus_AppCrcChecklinvalid 10403 |CRC check is invalid, because the BCA is invalid or

the CRC parameters are unset (all OxFF bytes).
kStatus_AppCrcCheckOutOfRange 10404 |CRC check is valid but addresses are out of range.

5.8 ROM flash driver API

5.8.1 Introduction

The main purpose of these APIs is to simplify the use of flash driver APIs, which are
exported from ROM bootloader. With APIs, the user does not need to care about the
details of flash commands. A set of parameters are required to ensure all APIs work

properly.

5.8.2 Struct of FlashDriverinterface

The bootloader flash driver API tree contains pointers of flash driver functions. The
following code snippet shows example of the struct of flash driver interface.

/********************************************************************************************
Structure with API function pointers members

********************************************************************************************/

//! @brief Interface for the flash driver.
typedef struct FlashDriverInterface

standard version t version; //!< flash driver API version number.
status_t (*flash init) (flash config t *config);
status_t (*reserved unavailable) (flash config t *config, uint32 t key);
status_t (*reserved unavailable) (flash config t *config, uint32 t key);
status_t (*reserved unavailable) (flash config t *config, uint32 t start, uint32 t
lengthInBytes, uint32 t key);
status_t (*flash program) (flash config t *config, uint32 t start, uint8_ t *src, uint32 t
lengthInBytes) ;
status_t (*flash get security state) (flash config t *config, flash security state t
*state) ;
status_t (*flash security bypass) (flash config t *config, const uint8_ t *backdoorKey) ;
status_t (*flash verify erase all) (flash config t *config, flash margin value t margin) ;
status_t (*flash verify erase) (flash config t *config,
uint32 t start,
uint32_t lengthInBytes,
flash margin value t margin) ;
status_t (*flash verify program) (flash config t *config,
uint32 t start,
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uint32_t lengthInBytes,
const uint8 t *expectedData,
flash margin value t margin,
uint32 t *failedAddress,
uint32_t *failedData) ;
status_t (*flash get property) (flash config t *config, flash property tag t
whichProperty, uint32 t *value) ;
status_t (*flash program once) (ftfx config t *config, uint32 t index, uint8 t *src,
uint32_ t lengthInBytes) ;
status_t (*flash read once) (ftfx config t *config, uint32 t index, uint8 t *dst,
uint32 t lengthInBytes) ;
status_t (*flash read resource) (flash config t *config,
uint32 t start,
uint8 t *dst,
uint32 t lengthInBytes,
flash read resource opt t option);
} flash driver interface t;

5.8.3 Details of structs
The following table shows the list of structs related to flash_config_t.

Struct Name Description

flash_config_t Struct passed to flash driver API

ftfx_config_t Struct of flash driver state information
flash_mem_desc_t Struct for flash memory descriptor
flash_ops_config_t Active FTFx information for the current operation
flash_spec_mem_t Struct for ftfx special memory access information

* Struct flash_config_t

#define FTFx FLASH COUNT 1
typedef struct flash config

ftfx config t ftfxConfig[FTFx FLASH COUNT] ;
} flash config t;

NOTE
For this device, there is only one FLASH, so
FTFx_FLASH_COUNT equals to 1.

* Struct ftfx_config_t

It defines the flash driver state information.

typedef struct ftfx config

flash mem desc_t flashDesc;
flash ops config t opsConfig;

uint32_ t flexramBlockBase; /*!< The base address of the FlexRAM/
acceleration RAM */

uint32_t flexramTotalSize; /*!< The size of the FlexRAM/acceleration
RAM */

uintlé t eepromTotalSize; /*!< The size of EEPROM area which was

partitioned from FlexRAM */
uintlé_t reserved;
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uint32_ t *runCmdFuncAddr;

in-RAM function.
flash ifr de
} ftfx config t;

*/

sc_t ifrDesc;

Struct flash_mem_desc_t

It defines the struct of flash memory descriptor.

typedef struct _

uint8 t type

uint8 t index;

uint8 t rese

struct {
uint32 t
uint32 t
uint32 t
uint32 t
uint32 t
uint32 t
uint32 t
uint32 t

} feature;

uint32 t blo
uint32 t tot
uint32 t sec
uint32 t blo

flash mem descriptor
; /*!< Type of flash block.*/
rved[2];

isIndBlock:1;
hasIndPfsizeReg:1;
hasProtControl:1;
hasIndProtReg:1;
hasXaccControl:1;
hasIndXaccReg:1;
:18;
ProtRegBits:8;

/*!< Index of flash block.*/

/*!< An buffer point to the flash execute-

ckBase; /*!< A base address of the flash block */
alSize; /*!< The size of the flash block.
torSize; /*!< The size in bytes of a sector of flash. */

ckCount; /*!< A number of flash blocks.

flash spec mem t accessSegmentMem;
flash spec_mem t protectRegionMem;

} flash mem desc

_t;

Struct flash_spec_mem_t

It defines the special flash memory access information.

typedef struct _

uint32 t bas
uint32_t siz

flash special_mem

e; /*!< Base address of flash special memory.*/
e; /*!< size of flash special memory.*/

uint32 t count; /*!< flash special memory count.*/
} flash spec mem t;

Struct ﬂashiops_config_t

It defines the active flash information for the current operation.

typedef struct _

uint32 t convertedAddress;

type.*/
struct {
uint8 t
uint8 t
uint8_t
uint8 t
uint8 t
uint8 t
uint8_t
} addrAligme
} flash ops conf

flash ops_config

sectorCmd;
sectionCmd;
resourceCmd;
checkCmd;
swapCtrlCmd;
blockWriteUnitSize;
reserved[2];

nt;

ig t;
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Flash commands

Flash Driver API functions

FLASH_Init

0x01 Read 1s Section

FLASH_VerifyErase

0x02 Program Check

FLASH_VerifyProgram

0x03 Read Resource

FLASH_ReadResource

0x40 Read 1s All Blocks

FLASH_VerifyEraseAll

0x41 Read Once

FLASH_ReadOnce

0x43 Program Once

FLASH_ProgramOnce

0x45 Verify Backdoor Access Key

FLASH_SecurityBypass

FLASH_GetSecurityState

FLASH_GetProperty

 FLASH_Init

It checks and initializes the flash module for the other flash API functions.

NOTE
FLASH_Init must be always called before calling other

API functions.

status_t FLASH Init (flash config t *config)

Parameter

Description

config

Config Pointer to storage for the driver runtime state.

Possible status response

Value Constant Description

4 kStatus_InvalidArgument Config is NULL.

100 kStatus_FLASH_SizeError Returned flash is incorrect.

0 kStatus_Success This function has performed
successfully.

Refer to the Bootloader Reference Manual or the device Security Reference Manual, for

more details on each API command.

5.8.5

Integrate flash driver API to user project

There are several steps to integrate the Flash Driver APIs to user project.
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1. Add flash driver related files (rom_api.h, rom_flash_api.h and rom_flash_api.c, etc.)
to corresponding project.
2. Declaim variable for an instance of flash_config_t.
To call flash driver API, an instance of this structure need to be allocated by the user
and passed into each of the driver APIs. For example,
flash config t g flashState;
while
#define FTFx FLASH COUNT 1
typedef struct flash config

ftfx config t ftfxConfig[FTFx_ FLASH COUNT] ;
} flash config t;

ﬂlen,Callflash_init(g_flashState).

5.9 Life cycle overview

This device supports a life cycle state model to protect code from reading from the device
internal flash, which is called code read protection feature. There are different levels of
protections in the system, so that access to the on-chip flash and use of ISP can be
restricted. Also the life cycle state of the device determines the debug access and ISP
command availability. Please see other sections details. The life cycle state is controlled
by FTFA_FSEC (flash security register).

The boot ROM will check the life cycle state, then determine what boot flow is to run,
debug port to be enabled/locked and available ISP command sets.

5.10 Life cycle states and states transitioning

5.10.1 Life cycle states

Table 5-56 lists all the lifecycle states that are supported.
Table 5-56. Life cycle states

Life cycle state Life cycle type Description
OEM_OPEN Customer Initial customer development state after leaving NXP
OEM_FIELD_RETURN manufacturing.
OEM_CLOSED Customer In-field application state, with ROP protection.
OEM_CLOSED_NO_RETURN |Customer In-field application state, with ROP protection. Prevents use of
field return.
BRICKED End-of-life Bricked state to prevent device use.
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NOTE
For OEM_CLOSED state, based on read out protection (ROP)
settings, can be further classified:
« OEM_CLOSED_ROP1
e OEM_CLOSED_ROP2
« OEM_CLOSED_ROP3

See Table 5-57 for details.

5.10.2 Life cycle states transitioning

OEM | | In field |

ISP disabled
Debug disabled Device

access
Test disabled

|
|
|
|
|
|
|
|
|
: _NO_RETURN
|
|
|
|
|
|
|
|

|

|

|

|

|

|

]

OEM_CLOSED :

]

]

]

Boot ROM hidden Device |

UDF assets |

141 |

1 ]

1 ]

111 ]

ISP enabled ISP |
Device Device |

Debug enabled pra— Debug access |
Test Test |
|

|

OEM_OPEN = |

i OEM_FIELD_RETURN OEM_CLOSED |
]

]

Boot ROM hidden Device Boot ROM hidden Device :
UDF not available assets UDF e |
| 1 ]

b o e e e o o — — — — — — — — — I ———— -

Figure 5-23. Life cycle states transitioning

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 135




Read-out protection

ISP disabled

- Device
Debug disabled i~
Test disabled

NXP secure test access
Any state »| Bricked

Boot ROM hidden Device
UDF not available | | @ssets

Figure 5-24. Life cycle state transitioning from any state to BRICKED

5.10.3 Identify the life cycle states

The following items are used to identify the life cycle state.
* FTFA_FSEC, which is associated with flash security byte (0x40c byte address).
* Life cycle IFR (a dedicated 16-bit Flash IFR for life cycle configuration), which is
programmed to 0x5555 by NXP before shipping the chips.

5.11 Read-out protection

Four levels of Read Out Protection (ROP) are supported. This read out protection is a
mechanism that allows user to enable different levels of protection in the system. It is a 8-
bit field FTFA_FSEC associated with flash security byte (0x40c byte address). It can be
programmed by customer.

5.12 ROM bootloader life cycle encoding logic

Table 5-57. Life cycle states encoding logic

Life cycle (LC) FTFA_FSEC value Life cycle IFR value
MANAGEMENT

OEM_OPEN = FTFA_FSEC = OxFE 0x5555

OEM_FIELD_RETURN

OEM_CLOSED_ROP1 |FTFA_FSEC = 0x90 0x5555

OEM_CLOSED_ROP2 |Any other value than listed 0x5555

OEM_CLOSED_ROP3 |FTFA_FSEC = 0x9B 0x5555

OEM_CLOSED_NO_RE |FTFA_FSEC = 0x6B 0x5555

TURN

NXP_BRICKED Any value Values other than 0x5555, 0OxAAAA, and OxFFFF
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NOTE

It's not possible to enter NXP_BRICKED state through
programming FTFA_FSEC field. NXP_BRICKED state is
entered when there's unexpected bits flip in the life cycle IFR
that leads this IFR to a value other than 0x5555, OxAAAA and
OxFFFF. Whereas to support decommissioning of a platform,
user can transition device to NXP_BRICKED state by
programming ascii pattern "bricked_pattern0" or equivalent hex
pattern (0x62, 0x72, 0x69, 0x63, 0x6B, 0x65, 0x64, Ox5F,
0x70, 0x61, 0x74, 0x74, 0x65, 0x72, 0x6E, 0x30) at 0x350 byte

address.

5.13

ISP commands

Available ISP commands set is limited per life cycle state. Table 5-58 lists ISP command

set options.

Table 5-58.

ISP commands set

Full ISP commands set

Partial ISP commands set

Limited ISP commands set

FlashEraseAll
FlashEraseRegion
FlashEraseAllUnsecure
ReadMemory
WriteMemory
GetProperty

Execute

Reset

SetProperty
FlashProgramOnce
FlashReadOnce
FlashReadResource
FlashSecurityDisable

FlashEraseAllUnsecure
Reset

GetProperty
FlashSecurityDisable

* Reset
¢ GetProperty
* FlashSecurityDisable

NOTE

It is suggested not to use FlashEraseAll ISP command, not to
use FlashEraseRegion ISP command to erase FCF field. If there
is a chip reset action or Reset ISP command is executed right
after FlashEraseAll, the chip will go to OEM_CLOSED_ROP2
life cycle with invalid backdoor key and there is no way to
enter ISP through either ROM_API or Invalid image, because
no CRC will be performed during the boot by ROM and the
flash is empty with no codes invoking ROM_API to enter ISP.
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Always use FlashEraseAllUnsecure ISP command (instead of

FlashEraseAll) during the development.
NOTE

When using FlashSecurityDisable ISP command to disable the
flash security state, always reset the chip if the command fails
(for example, due to wrong backdoor key) before
FlashSecurityDisable command is tried again.

Table 5-59. ISP commands set in different life cycles (Direct boot disabled)

Life cycle Condition Commands set (Non-secure device)
Flash security state
Disabled Enabled
OEM_OPEN Normal resets Full Not applicable
OEM_FIELD_RETURN Invalid image Full
Entry from ROM_API Full
OEM_CLOSED_ROP1 Normal resets Partial Limited
Invalid image Partial Limited
Entry from ROM_API Full Limited
OEM_CLOSED_ROP2 Normal resets None None
Invalid image Partial Limited
Entry from ROM_API Partial Limited
OEM_CLOSED_ROP3 Normal resets None None
Invalid image None None
Entry from ROM_API None None
OEM_CLOSED_NO_RETURN None None
BRICKED None None

Table 5-60. ISP commands set in different life cycles (Direct boot enabled)

Life cycle Condition Commands set (Non-secure device)
Flash security state
Disabled Enabled
OEM_OPEN Normal resets None Not applicable
OEM_FIELD_RETURN Invalid image Full
Entry from ROM_API Full
OEM_CLOSED_ROP1 Normal resets None None
Invalid image Partial Limited
Entry from ROM_API Full Limited
OEM_CLOSED_ROP2 Normal resets None None
Invalid image Partial Limited
Entry from ROM_API Partial Limited

Table continues on the next page...
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Table 5-60. ISP commands set in different life cycles (Direct boot enabled) (continued)

Life cycle Condition Commands set (Non-secure device)
Flash security state
Disabled Enabled
OEM_CLOSED_ROP3 Normal resets None None
Invalid image None None
Entry from ROM_API None None
OEM_CLOSED_NO_RETURN None None
BRICKED None None

NOTE
FTFA_FSEC[SEC] value option 10b means flash security state
is disabled, while other value options mean flash security state
1s enabled.

NOTE
During the development, use backdoor key other than all 1s or
all Os. If users accidentally program FTFA_FSEC area which
forces the life cycle to ROP1/2, a reset will trigger ISP through
“Normal resets” or “Invalid image” depending on direct boot
setting and life cycle. Limited ISP commands are available in
this case because flash security state is enabled. Users can
disable flash security state by executing FlashSecurityDisable
ISP command through valid backdoor key. After disabling flash
security state, Partial command sets become available which
means users can do mass erase and revert the life cycle back to
OEM_OPEN through FlashEraseAllUnsecure ISP command.

5.14 Debug port control

Debug port is enabled/disabled based on device life cycle state. It applies to secure device
and non-secure device.

Table 5-61. Debug port control

Life cycle Debug port enable status Debug port lock status
OEM_OPEN Enabled Unlocked
OEM_FIELD_RETURN
OEM_CLOSED_ROP1 Disabled Unlocked
OEM_CLOSED_ROP2 Disabled Locked

Table continues on the next page...
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Enter debug mode pin

Table 5-61. Debug port control (continued)

Life cycle Debug port enable status Debug port lock status
OEM_CLOSED_ROP3 Disabled Locked
OEM_CLOSED_NO_RETURN Disabled Locked
BRICKED Disabled Locked

5.15 Enter debug mode pin

GPIOCS is selected as Debug_mode pin. When the flash is empty 3 , with POR or any
reset, GPIOC6 will be checked in OEM_OPEN state.
* If this pin is set to high or floating, boot ROM will open the debug port and enter a
while(1) loop in RAM so that the external debugger can connect the chip via JTAG.
e If this pin is set to low, boot ROM enters the ISP mode.

3. Flash is considered to be empty when the reset vector is OXFFFFFFFF by ROM. The reset vector is located in address
0x0000 of program space.
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Chapter 6
Power Management

6.1 Introduction

Power management provides an on-chip supply regulation to regulate an external VDD
(3.3V in typical) supply down to 2.7V and 1.2V levels, for use with internal circuitry and
Power-On-Reset (POR) generator and Low Voltage Interrupts (LVIs). On-chip regulators
are stable and have sufficient capacity and dynamic response, allowing device to operate
correctly at all time and under all combinations of specified loads, frequencies, voltages,
temperatures and fabrication process variations. POR generates a reset signal when power
1s applied to the device. It ensures that the device starts operating in a known state. The
low-voltage detection monitors VDD, and is able to generate interrupts when VDD drops
below the preset voltage thresholds. CPU can response to LLVIs, and place the device in a
safe state before supply voltage drops below the operating voltage.

Power consumption during device operation is managed by powering off non-essential
analog modules, and gating off the clock to digital circuitry associated with the modes of
RUN, WAIT, and STOP.

6.2 Function Description
The device is power-supplied by both digital supply VDD and analog supply VDDA. The
VDDA is used directly by analog modules. Power regulation is managed by the Power
Management Controller (PMC) module whose input is from VDD. There are two
different types of regulators in PMC:
e Small regulator used to maintain a stable low-noise 2.7V supply as well as 1.2V
supply, for PMC, oscillator, PLL and other critical analog circuitry.
» A separate large regulator generates a 1.2V whose output is stabilized by external
capacitor on Vcap pin, to supply power for other internal digital circuitry (such as
CPU, memory, timers, communication modules, etc. ).
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The large regulator supports both full power mode and standby mode. The maximum
operating frequency in this standby mode is limited to 2 MHz. The small 1.2V regulator
supports full power and standby mode. The small 2.7V regulator supports full power,
standby, and power down modes. In the small 2.7V regulator's power down mode, the 2.7
V supply is completely shut off. As a result, all on-chip clock sources are disabled. To
operate the chip in this mode, the user must provide an external clock through the
CLKINO/1 pin. The power mode controls for the regulators are in the SIM module.

The PMC incorporates power-on reset logic and two levels of low voltage detection. A
hysteresis circuit ensures that power-on reset does not release until the supply rises above
the Low-Voltage Warning (LVI_2p7) threshold, which is around 2.7V, where the device
can operate safely over all conditions. On falling voltage conditions, the device continues
to operate below LVI_2p7 and a lower Low-Voltage Alarm (LVI_2p2) threshold, which
1s around 2.2V, until a POR level is reached where the device is ultimately forced to
reset. The interrupts associated with both thresholds are able to generate when each
threshold is reached. This approach offers the opportunity to disable non-essential
operations and configure the device in a safe minimum power state until the power is
restored. Under falling voltage, POR reset does not assert until the low POR threshold is
violated at 2.0 V, so that the maximum time is allowed for orderly shutdown.

The primary methods for power management during device operation are the module-
specific clock enables, clock frequency control, clock gating associated with the use of
low power modes, and clock gating added by power synthesis. The individual digital
module can be placed in sleep state by turning off the module clock in SIM. Analog
module can be placed in low power mode by enabling the power down mode in the
respective module. Clock frequency control is performed by the OCCS module which
provides flexible control of operating frequency. Clock tree implementation further limits
power by denying clocks to registers which are not changing state.

6.3 User Power Management Methods

The primary means available to manage power consumption are clock enables, limiting
clock frequency, using low power modes, and using DMA. Further indirect power
savings can be achieved by reducing unnecessary signal transitions through careful
crafting of application software.

The most basic form of power control are module enables. Selected peripherals provide
their own clock gating controls back to the SIM. Using these controls, clock generation is
gated off in the SIM when not required by the peripheral. Module enables are also used to
power off embedded analog functions when not in use. It is therefore advantageous to
leave system and peripheral functions disabled if not currently in use.
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Clock frequency control is performed in the OCCS. The OCCS provides the means to
perform glitch-free transitions between the available clock sources including external
crystal oscillator, 8 MHz / 2 MHz Internal Reference Clock (IRC), 200 kHz internal
oscillator and an external clock. Only clock sources currently in use should be powered
on. The PLL should only be powered on when necessary to produce higher operating
frequencies. A post scaler with up to 256x division is provided to reduce the active clock
source frequency (PLL output or oscillator) even further for power savings. This gives
the part flexible frequency control from full speed (100 MHz core rate and 50 MHz
system bus rate) to below 1 kHz for both core and system bus.

Low power modes are entered via the core processor upon execution of STOP or WAIT
instructions and conveyed to the SIM, which performs related clock gating for RUN,
WAIT, and STOP modes. The processor and processor dependent clocks operate only in
RUN mode. Peripheral clocks do not operate in any power mode until enabled
individually by the user in the SIM. Once enabled, they normally run only in RUN and
WAIT modes and must be specifically overridden with settings in the respective module,
to remain clocked in STOP mode.

The DMA controller contributes to power management by permitting peripheral I/O to be
serviced by the DMA while the core remains unclocked in WAIT mode. By eliminating
the requirement for the core to service the related interrupts, the DMA decreases the
frequency and duration of intervals where the core must be returned to RUN mode to
service interrupts.

Additional power savings can be achieved by crafting application software to avoid
unnecessary register state transitions and to configure module-specific frequency controls
to use the lowest-supportable operating rates that satisfy application requirements.

6.4 Power Modes

The CPU has three primary modes of operation: RUN, WAIT, and STOP modes.
Additional low power operating modes can reduce run-time power when maximum bus
frequency is not required to support application needs.

The flash memory module has three power modes: Full Power mode, Low Power mode,
and Low Power Stop mode. When the device enters low power mode, flash memory will
enter the corresponding low power mode. Flash read is allowed in low power mode but
operation frequency must be below 1 MHz, while all flash commands are not executable.

DMA can be enabled in any of the power modes. About more details of eDMA in STOP
mode, see "Modes of Operation" section in the SIM chapter.
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Various of the low power modes (set by adjusting clock rate in OCCS and
SIM_PWRMODE register) function only if the FOPT[0] bit is set.

Table 6-1. Power Modes of Operation (fast mode: with core frequency 100 MHz and bus
clock 50 MHz)

Chip
Power
Mode

CPU Clock

Peripheral
Clock

Small
Regulator
2.7V

Small
Regulator
1.2V

Large
Regulator
1.2V

Flash
Power
Mode

Max.
System
Clock
Freq.

Wakeup
Source

RUN

ON

ON

Full Power

Full Power

Full Power

Full Power

100 MHz

NA

WAIT

OFF

ON

Full Power

Full Power

Full Power

Full Power

100 MHz

Peripheral
interrupt
and/or reset

STOP!

OFF

OFF2

Full Power

Full Power

Full Power

Full Power

100 MHz 2

Interrupt
from clock
enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP)

LPRUN

ON

ON

Standby

Standby

Standby

Low Power 3

2 MHZ®

NA

LPWAIT

OFF

ON

Standby

Standby

Standby

Low Power3

2 MHz3

Peripheral
interrupt
and/or reset

LPSTOP!

OFF

OFF?

Standby

Standby

Standby

Low Power
Stop?

2 MHz2 3

Interrupt
from clock
enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP)

VLPRUN 4

ON

ON

Power Down

Standby

Standby

Low Power

200 kHz

NA

VLPWAIT#

OFF

ON

Power Down

Standby

Standby

Low Power

200 kHz

Peripheral
interrupt
and/or reset

VLPSTOP"
4

OFF

OFF2

Power Down

Standby

Standby

Low Power
Stop

200 kHz?

Interrupt
from clock
enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP)

1. If DMA is enabled in any STOP mode, flash memory will not enter its Low Power Stop mode.
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2. Inall STOP modes, the clock to some portions of SIM logic is never gated. In addition, the user can enable the clock of
select peripherals by setting the corresponding bit in one of the SIM's SDn registers.

3. For any chip LP mode, the clock source ROSC should be in standby mode. In that case, the maximum system frequency
is 2 MHz. The PLL is shut down in LP modes. In all chip LP modes and flash memory Low Power modes, the maximum
frequency for flash memory operation is 500 kHz due to the fixed frequency ratio of 1:4 between the CPU clock and the
flash clock.

4. When the chip is in any VLP mode, all internal clock sources are unavailable. To operate the chip in those modes, the user
must provide a clock through the CLKINO/1 port.

Table 6-2. Power Modes of Operation (normal mode: with both core frequency and bus
clock as 50 MHz)

Chip
Power
Mode

CPU Clock

Peripheral
Clock

Small
Regulator
27V

Small
Regulator
1.2V

Large
Regulator
1.2V

Flash
Power
Mode

Max.
System
Clock
Freq.

Wakeup
Source

RUN

ON

ON

Full Power

Full Power

Full Power

Full Power

50 MHz

NA

WAIT

OFF

ON

Full Power

Full Power

Full Power

Full Power

50 MHz

Peripheral
interrupt
and/or reset

STOP!

OFF

OFF?

Full Power

Full Power

Full Power

Full Power

50 MHz

Interrupt
from clock
enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCl,
CMP)

LPRUN

ON

ON

Standby

Standby

Standby

Low Power 3

1 MHz3

NA

LPWAIT

OFF

ON

Standby

Standby

Standby

Low Power3

1 MHz3

Peripheral
interrupt
and/or reset

LPSTOP!

OFF

OFF2

Standby

Standby

Standby

Low Power
Stop?

1 MHz2 3

Interrupt
from clock
enabled
peripherals
(SD bit
support)/
reset/ async
interrupts
(12C, SCil,
CMP)

VLPRUN 4

ON

ON

Power Down

Standby

Standby

Low Power

100 kHz

NA

VLPWAIT#

OFF

ON

Power Down

Standby

Standby

Low Power

100 kHz

Peripheral
interrupt
and/or reset

VLPSTOP"
4

OFF

OFF?2

Power Down

Standby

Standby

Low Power
Stop
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Power Mode Transitions

Table 6-2. Power Modes of Operation (normal mode: with both core frequency and bus
clock as 50 MHz)

Chip CPU Clock | Peripheral Small Small Large Flash Max. Wakeup
Power Clock Regulator | Regulator | Regulator Power System Source
Mode 27V 1.2V 1.2V Mode Clock
Freq.
interrupts
(12C, SCl,
CMP)

—_

If DMA is enabled in any STOP mode, flash memory will not enter its Low Power Stop mode.

2. Inall STOP modes, the clock to some portions of SIM logic is never gated. In addition, the user can enable the clock of
select peripherals by setting the corresponding bit in one of the SIM's SDn registers.

3. For any chip LP mode the clock source ROSC should be in standby mode. In that case, the maximum system frequency is
1 MHz. The PLL is shut down in LP modes. In all chip LP modes and flash memory Low Power modes, the maximum
frequency for flash memory operation is 500 kHz due to the fixed frequency ratio of 1:2 between the CPU clock and the
flash clock.

4. When the chip is in any VLP mode, all internal clock sources are unavailable. To operate the chip in those modes, the user

must provide a clock through the CLKINO/1 port.

6.5 Power Mode Transitions

The following figure shows the chip's power modes and the available transitions among
them.
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RESET

Figure 6-1. Power mode state transitions

The following table defines triggers for the various state transitions shown in the
preceding figure.

NOTE
To prevent current leakage in any VLP mode, ensure the
following settings apply before entering the VLP mode:
1. The OCCS_CTRL[PLLPD] bit is 1.
2. The PWMA_FRCTRL[FRAC_PU] bit is 0.
3. The OCCS_OSCTLI1[ROPD], OSCTL2[COPD], and
OSCTL2[ROPD200K] bits are each 1.

Table 6-3. Power Mode Transitions (fast mode: with core frequency 100 MHz and bus clock

50 MHz)
Transition From To Device configuration and/or trigger condition
number
1 RUN WAIT 1. Ensure the SIM_CTRLJ[O0] bit is clear (SIM_CTRL[WAIT_DISABLE] = 00b
or 10b).

Table continues on the next page...
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Table 6-3. Power Mode Transitions (fast mode: with core frequency 100 MHz and bus clock
50 MHz) (continued)

Transition From To Device configuration and/or trigger condition
number

2. Execute the WAIT instruction.

WAIT RUN Synchronous interrupt or reset
2 RUN STOP 1. Ensure SIM_CTRLI[2] is clear.
2. Execute the STOP instruction.
STOP RUN 1. Synchronous interrupt from a peripheral whose clock is enabled in stop

mode by setting the corresponding SIM_SDn bit.

2. Asynchronous interrupt from an 12C module, a CMP module, or an LVD
event.

3. POR or PIN reset.

3 RUN LPRUN 1. If the system is running with the PLL, then switch the clock source to

XOSC or internal oscillators by setting OCCS_CTRL[ZSRC] to Ob.

Before changing ZSRC, ensure the MSTR_OSC clock is stable.

Put the PLL in power down mode by setting OCCS_CTRL[PLLPD].

If the internal oscillator is used during LP mode, put the crystal oscillator in

power down mode by setting OSCTL2[COPD] to 1, and put IRC in standby

mode (2MHz) by settting OCCS_OSCTL1[ROSB] to 1.

5. Similarly, if the crystal oscillator is used, put the internal oscillators in
power down mode by setting OSCTL1[ROPD] to 1 and
OSCTL2[ROPD200K] to 1.

6. Configure the OCCS_DIVBY[COD] field to ensure the system clock
frequency (SYS_CLK) does not exceed 2 MHz.

7. Set SIM_PWRMODE[LPMODE].

LPRUN RUN Clear the SIM_PWRMODE[LPMODE] bit.

4 LPRUN LPWAIT 1. Ensure SIM_CTRLJO0] is clear.
2. Execute the WAIT instruction.

LPWAIT LPRUN |Synchronous interrupt or reset

5 LPRUN LPSTOP 1. Ensure SIM_CTRL[2] is clear.
2. Execute the STOP instruction.

LPSTOP LPRUN 1. Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

2. Asynchronous interrupt from an I12C module, a CMP module, or an LVD
event.

3. POR or PIN reset.

6 RUN VLPRUN 1. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to
ensure the CLKIN path is selected as the system clock (SYS_CLK) with a
maximum frequency of 200 kHz.

2. Set SIM_PWRMODE[VLPMODE] to 1.

VLPRUN RUN 1. Clear the SIM_PWRMODE[VLPMODE] and SIM_PWRMODE[LPMODE]
bits (if they are already set).
2. Wait for the PMC_STS[SR27] bit to be set.

7 VLPRUN | VLPWAIT 1. Ensure SIM_CTRL[0] is clear.
2. Execute the WAIT instruction.

VLPWAIT | VLPRUN |Synchronous interrupt or reset

8 VLPRUN | VLPSTOP 1. Ensure SIM_CTRL[2] is clear.
2. Execute the STOP instruction.

VLPSTOP | VLPRUN 1. Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

rPoND

Table continues on the next page...
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Table 6-3. Power Mode Transitions (fast mode: with core frequency 100 MHz and bus clock
50 MHz) (continued)

Transition From To Device configuration and/or trigger condition
number

2. Asynchronous interrupt from an 12C module, a CMP module, or an LVD
event.
3. POR or PIN reset.

. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to
ensure the CLKIN path is selected as the system clock (SYS_CLK) with a
maximum frequency of 200 kHz.

Set SIM_PWRMODE[VLPMODE] to 1.

Ensure the LPMODE bit is set.
Clear SIM_PWRMODE[VLPMODE] to 0.
Wait for PMC_STS[SR27] bit to be set.

9 LPRUN VLPRUN

—_

VLPRUN LPRUN

wh =

Table 6-4. Power Mode Transitions (normal mode: with both core frequency and bus clock

as 50 MHz)
Transition From To Device configuration and/or trigger condition
number
1 RUN WAIT 1. Ensure the SIM_CTRLJ[O] bit is clear (SIM_CTRL[WAIT_DISABLE] = 00b
or 10b).
2. Execute the WAIT instruction.
WAIT RUN Synchronous interrupt or reset
2 RUN STOP 1. Ensure SIM_CTRL[2] is clear.
2. Execute the STOP instruction.
STOP RUN 1. Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.
2. Asynchronous interrupt from an 12C module, a CMP module, or an LVD
event.
3. POR or PIN reset.
3 RUN LPRUN 1. If the system is running with the PLL, then switch the clock source to

XOSC or internal oscillators by setting OCCS_CTRL[ZSRC] to Ob.

2. Before changing ZSRC, ensure the MSTR_OSC clock is stable.

3. Put the PLL in power down mode by setting OCCS_CTRL[PLLPD].

4. If the internal oscillator is used during LP mode, put the crystal oscillator in
power down mode by setting OSCTL2[COPD] to 1, and put IRC in standby
mode (2MHz) by settting OCCS_OSCTL1[ROSB] to 1.

5. Similarly, if the crystal oscillator is used, put the ROSC in power down
mode by setting OSCTL1[ROPD] to 1 and OSCTL2[ROPD200K] to 1.

6. Configure the OCCS_DIVBY[COD] field to ensure the system clock
frequency (SYS_CLK) does not exceed 1 MHz.

7. Set SIM_PWRMODE[LPMODE].

LPRUN RUN Clear the SIM_PWRMODE[LPMODE] bit.

4 LPRUN LPWAIT 1. Ensure SIM_CTRLJO0] is clear.
2. Execute the WAIT instruction.

LPWAIT LPRUN |Synchronous interrupt or reset

5 LPRUN LPSTOP 1. Ensure SIM_CTRL[2] is clear.
2. Execute the STOP instruction.

Table continues on the next page...
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Power Mode Transitions

Table 6-4. Power Mode Transitions (normal mode: with both core frequency and bus clock
as 50 MHz) (continued)

Transition
number

From

To

Device configuration and/or trigger condition

LPSTOP

LPRUN

. Synchronous interrupt from a peripheral whose clock is enabled in stop

mode by setting the corresponding SIM_SDn bit.

Asynchronous interrupt from an 12C module, a CMP module, or an LVD
event.

POR or PIN reset.

RUN

VLPRUN

1. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to

ensure the CLKIN path is selected as the system clock (SYS_CLK) with a
maximum frequency of 100 kHz.
Set SIM_PWRMODE[VLPMODE] to 1.

VLPRUN

RUN

1. Clear the SIM_PWRMODE[VLPMODE] and SIM_PWRMODE[LPMODE]

2.

bits (if they are already set).
Wait for the PMC_STS[SR27] bit to be set.

VLPRUN

VLPWAIT

1.
2.

Ensure SIM_CTRL]O0] is clear.
Execute the WAIT instruction.

VLPWAIT

VLPRUN

Synchronous interrupt or reset

VLPRUN

VLPSTOP

1.
2.

Ensure SIM_CTRL][2] is clear.
Execute the STOP instruction.

VLPSTOP

VLPRUN

1.

Synchronous interrupt from a peripheral whose clock is enabled in stop
mode by setting the corresponding SIM_SDn bit.

Asynchronous interrupt from an 12C module, a CMP module, or an LVD
event.

POR or PIN reset.

LPRUN

VLPRUN

—_

. Configure OCCS registers (EXT_SEL, PRECS, ZSRC, and COD) to

ensure the CLKIN path is selected as the system clock (SYS_CLK) with a
maximum frequency of 100 kHz.
Set SIM_PWRMODE[VLPMODE] to 1.

VLPRUN

LPRUN

wh =N

Ensure the LPMODE bit is set.
Clear SIM_PWRMODE[VLPMODE] to 0.
Wait for PMC_STS[SR27] bit to be set.
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Chapter 7
Memory Resource Protection (MRP)

Memory resource protection allows two levels of software to co-exist in the DSC core,
while maintaining hardware-enforced isolation. The levels are designated supervisor
software and user software. The hardware feature along with appropriate software
architecture allow the system to protect supervisor programs and resources being
accessed from user programs.

This resource protection allows unverified or third-party software to safely run in user
mode, allowing it to only access unprotected memory locations and resources.

The software enablement of resource protection is provided in the MCM's Resource
Protection Control Register (RPCR).

The resource protection features provided are:

e Partition software into two modes: supervisor software and user software

* Partition system address spaces and resources, both code and data, into two modes
* Provide secure methods of transfer between modes

* Provide separate stacks and stack pointers for supervisor and user modes

7.1 Overview

The software is able to be partitioned into two modes: supervisor and user. The system
resources are partitioned for both code and data into supervisor and user regions.
Supervisor code can only be executed from supervisor regions and user code can only be
executed from user regions. The data regions defined as supervisor can be accessed only
by supervisor code; the user data regions can be accessed by both supervisor and user
code.

Table 7-1. Resource Protection Accesses

System Resource Supervisor Code User Code

Supervisor data Allowed Prohibited

Table continues on the next page...
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Features

Table 7-1. Resource Protection Accesses (continued)

System Resource Supervisor Code User Code
User data Allowed Allowed
Peripheral space Allowed Prohibited
Debug resources Allowed Prohibited
NOTE

User mode cannot directly access peripheral space, or EOnCE
registers. It can access only the user mode portion of flash
memory, Boot ROM and RAM.

Supervisor code may access anywhere in supervisor or user space. Supervisor code may
branch into user code by executing one of the three DSC "return from interrupt"
instructions (RTI, RTID, FRTID). User code may access anywhere in user space. If user
code attempts to branch into supervisor space or to reference data in supervisor space, the
memory reference is aborted, producing a fault and generating an interrupt. User code
may safely return control to supervisor program and data memory spaces with system
calls using the SWI (software interrupt) instruction. Additionally, any interrupt exception
forces entry to supervisor mode.

7.2 Features
The resource protection features are:
» Two stack pointer registers: active and "other"
* Flash memory regions defined with 8 KB granularity
* RAM memory regions defined with 512 byte granularity
* Boot ROM memory regions defined with 512 byte granularity
» Hardware-managed stack pointer register visible to software
* Supervisor stack pointer guaranteed on software faults and interrupts
 Stack pointer swap managed in hardware for supervisor-to-user transition via the
RTI, RTID, FRTID instructions
» User-to-supervisor transition and stack pointer register swap managed on SWI
instruction and all interrupts

7.3 Operation

Each of the protected code and data memory regions—flash memory, Boot ROM and
RAM-—are divided into two address spaces through supervisor-only memory-mapped
programmable registers: the UFLASHBAR (User Flash Base Address Register),
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Chapter 7 Memory Resource Protection (MRP)
UBROMBAR (User Boot ROM Base Address Register) and UPRAMBAR (User PRAM
Base Address Register) . These registers define the base address for each region.
Locations above this base address consist of user space, and locations below the base
address are in the supervisor area.

The following diagram shows the allowed transitions between supervisor and user modes.
Faulting transitions and illegal data references show the fault indicators for each illegal
operation.
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Operation

Go to ISR
No
Yes 5C in No Mode =
Mode = SUPV
SUPV N | USER
no = ok no = ok
yes = ok -5 yes =0k operand>_ _ No =
l access
yes OP addr in no = ok Y
-
yes = ok RTI,RTID, no = ok Y
— FRTID 2 1 MRP data access fault
Misaligned vector ] SWAP,
FRTID ?
no = ok no = ok
-— ) =
MRP illegal fault
yes = ok Mode = USER illegal inst vector
Mode = SUPV no = ok
- .
yes = ok q
-«
Mode = Supy >R 8% no = ok
MRP illegal fault Mode = USER
no illegal inst vector
MRP illegal fault
illegal inst vector
MRP illegal fault
v V Mode = USER illegal inst vector 7
Terms:

ifault: Resource Protection illegal fault uses illegal instruction vector
dfault: Resource Protection data access fault uses misaligned vector
SUPV = supervisor

USER = user

operand access: current instruction that performs any operand read or write
Figure 7-1. MRP flows
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Chapter 7 Memory Resource Protection (MRP)
The transition from supervisor code to user code is managed via the RTI, RTID, and
FRTID instructions. The only transition from user code to supervisor code is via an
interrupt or a fault triggered by a user software attempt to access a restricted region. Any
other attempt results in a fault and subsequent return to supervisor mode. The preferred
method for a user program to return to supervisor mode is to perform a system call via
the SWI instruction. Additionally, user mode code is restricted from modifying SR
(Status Register) bits [9:8] (interrupt mask level bits). Any attempt by user code to
modify these bits is ignored.

Region transition is managed via the stack pointer. The DSC core controls the stack
pointers (SP) as follows:

1. The hardware manages two SPs: a supervisor SP and a user SP. For correct and
secure operation, the supervisor stack is located in supervisor RAM space and the
user stack is located in user RAM space. Both spaces are defined by the contents of
the UPRAMBAR.

2. The hardware manages one SP as the "active" stack pointer and the alternate as the
"other" stack pointer. The active stack pointer resides in the core's SP register. The
other stack pointer resides in a supervisor-only memory-mapped register.

3. On all faults and interrupts (supervisor mode entry points), the hardware guarantees
the supervisor stack pointer is the active stack pointer. In other words, on all faults
and interrupts:

* If the supervisor stack pointer is in the SP register, interrupt processing
continues.

* If the user stack pointer is the active pointer and in the SP register, the hardware
first swaps the SP register with the "other" stack pointer register, activating the
supervisor stack pointer and saving the user SP before proceeding with interrupt
processing.

4. Similar operations involving the two stack pointers are performed on possible
supervisor mode exit points. On a return from interrupt instructions (RTI, RTID,
FRTID), if the instruction is in supervisor code space and the target instruction
address of the return is in user code space, the hardware:

a. Swaps the SP holding the supervisor stack pointer with the "other" stack pointer
register, activating the user stack pointer and saving the supervisor SP in the
“other” SP register.

b. Passes control to the user mode code.

If the return target is located in the supervisor address space, then no stack pointer
exchange is required and control immediately passes to the target instruction.

5. Stack pointer swaps occur such that all faults and interrupts are processed on the
supervisor stack.

6. Stack pointer swaps do not incur any delay (they occur with zero cycle overhead).
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The transfer from supervisor to user mode is done by the execution of a RTI, RTID, or
FRTID instruction in supervisor space with a target in user space. All other transfers from
supervisor code space to user code space result in a fault.

The only allowable state transition from user code to supervisor code is via a fault or an
interrupt. The preferred, graceful method for a user program to perform a system call to
pass control to supervisor code is via the SWI instruction.

7.4 Programming Model Overview

The resource protection registers are available only when memory resource protection is
enabled. These registers reside in the MCM, and the addresses are offsets of the MCM's
base address. The MCM is a supervisor-only space, so all registers must be accessed by
supervisor code.

7.5 Memory Resource Protection Restrictions
In resource protection mode, the following restrictions apply:
* An attempt to execute the following supervisor-only instructions when in user mode
produces an illegal fault:
 FTRID
« SWAP
* An attempt to execute the following instructions when in user mode results in an
illegal fault if the target is in supervisor space:
* RTI
* RTID
* In resource protection mode, the following registers are supervisor only:
» All shadow registers
» The SR (status register) bits [9:8] (interrupt mask level bits) cannot be modified by
user code.

7.6 Base Address Setup

The UFLASHBAR, UBROMBAR and UPRAMBAR registers express the size of the
portion of the flash memory, or Boot ROM, or program RAM that is used for supervisor
space when resource protection is enabled. The hardware manages this information
correctly for accesses to flash memory, or Boot ROM, or RAM for both program and
data memory accesses.
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UFLASHBAR Example

If resource protection is enabled and the primary program/data flash memory size is 64
KB (32 KW), setting the UFLASHBAR to 8000h defines the supervisor access region to
be 32 KB. As a result, for both the program memory map and the data memory map, the
supervisor access region occupies the bottom half of the primary program/data flash
memory space and the user access region occupies the upper 32 KB of the space.

* Program (PDB bus) accesses to flash memory use the program memory map.

* Data (XAB1 or XAB2 bus) accesses to flash memory use the data memory map.

Total flash memory size = 64 KB

64 KB

User mode
access

32 KB

UFLASHBAR[31:0] = 0x0000_8000

Supervisor mode
access

0 bytes (flash memory base address)
Figure 7-2. Flash Memory Base Address Setup Example

UPRAMBAR Example

If resource protection is enabled and the RAM size is 32 KB (16 KW), setting the
UPRAMBAR to 4000h defines the supervisor access region to be 16 KB. As a result, for
both the program memory map and the data memory map, the supervisor access region
occupies the bottom half of the RAM space and the user access region occupies the upper
16 KB of the space.

* Program (PDB bus) accesses to RAM use the program memory map.

* Data (XAB1 or XAB2 bus) accesses to RAM use the data memory map.
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Total PRAM size = 32 KB

32 KB

User mode
access

16 KB

UPRAMBARI[31:0] = 0x0000_4000

Supervisor mode
access

0 bytes (RAM base address)

Figure 7-3. RAM Base Address Setup Example

NOTE
Similar case also applies to UBROMBAR setup.

7.7 Programming Example
To set up MRP and enter user mode, follow these required steps:

1.

SN e

Initialize the UFLASHBAR, setting the base address of the user region in flash
memory.

Initialize the UPRAMBAR, setting the base address of the user region in RAM.
Initialize the UBROMBAR, setting the base address of the user region in Boot ROM.
Set up the user stack pointer via the MCM_SRPOSP register.

Enable resource protection using the MCM_RPCR[RPE] bit.

Push the desired user Status Register (SR) value and user Program Counter (PC) on
the supervisor stack.

Execute a return from interrupt instruction (RTI, RTID, or FRTID), which reads the
user Status Register (SR) value and user Program Counter (PC) from the supervisor
stack to switch from supervisor to user mode.
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It is recommended that user control is relinquished by the execution of an SWI
instruction, returning control to the supervisor.
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Chapter 8
Miscellaneous Control Module (MCM)

8.1 Introduction

The Miscellaneous Control Module (MCM) provides a myriad of miscellaneous control
functions.

8.1.1 Features
The MCM provides the following:

* Program-visible information about the configuration and revision of the core and
select system peripherals

» Registers for capturing information about core and core-peripheral bus errors, if
enabled

 Control and configuration of memory resource protection (MRP)

8.2 Functional Description

This section describes the functional description of MCM module.

8.2.1 Core Data Fault Recovery Registers

To aid in recovery from certain types of access errors, the MCM module supports a
number of registers that capture access address, attribute, and data information on bus
cycles terminated with an error response. These registers can then be read during the
resulting exception service routine and the appropriate recovery performed.
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Memory Map/Register Descriptions

The details on the core fault recovery registers are provided in the above sections. It is
important to note these registers are used to capture fault recovery information on any
processor-initiated system bus cycle terminated with an error.

8.3 Memory Map/Register Descriptions

8.3.1 MCM register descriptions

Restriction

The MCM is a supervisor-only space. All MCM registers must
be accessed by supervisor code.

In addition, each MCM register must be written in an access
size equal to the register's width. For example, a 32-bit register
must be written using a 32-bit access.

NOTE

The base address and offsets for these registers are presented in
terms of bytes.

8.3.1.1 MCM memory map
MCM base address: 1_8000h

Offset Register Width | Access | Reset value
(In bits)

8h Crossbar switch (AXBS) slave configuration (PLASC) 16 RO 000Fh
Ah Crossbar switch (AXBS) master configuration (PLAMC) 16 RO 000Fh
Ch Core platform control register (CPCR) 32 RW 0000_0000h
10h Core fault address register (CFADR) 32 RO Table 8-
14h Core fault attributes register (CFATR) 8 RO Table 8-
15h Core fault location register (CFLOC) 8 RO 00h
16h Core fault interrupt enable register (CFIER) 8 RwW 00h
17h MCM interrupt status register (CFISR) 8 W1C 00h
18h Core fault data register (CFDTR) 32 RO Table 8-
20h Resource Protection Control Register (RPCR) 32 RW 0000_0000h
24h User Flash Base Address Register (UFLASHBAR) 32 RwW 0000_0000h

Table continues on the next page...
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Offset Register Width | Access | Reset value
(In bits)

28h User Program RAM Base Address Register (UPRAMBAR) 32 RwW 0000_0000h

2Ch User Boot ROM Base Address Register (UBROMBAR) 32 RwW 0000_0000h

30h Resource Protection Other Stack Pointer (SRPOSP) 32 RW 0000_0000h

34h Memory Protection lllegal PC (SRPIPC) 32 wW1C 0000_0000h

38h Resource Protection Misaligned PC (SRPMPC) 32 W1C 0000_0000h

8.3.1.2 Crossbar switch (AXBS) slave configuration (PLASC)

8.3.1.2.1 Offset

Register Offset
PLASC 8h

8.3.1.2.2 Function

The PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device's Crossbar Switch (AXBS), plus a 1-bit flag defining the
internal data-path width (DP64). The state of this register is defined by a module input
signal; it can only be read from the programming model. Any attempted write is ignored.

8.3.1.2.3 Diagram

Bits 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
3 O
R © o
o 2
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

8.3.1.2.4 Fields

Field Function
15 Indicates if the platform data-path is 32 or 64 bits wide
DP64 Ob - Data-path width is 32 bits
1b - Data-path width is 64 bits

Table continues on the next page...

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 163




Memory Map/Register Descriptions

Field Function

14-8 Reserved

7-0 Each bit in the ASC field indicates if there is a corresponding connection to the AXBS slave input port.
ASC For this device, this field always read OxOF.

0000_0000b - A bus slave connection to AXBS input port n is absent
0000_0001b - A bus slave connection to AXBS input port n is present

8.3.1.3 Crossbar switch (AXBS) master configuration (PLAMC)

8.3.1.3.1 Offset

Register Offset
PLAMC Ah
8.3.1.3.2 Function

The PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's Crossbar Switch (AXBS). The state of this register is defined
by a module input signal; it can only be read from the programming model. Any
attempted write is ignored.

8.3.1.3.3 Diagram
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 AMC
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
8.3.1.3.4 Fields
Field Function
15-8 Reserved
7-0 Each bit in the AMC field indicates if there is a corresponding connection to the AXBS master input port.
AMC For this device, this field always reads OxOF.
0000_0000b - A bus master connection to AXBS input port n is absent
0000_0001b - A bus master connection to AXBS input port n is present
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8.3.1.4 Core platform control register (CPCR)

8.3.1.4.1 Offset

Register Offset
CPCR Ch

8.3.1.4.2 Function

The 32-bit CPCR provides a program-visible register for user-defined control functions.
Typically it controls the configuration of various chip-level modules. The lower word of
this register is output from the MCM to other modules where the user-defined control
functions are implemented. The upper word of this register is used to control core
functions.

Restriction

This register must be written in a 32-bit access to change the
core configuration.

8.3.1.4.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
2 |¢ 0
& = n [92] n
Tz |8 o |2 |13 |a |a
o @ 7 o)
< Q 3 o o O N
a = Q = n s z
W ><

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
W Reserved DMA_CLR_FSM

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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8.3.1.4.4 Fields

Field Function
31 Select DMA Controller priority in AXBS Crossbar Switch arbitration scheme
XBARARB Set the priority of the DMA Controller in the AXBS Crossbar Switch arbitration scheme. This device has 2
bus masters connected to the AXBS Crossbar Switch: the DMA Controller and the DSC core. For more
information about AXBS Crossbar Switch arbitration, see Arbitration
Ob - Fixed-priority arbitration is selected: DSC core has a higher priority than the DMA Controller's
priority
1b - Round-robin priority arbitration is selected: DMA Controller and DSC core have equal priority
30-21 This read-only bitfield is reserved and is reset to zero. Do not write to this bitfield (write only zeros) or
. indeterminate results will occur.
20 Disable Flash Memory Controller stall
FCSDIS Disables the Flash Memory Controller's ability to allow a flash memory access to initiate when a flash
memory command is executing.
Ob - Stall logic is enabled. While a flash memory command is executing, a flash memory access
can occur without causing a bus error. The flash memory command completes execution, and then
the flash memory access occurs.
1b - Stall logic is disabled. While a flash memory command is executing, an attempted flash
memory access causes a bus error.
19 Disable core instruction buffer
IBDIS Ob - Core long-word instruction buffer enabled
1b - Core long-word instruction buffer disabled
18 Disable core new shadow region
SRDIS When this bit is 1, only the AGU shadow registers supported by the DSP56800E core are enabled.
When this bit is 0, the additional AGU shadow registers on the DSP56800EX core are also enabled.
Ob - Core new shadow region enabled
1b - Core new shadow region disabled
17 Disable core reverse carry
RCDIS When this bit is 0, the core supports bit-reverse addressing mode.
When this bit is 1, the core does not support this mode.
Ob - Core reverse carry enabled
1b - Core reverse carry disabled
16 Disable instructions supported only by DSP56800EX core
INSDIS The instructions supported only by the DSP56800EX core are the BFSC and 32-bit multiply and MAC
instructions.
Ob - BFSC and 32-bit multiply and MAC instructions enabled
1b - BFSC and 32-bit multiply and MAC instructions disabled
15-10 Reserved
9-4 Reserved
3-0 Clear FSM for DMA
DMA_CLR_FSM |Control bits to clear FSM for channels 0-3 of the DMA slow to fast gasket.

NOTE: Do not write to this bitfield (write only zeros) or indeterminate results will occur.
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8.3.1.5 Core fault address register (CFADR)

8.3.1.5.1 Offset

Register Offset
CFADR 10h

8.3.1.5.2 Function

The CFADR is a read-only register indicating the address of the last core access
terminated with an error response.

NOTE
This register is not initialized at reset, so its reset value is
unknown.
8.3.1.5.3 Diagram
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R ADDR
W
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R ADDR
W
Reset u u u u u u u u u u u u u u u u
8.3.1.5.4 Fields
Field Function
31-0 Indicates the faulting address of the last core access terminated with an error response.
ADDR
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8.3.1.6 Core fault attributes register (CFATR)

8.3.1.6.1 Offset

Register

Offset

CFATR

14h

8.3.1.6.2 Function

The read-only CFATR register captures the processor’s attributes of the last faulted core
access to the system bus.

This register is not initialized at reset, so its reset value is

NOTE

unknown.

8.3.1.6.3 Diagram

Bits 7 6 5 4 3 1 0
o
Ll | L
"5 : ° it g
(9p] S (-
m
W
Reset u u u u u u u

8.3.1.6.4 Fields

Field Function
7 Direction of last faulted core access
DIR Ob - Core read access
1b - Core write access
6-4 Size of last faulted core access
000b - 8-bit
SIZE 001b - 16-bit
010b - 32-bit
3 Reserved
2 Indicates if last faulted core access was bufferable
0b - Non-bufferable
BUFFER 1b - Bufferable
1 Reserved

Table continues on the next page...
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Field Function
0 Type of last faulted core access
TYPE 0b - Instruction

1b - Data

8.3.1.7 Core fault location register (CFLOC)

8.3.1.7.1 Offset

Register Offset
CFLOC 15h
8.3.1.7.2 Function

The read-only CFLOC register indicates the location of the last captured fault.

8.3.1.7.3 Diagram
Bits 7 6 5 4 | 3 2 1 0
R LOC 0
w
Reset 0 0 0 0 | 0 0 0 0
8.3.1.7.4 Fields
Field Function
7-6 Location of last captured fault
LOC 00b - Error occurred on MO (instruction bus)
01b - Error occurred on M1 (operand A bus)
10b - Error occurred on M2 (operand B bus)
11b - Reserved
5-0 Reserved
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8.3.1.8 Core fault interrupt enable register (CFIER)

8.3.1.8.1 Offset

Register Offset
CFIER 16h

8.3.1.8.2 Function
The CFIER register enables the system bus-error interrupt.

8.3.1.8.3 Diagram

Bits 7 6 5 4 | 3 2 1 0
R m o
o)
W L
Reset 0 0 0 0 | 0 0 0 0

8.3.1.8.4 Fields

Field Function
7 Enable core fault error interrupt
ECFEI Ob - Do not generate an error interrupt on a faulted system bus cycle

1b - Generate an error interrupt to the interrupt controller on a faulted system bus cycle
6-0 Reserved

8.3.1.9 MCM interrupt status register (CFISR)

8.3.1.9.1 Offset

Register Offset
CFISR 17h
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8.3.1.9.2 Function

This register

indicates if a core fault interrupt has occurred.

8.3.1.9.3 Diagram

Bits 7 6 5 4 3 2 1 0

_ 1
R E 8 o

L
© )
W Q )
= =

Reset 0 0 0 0 0 0 0 0

8.3.1.9.4 Fields

Field Function
7 Core fault error interrupt flag
CFElI Indicates if a bus fault has occurred. Writing a 1 clears this bit and negates the interrupt request. Writing a

0 has no effect.

NOTE: This bit reports core faults regardless of the setting of CFIER[ECFEI]. Therefore, if the error
interrupt is disabled and a core fault occurs, this bit is set. Then, if the error interrupt is
subsequently enabled, an interrupt is immediately requested. To prevent an undesired interrupt,
clear the captured error by writing one to CFEI before enabling the interrupt.

Ob - No bus error
1b - A bus error has occurred. The faulting address, attributes (and possibly write data) are
captured in the CFADR, CFATR, and CFDTR registers. The error interrupt is enabled only if
CFIER[ECFEI] is set.
6 Core fault error data lost flag
CFEDL Indicates that the address, attribute and data registers have been reloaded in response to a bus error
before the previous error data was retrieved.
0Ob - No bus error data lost
1b - A bus error has occurred before the previous error condition was cleared.
5-0 Reserved

8.3.1.10 Core fault data register (CFDTR)

8.3.1.10.1

Offset

Register

Offset

CFDTR

18h
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8.3.1.10.2 Function

The CFDTR is a read-only register for capturing the data associated with the last faulted
processor write data access from the device’s internal bus. The CFDTR is valid only for
faulted internal bus-write accesses; CFLOC[LOC] is cleared.

NOTE
This register is not initialized at reset, so its reset value is
unknown.
8.3.1.10.3 Diagram
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R DATA
w
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R DATA
w
Reset u u u u u u u u u u u u u u u u
8.3.1.10.4 Fields
Field Function
31-0 Contains write data associated with the faulting access of the last internal bus write access. The data

DATA value is taken directly from the write data bus. Read data is not captured.

8.3.1.11 Resource Protection Control Register (RPCR)

8.3.1.11.1 Offset

Register Offset
RPCR 20h
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8.3.1.11.2 Function

This register enables/disables memory resource protection (MRP) and locks/unlocks the

values of the RP-related registers.

The DSC core provides resource protection functionality. Refer to the detailed MRP
description for more information about how to use the RPCR and other RP registers.

NOTE
The following write accesses to the resource protection
registers are ignored and result in a bus error:
e Any non-32-bit write
* Any attempted write when resource protection hardware
features are not enabled
* Any attempted write when RPCR[RL] is set (reads are
allowed when RPCR[RL] is set)

The bus error interrupt must be enabled; otherwise, the errors
are ignored by the DSC core.

8.3.1.11.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

w
Rsst 0 0 O O O ©0 0 0[O O ©0 0 0 0 0 O
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0

" RL | RPE
Rsst 0 0 0 O O ©0 0 0[O O ©0 0 0 0 0 O

8.3.1.11.4 Fields

Field Function
31-2 Reserved
1 Register Lock
RL This bit controls whether the values of the UFLASHBAR, UPRAMBAR, SRPOSP, SRPIPC, and

SRPMPC registers can be modified.
Ob - RP register values may be changed
1b - RP registers are locked and may not be changed until after a system reset

0 Resource Protection Enable
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Field

Function

RPE Ob - Resource protection disabled
1b - Resource protection enabled

8.3.1.12 User Flash Base Address Register (UFLASHBAR)

8.3.1.12.1 Offset
Register Offset
UFLASHBAR 24h

8.3.1.12.2 Function
This register defines the size of the portion of flash memory that is used for supervisor
space when resource protection is enabled. The register can be used only when the
RPCR[RPE] bit is 1, and its value can be changed only when the RPCR[RL] bit is O.

8.3.1.12.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R
FBA
W
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
FBA
W
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
8.3.1.12.4 Fields
Field Function
31-18 Reserved
17-12 Flash Base Address for User Region
FBA Supports 4 KB granularity
11-0 Reserved
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8.3.1.13 User Program RAM Base Address Register (UPRAMBAR)

8.3.1.13.1 Offset
Register Offset
UPRAMBAR 28h

8.3.1.13.2 Function
This register defines the size of the portion of program RAM that is used for supervisor
space when resource protection is enabled. The register can be used only when the
RPCRI[RPE] bit is 1, and its value can be changed only when the RPCR[RL] bit is 0.

8.3.1.13.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0
w
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
RBA
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8.3.1.13.4 Fields
Field Function
31-15 Reserved
14-8 Program RAM Base Address for User Region
RBA Supports 256 byte granularity
7-0 Reserved
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8.3.1.14 User Boot ROM Base Address Register (UBROMBAR)

8.3.1.14.1 Offset

Register Offset
UBROMBAR 2Ch

8.3.1.14.2 Function

This register defines the size of the portion of boot ROM that is used for supervisor space
when resource protection is enabled. The register can be used only when the RPCR[RPE]
bit is 1, and its value can be changed only when the RPCR[RL] bit is O.

8.3.1.14.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R

w
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

8.3.1.14.4 Fields

Field Function
31-0 RBA
RBA Boot ROM Base Address for User Region

8.3.1.15 Resource Protection Other Stack Pointer (SRPOSP)
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8.3.1.15.1 Offset
Register Offset
SRPOSP 30h

8.3.1.15.2 Function

This register can be used only when the RPCR[RPE] bit is 1, and its value can be
changed only when the RPCR[RL] bit is 0.

8.3.1.15.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 0
SRPOSP
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
SRPOSP
w
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
8.3.1.15.4 Fields
Field Function
31-24 Reserved
23-0 Resource protection "other" SP
SRPOSP
8.3.1.16 Memory Protection lllegal PC (SRPIPC)
8.3.1.16.1 Offset
Register Offset
SRPIPC 34h
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8.3.1.16.2 Function

This register can be used only when the RPCR[RPE] bit is 1, and its value can be
changed only when the RPCR[RL] bit is O.

This register's fault indicators apply only to faults resulting from supervisor and user
access errors when resource protection is in effect. Other faults are not indicated in this
register.

8.3.1.16.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
O
z i
R | o o w
o id
@ »n
w2
=

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R SRPIFPC
w

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

8.3.1.16.4 Fields

Field Function

31 Resource Protection lllegal Fault Valid

SRPIFV When set, this bit indicates an RP illegal PC fault has occurred and the contents of SRPIFPC and
SRPIFOR fields are valid. A write of 1 to this bit clears both the SRPIFOR and SRPIFV bits.

30 Reserved
29-21 Reserved
20-0 Resource Protection lllegal Faulting PC

SRPIFPC This is the 21-bit illegal faulting PC only for a resource protection fault.
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8.3.1.17 Resource Protection Misalighed PC (SRPMPC)

8.3.1.17.1 Offset

Register Offset
SRPMPC 38h

8.3.1.17.2 Function

This register's fault indicators apply only to faults resulting from supervisor and user
access errors when resource protection is in effect. Other faults are not indicated in this
register.

8.3.1.17.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

(@)

o T

R [= o o é
o

e i3

* n
w |8
=

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R SRPMFPC
w

Reset 0O 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

8.3.1.17.4 Fields

Field Function

31 Resource Protection Misaligned Fault Valid

SRPMFV When set, this bit indicates an RP misaligned PC fault has occurred and the contents of the SRPMFPC
and SRPMFOR fields are valid. A write of 1 to this bit clears both the SRPMFOR and SRPMFYV bits.

30 Reserved

29-21 Reserved

Table continues on the next page...
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Field Function
20-0 Resource Protection Misaligned Faulting PC
SRPMFPC |This is the 21-bit misaligned faulting PC only for a resource protection data access fault.
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Chapter 9
System Integration Module (SIM)

9.1 Introduction

This specification describes the operation and functionality of the System Integration
Module for this device.

9.1.1 Overview

The System Integration Module (SIM) provides a variety of system control and status
functions.

The system integration module is responsible for the following control/status functions:
* Reset control and status
» User accessible Software Control Registers which reset only at power on.
* Internal clock generation
* Implementation of STOP and WAIT low power modes and related clock gating
» System status registers
» Registers for software access to the JTAG ID of the chip and suggested trim values
set at the factory
* Short addressing controls
» Test registers
» External and internal peripheral signal muxing control

9.1.2 Features

The SIM interacts with a variety of other on-chip resources and provides the following
services:
 Controls and sequences the release of internal reset signals.
* Generates pipelined system clocks including management of holdoffs and core stalls.
* Generates peripheral clocks configurable over power modes.
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* Manages low power mode entry and exit.

* Provides clock rate controls for selected peripherals.

* Selects the active peripheral function for IO when it is not used as GPIO.

* Provides write protection for safety critical memory mapped registers.

* Controls certain DSC core functions, including the base for short addressing mode
and enablement of the test access port (TAP) and debug mode entry as well as core
low power modes.

* Controls voltage regulator.

 Selects CLKOUT clock source.

 Controls inter-peripheral muxing and signal relationships.

9.1.3 Modes of Operation

Since the SIM is responsible for distributing clocks and resets across the chip, it must
understand the various chip operating modes and take appropriate action. These include:
 RESET Modes:This is the sequencing of reset deassertion as part comes out of reset.
* Clock Reset Mode: The DSC processor, all peripherals, and the CLKGEN
module are all in reset.
» System and Core Reset Mode: Clocks activate while the DSC core and
peripherals remain in reset.
* Core-Only Reset Mode:DSC core in reset while peripherals are activated.

NOTE
Core-only reset mode is required to provide time for the on-
chip flash interface units to load part configuration data from
flash and establish the boot address.

* RUN Mode: This is the primary mode of operation for this device. In this mode, the
processor clocks, system clocks, and all enabled peripheral clocks are operational.

* Debug Mode: The DSC processor is in debug mode (controlled via JTAG/EOnCE).
All system and peripheral clocks with the exception of the COP and PWM’s continue
to run. The COP is disabled in debug mode and PWM outputs are optionally disabled
(see the PWM details) to bypass undesired motor control operations.

* WAIT Mode: In WAIT mode, the core clock and system clocks are disabled but all
enabled peripheral clocks continue to operate. The COP can optionally be stopped in
WAIT mode. Similarly, the PWM outputs can optionally be switched off in WAIT
mode to disable any motor from being driven.

* STOP Mode: In STOP mode, the core clock and system clocks are disabled.
Individual peripheral clocks are also disabled unless specifically configured in the
SIM to continue running in STOP mode (useful for generating STOP recovery
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interrupts from selected devices). The COP can optionally be stopped in STOP mode.
If desired, the OCCS may be configured to disable the PLL and/or select a lower
frequency clock source prior to entering STOP mode.

When eDMA is enabled in STOP mode (via SIM_CTRL[DMAEBL] set to 011b or
111b), setting bits to logic Os in Peripheral Clock STOP Disable Registers (SIM_SDO
~ SIM_SD3) may not immediately gate off the clock to corresponding peripherals
when STOP instruction is executed. This prevents the data loss when the DMA 1is

transferring the data while a STOP instruction is executed. So the peripherals

(enabled in SIM_PCE registers) are clocked till a DMA major loop is completed
after the execution of a STOP instruction, then clocks are gated off. Also,
SIM_CTRL[DMAEBL] is 011b after reset, if there is no DMA enabled at all and a
STOP instruction is executed, peripherals (enabled in SIM_PCE registers) remain

clocked until the completion of a DMA transfer.

NOTE

The power management controller (PMC) provides additional
control of power consumption by supporting low-power states

with reduced regulator drive capacity. The on-chip clock

system (OCCS) module also influences power consumption by
controlling the operating frequency of the system and
peripheral clocks and by supporting the powering down of

unused clock sources.

9.2 Memory Map and Register Descriptions

SIM memory map

I;z:l?:;f Register name (iv:i:ittr;) Access | Reset value S:c;t;c;n/
(hex)
E400 Control Register (SIM_CTRL) 16 R/W 00COh 9.2.1/185
E401 Reset Status Register (SIM_RSTAT) 16 R 0004h 9.2.2/187
E406 Most Significant Half of JTAG ID (SIM_MSHID) 16 R See section | 9.2.3/188
E407 Least Significant Half of JTAG ID (SIM_LSHID) 16 R A61Dh 9.2.4/189
E408 Power Control Register (SIM_PWR) 16 R/W 0000h 9.2.5/190
E40A Clock Output Select Register (SIM_CLKOUT) 16 R/W 1020h 9.2.6/192
E40B Peripheral Clock Rate Register (SIM_PCR) 16 R/W 0400h 9.2.7/193
E40C Peripheral Clock Enable Register 0 (SIM_PCEOQ) 16 R/W 0000h 9.2.8/195
E40D Peripheral Clock Enable Register 1 (SIM_PCE1) 16 R/W 0000h 9.2.9/197

Table continues on the next page...
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SIM memory map (continued)

232?::? Register name (i":i:ittr;) Access | Reset value S:c;t;zn/
(hex)
E40E Peripheral Clock Enable Register 2 (SIM_PCE2) 16 R/W 0000h 9.2.10/198
E40F Peripheral Clock Enable Register 3 (SIM_PCES3) 16 R/W 1200h 9.2.11/200
E410 Peripheral Clock STOP Disable Register 0 (SIM_SDO0) 16 R/W 0000h 9.2.12/201
E411 Peripheral Clock STOP Disable Register 1 (SIM_SD1) 16 R/W 0000h 9.2.13/203
E412 Peripheral Clock STOP Disable Register 2 (SIM_SD2) 16 R/W 0000h 9.2.14/205
E413 Peripheral Clock STOP Disable Register 3 (SIM_SD3) 16 R/W 0000h 9.2.15/207
E414 I/O Short Address Location Register (SIM_IOSAHI) 16 R/W 0000h 9.2.16/209
E415 I/O Short Address Location Register (SIM_IOSALO) 16 R/W 0380h 9.2.17/210
E416 Protection Register (SIM_PROT) 16 R/W 0000h 9.2.18/211
E417 GPIOA LSBs Peripheral Select Register (SIM_GPSAL) 16 R/W 0000h 9.2.19/213
E418 GPIOB LSBs Peripheral Select Register (SIM_GPSBL) 16 R/W 0000h 9.2.20/214
E419 GPIOC LSBs Peripheral Select Register (SIM_GPSCL) 16 R/W 0000h 9.2.21/215
E41A GPIOC MSBs Peripheral Select Register (SIM_GPSCH) 16 R/W 0000h 9.2.22/216
E41C GPIOE LSBs Peripheral Select Register (SIM_GPSEL) 16 R/W 0000h 9.2.23/217
E41E GPIOF LSBs Peripheral Select Register (SIM_GPSFL) 16 R/W 0000h 9.2.24/219
E41F GPIOF MSBs Peripheral Select Register (SIM_GPSFH) 16 R/W 0000h 9.2.25/220
E422 Internal Peripheral Select Register 0 (SIM_IPSO0) 16 R/W 0000h 9.2.26/220
E423 Miscellaneous Register 0 (SIM_MISCO) 16 R/W 0000h 9.2.27/222
E424 Peripheral Software Reset Register 0 (SIM_PSWRO) 16 R/W 0000h 9.2.28/223
E425 Peripheral Software Reset Register 1 (SIM_PSWR1) 16 R/W 0000h 9.2.29/224
E426 Peripheral Software Reset Register 2 (SIM_PSWR2) 16 R/W 0000h 9.2.30/226
E427 Peripheral Software Reset Register 3 (SIM_PSWR3) 16 R/W 0000h 9.2.31/227
E428 Power Mode Register (SIM_PWRMODE) 16 R/W 0000h 9.2.32/229
E445 Software Control Register (SIM_SCRO0) 16 R/W 0000h 9.2.33/230
E446 Software Control Register (SIM_SCR1) 16 R/W 0000h 9.2.34/230
E447 Software Control Register (SIM_SCR2) 16 R/W 0000h 9.2.35/231
E448 Software Control Register (SIM_SCR3) 16 R/W 0000h 9.2.36/231
E449 Software Control Register (SIM_SCR4) 16 R/W 0000h 9.2.37/231
E44A Software Control Register (SIM_SCR5) 16 R/W 0000h 9.2.38/232
E44B Software Control Register (SIM_SCR6) 16 R/W 0000h 9.2.39/232
E44D ADC and TMR Select Register (SIM_ADC_TMR_SEL) 16 R/W 0000h 9.2.40/232
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9.2.1 Control Register (SIM_CTRL)

Address: E400h base + Oh offset = E400h

Bit 15 14 13 12 | 1 10 9 8
Read 0 RST_FILT 0 DMAEBL
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
afrﬁg DMAEBL ONCEEBL SWRST STOP_DISABLE WAIT_DISABLE
Reset 1 1 0 0 0 0 0 0
SIM_CTRL field descriptions
Field Description
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 External Reset Padcell Input Filter Enable
RST_FILT

This input controls an optional analog input filter on the padcell supporting the external reset input
function. When enabled, the filter removes transient signals on the input at the expense of an increased
input delay. When enabled, the filter affects all input functions supported by that padcell, including GPIO.

This bit is reset on POR only. The filter has two basic applications. When this pad is configured as an
output function such as a GPIO output and the part is reset, the filter can remove transients that might
result in a false indication of an external reset assertion in the SIM's RSTAT register. When this padcell is
configured as the external reset input, the filter can filter out noise on the external reset to reduce the
chance of an unintended external reset assertion.

The filter delay should be considered before enabling the filter, especially for safety critical applications.

0 Input filter on external reset disabled
1 Input filter on external reset enabled

9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8-6 DMA Enable
DMAEBL

This field controls whether DMA is enabled in RUN, WAIT, RUN and WAIT, or all modes. The DMA
functions as a system bus master capable of performing 10 on any address in data space. It also contains
memory mapped registers through which it is configured. The DMA must be enabled to function either as
a system bus master or to perform 10 to its memory mapped registers.

NOTE: The DMA incorporates synchronous reset logic and must therefore be powered on at reset. It
may subsequently be powered down at any time when not in use.

NOTE: Entry to stop mode affects in-progress DMA transactions differently than does entry to wait mode:
* When the DMA module is configured to be disabled in stop mode: If any DMA transaction is
in progress during stop mode entry, the transaction will complete before the MCU gates the
DMA controller's clock.
* When the DMA module is configured to be disabled in wait mode:
 If any DMA transaction is in progress during wait mode entry, the transaction might
be incomplete and end prematurely when the MCU gates the DMA controller's clock.
¢ To avoid data loss, the user's application must ensure no DMA transaction is in
progress during the entry to wait mode.

Table continues on the next page...
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SIM_CTRL field descriptions (continued)

Field Description
000 DMA module is disabled.
001 DMA module is enabled in run mode only.
010 DMA module is enabled in run and wait modes only.
011 DMA module is enabled in all power modes.
100 DMA module is disabled and the DMAEBL field is write protected until the next reset.
101 DMA module is enabled in run mode only and the DMAEBL field is write protected until the next
reset.
110 DMA module is enabled in run and wait modes only and the DMAEBL field is write protected until
the next reset.
111 DMA module is enabled in all low power modes and the DMAEBL field is write protected until the
next reset.
5 OnCE Enable
ONCEEBL
0 The OnCE clock to the DSC core is enabled when the core TAP is enabled.
1 The OnCE clock to the DSC core is always enabled.
4 SOFTWARE RESET
SWRST
Writing a 1 to this field causes a device reset.
3-2 STOP Disable
STOP_DISABLE
00 Stop mode is entered when the DSC core executes a STOP instruction.
01 The DSC core STOP instruction does not cause entry into stop mode.
10 Stop mode is entered when the DSC core executes a STOP instruction, and the STOP_disable field
is write protected until the next reset.
11 The DSC core STOP instruction does not cause entry into stop mode, and the STOP_disable field is
write protected until the next reset.
WAIT_DISABLE |WAIT Disable
00 Wait mode is entered when the DSC core executes a WAIT instruction.
01 The DSC core WAIT instruction does not cause entry into wait mode.
10 Wait mode is entered when the DSC core executes a WAIT instruction, and the WAIT_disable field is
write protected until the next reset.
11 The DSC core WAIT instruction does not cause entry into wait mode, and the WAIT_disable field is

write protected until the next reset.
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9.2.2 Reset Status Register (SIM_RSTAT)

This register is updated upon any system reset and indicates the cause of the most recent
reset. It also controls whether the COP reset vector or regular reset vector in the vector
table is used. This register is asynchronously reset during power-on reset and
subsequently is synchronously updated based on the level of the external reset, software
reset, or COP reset inputs. It is "one-hot encoded," which means that only one reset
source is indicated at any given time. When multiple reset sources assert simultaneously,
the reset source with the highest precedence is indicated in this register. The precedence
from highest to lowest is POR, EXTR, COP_LOR, COP_CPU, and SWR. POR is always
set during a power-on reset; however, POR is cleared and EXTR is set if the external
reset pin is asserted or remains asserted after the power-on reset has deasserted.

Address: E400h base + 1h offset = E401h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
Read | Reserved SWR COP_CPU | COP_LOR EXTR POR 0
Write
Reset 0 0 0 0 0 1 0 0
SIM_RSTAT field descriptions
Field Description
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-9 Boot mode.
BOOT_MODE_
STATUS When both bits are set, indicates ROM boot. Otherwise, NVM Flash boot.
8 COP Window Time-out Reset
COP_WIN

When set, this bit indicates that the previous system reset occurred as a result of a cop_window reset . It
will not be set if an external reset, POR reset, COP CPU reset or COP loss of reference reset occurred. If
COP_WINDOW is set as code starts executing the COP reset vector in the vector table will be used.
Otherwise the normal reset vector is used.

7 This field is reserved.
Reserved
6 Software Reset
SWR

Table continues on the next page...
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SIM_RSTAT field descriptions (continued)

Field

Description

When set, this bit indicates that the previous system reset occurred as a result of a software reset (1
written to the SWRst bit of the SIM's CTRL register). SWR is not set if a COP reset, external reset, or POR
also occurred.

5
COP_CPU

COP CPU Time-out Reset

When set, this bit indicates that the previous system reset was caused when the computer operating
properly (COP) module signaled a CPU time-out reset. COP_CPU is not set if an external reset, POR, or
COP loss of reference reset also occurred. If COP_CPU is set as code starts executing, the COP reset
vector in the vector table is used. Otherwise, the normal reset vector is used.

4
COP_LOR

COP Loss of Reference Reset

When set, this bit indicates that the previous system reset was caused when the computer operating
properly (COP) module signaled a loss of reference clock reset. COP_LOR is not set if an external or POR
also occurred. If COP_LOR is set as code starts executing, the COP reset vector in the vector table is
used. Otherwise, the normal reset vector is used.

EXTR

External Reset

When set, this bit indicates that the previous system reset was caused by an external reset. EXTR is set
only if the external reset pin was asserted or remained asserted after the power-on reset deasserted.

2
POR

Power-on Reset

This bit is set by a power-on reset.

Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.3 Most Significant Half of JTAG ID (SIM_MSHID)

This read-only register returns the most significant half of the JTAG ID for the device.

Address: E400h base + 6h offset = E406h

Bit
Read
Write

Reset

Bit

15 14 13 12 11 10 9 8

Read
Write
Reset

* Notes:

x* x* x* xX* x* x* x* x*

. ¢ 0OxAB32 for devices with mask set number 3N91Z.

x = Undefined at reset.
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SIM_MSHID field descriptions

Field Description
15-13 This field is reserved.
Reserved
12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 This field is reserved.
Reserved
Reserved This field is reserved.

9.2.4 Least Significant Half of JTAG ID (SIM_LSHID)

This read-only register returns the least significant half of the JTAG ID for the device.

Address: E400h base + 7h offset = E407h

Bit 15 14 13 12 11 10 9 8
Read
Write
Reset 1 0 1 0 0 1 1 0
Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 1 1 1 0 1
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SIM_LSHID field descriptions

Field Description
15 This field is reserved.
Reserved
14 This field is reserved.
Reserved
13 This field is reserved.
Reserved
12 This field is reserved.
Reserved
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
8-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

9.2.5 Power Control Register (SIM_PWR)

NOTE
This PWR register does not take effect when any bit in
SIM_PWRMODE is set.

This register contains control fields used to enable/disable the standby and powerdown
modes of the large and small voltage regulators in the Power Management Controller
module. The large regulator supplies digital standard cell core logic. The register
independently controls the regulator mode. However, if the flash module's FOPT[0] bit is
1 (reflecting a power mode selection via the Flash Option register), writing to these
control bits does not affect the regulators.

Address: E400h base + 8h offset = E408h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SR12STDBY | SR27PDN |SR27STDBY| LRSTDBY
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SIM_PWR field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 Small Regulator 1.2 V Supply Standby Control
SR12STDBY
This field controls the standby mode of the 1.2 V supply from the small voltage regulator. Standby mode
has restricted drive capacity but substantially reduces power consumption. The field value can be
optionally write protected.
00 Small regulator 1.2 V supply placed in normal mode (default).
01 Small regulator 1.2 V supply placed in standby mode.
10 Small regulator 1.2 V supply placed in normal mode and SR12STDBY is write protected until chip
reset.
11 Small regulator 1.2 V supply placed in standby mode and SR12STDBY is write protected until chip
reset.
5-4 Small Regulator 2.7 V Supply Powerdown Control
SR27PDN
This field controls the powerdown mode of the 2.7 V supply from the small voltage regulator. Powerdown
mode shuts down the 2.7 V regulated supply from the small regulator and eliminates its power
consumption. Analog modules powered by this supply should themselves be powered down before
entering this mode. These controls are located in the OCCS module.
00 Small regulator placed in normal mode (default).
01 Small regulator placed in powerdown mode.
10 Small regulator placed in normal mode and SR27PDN is write protected until chip reset.
11 Small regulator placed in powerdown mode and SR27PDN is write protected until chip reset.
3-2 Small Regulator 2.7 V Supply Standby Control
SR27STDBY
This field controls the standby mode of the 2.7 V supply from the small voltage regulator. Standby mode
has restricted drive capacity but substantially reduces power consumption. The field value can be
optionally write protected.
00 Small regulator 2.7 V supply placed in normal mode (default).
01 Small regulator 2.7 V supply placed in standby mode.
10 Small regulator 2.7 V supply placed in normal mode and SR27STDBY is write protected until chip
reset.
11 Small regulator 2.7 V supply placed in standby mode and SR27STDBY is write protected until chip
reset.
LRSTDBY Large Regulator Standby Control

This field controls the standby mode of the primary on-device voltage regulator. Standby mode reduces
overall device power consumption but places significant constraints on the allowed operating frequency.
Refer to the Power Management Controller module's description for details on standby mode. The field

value can optionally be write protected.

00 Large regulator placed in normal mode (default).

01 Large regulator placed in standby mode.

10 Large regulator placed in normal mode and LRSTDBY is write protected until device reset.
11 Large regulator placed in standby mode and LRSTDBY is write protected until device reset.
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9.2.6 Clock Output Select Register (SIM_CLKOUT)

This register can be used to multiplex selected clocks generated inside the clock
generation, SIM, and other internal modules onto the SIM CLKOUT clock output signal.
This signal, in turn, is typically available to be brought out to an external pad. Glitches
may be produced when the clock is enabled or switched. The delay from the clock source
to the output is unspecified. The visibility of the waveform on the CLKOUT on an
external pad is subject to the frequency limitations of the associated I/O cell.

Address: E400h base + Ah offset = E40Ah

Bit 15 14 13 12 11 10 9 8
fead CLKODIV CLKDIST Reserved CLKOSELT
Reset 0 0 0 1 0 0 0 0

Bit 7 6 5 4 | 3 2 1 0
fiead | CLKOSEL1 | Reserved | CLKDISO Reserved CLKOSELO
Reset 0 0 1 o | o 0 0 0

SIM_CLKOUT field descriptions
Field Description
15-13 CLKOUT divide factor
CLKODIV
Configures dividers on the CLKOUTO0 and CLKOUT1 outputs used to reduce output frequencies to levels
supported by their respective pad cells.
000 Divide by 1
001 Divide by 2
010 Divide by 4
011 Divide by 8
100 Divide by 16
101 Divide by 32
110 Divide by 64
111 Divide by 128
12 Disable for CLKOUTH1
CLKDIS1

0 CLKOUT1 output is enabled and outputs the signal indicated by CLKOSELA1
1 CLKOUT1 is disabled

11-10 This field is reserved.

Reserved Always write 0 to this field for normal operation.
9-7 CLKOUT1 Select
CLKOSELA1

Selects the clock source for the CLKOUT1 pin. The internal delay to the CLKOUT1 output is unspecified.
The signal at the output pad is undefined when the CLKOUT1 signal frequency exceeds the rated
frequency of the 10 cell. CLKOUT1 may glitch when CLKDIS1, CLKOSEL1, or CLKODIV settings are
changed.

Table continues on the next page...
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SIM_CLKOUT field descriptions (continued)

Field

Description

NOTE: Propagation of CLKOUT1 to an external pad requires the proper setting of the related GPSn and
GPIOn_PER fields.

The following settings define the signal to be output on CLKOUT1 based on the setting of the associated
CLKDIS and CLKOSEL fields.

000 Function = SYS_CLK continuous after reset

001 Function = MSTR_2X_CLK continuous after reset

010 Function = DIV2_BUS_CLK (BUS_CLK/2, used for flash memory module) continuous after reset
011  Function = MSTR_OSC (master clock) continuous after reset

100 Function = F|gcgm (8 MHz / 2 MHz internal reference clock )

101 Function = Frosc200K (200 kHz relaxation oscillator clock )

110 Reserved. For normal operation, do not write 11x.

111 Reserved. For normal operation, do not write 11x.

6
Reserved

This field is reserved.
Always write 0 to this bit for normal operation.

5
CLKDISO

Disable for CLKOUTO

0 CLKOUTO output is enabled and outputs the signal indicated by CLKOSELO
1 CLKOUTO is disabled

4-3
Reserved

This field is reserved.
Always write 0 to this field for normal operation.

CLKOSELO

CLKOUTO Select

Selects the clock source for the CLKOUTO pin. The internal delay to the CLKOUTO output is unspecified.
The signal at the output pad is undefined when the CLKOUTO signal frequency exceeds the rated
frequency of the 10 cell. CLKOUTO may glitch when CLKDIS0, CLKOSELO, or CLKODIV settings are
changed.

NOTE: Propagation of CLKOUTO to an external pad requires the proper setting of the related GPSn and
GPIONn_PER fields.

The following settings define the signal to be output on CLKOUTO based on the setting of the associated
CLKDIS and CLKOSEL fields.

000 Function = SYS_CLK continuous after reset

001  Function = MSTR_2X_CLK continuous after reset

010 Function = DIV2_BUS_CLK (BUS_CLK/2, used for flash memory module) continuous after reset
011 Function = MSTR_OSC (master clock) continuous after reset

100 Function = F|gcgm (8 MHz / 2 MHz internal reference clock )

101 Function = Frosc200K (200 kHz relaxation oscillator clock )

110 Reserved. For normal operation, do not write 11x.

111 Reserved. For normal operation, do not write 11x.

9.2.7 Peripheral Clock Rate Register (SIM_PCR)

By default, all peripherals are clocked at the bus clock rate (BUS_CLK). Selected
peripherals can be clocked at two times this normal rate: BUS_2X_CLK. This register
enables high-speed clocking for peripherals that support it.
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Peripherals should not be left in an enabled or operating mode while reconfiguring their
clocks using the controls in the SIM or OCCS module. PCR bits should therefore be
changed only while the applicable peripheral is disabled. Refer to the peripheral's
description for details.

When a peripheral operates in high-speed mode, the I/O rate to the peripheral remains
limited to the system clock rate because that is the rate at which the processor operates.
For peripherals with a single clock input, that clock operates at the high-speed rate and a
high-speed I/0 gasket is used to coordinate I/O with the processor. For peripherals with
separate I/O and "run" clocks, the I/O clock operates at the normal peripheral clock rate
and only the "run" clock operates at the 2x high-speed rate.

Address: E400h base + Bh offset = E40Bh

Bit 15 14 13 12 11 10 9 8
s\f?:d 0 SCIO_CR | SCH_CR | TMR_.CR | PWM_CR |LPI2C1_CR | LPI2CO_CR
rite
Reset 0 0 0 0 0 1 0 0
Bit 7 6 5 4 | 3 2 1 0
Read 0
Write
Reset 0 0 0 0 0 0 0 0
SIM_PCR field descriptions
Field Description
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 SCI0 Clock Rate
SCIO_CR
This bit selects the clock speed for the SCIO module.
0 SCIO clock rate equals bus clock rate (default)
1 SCIO clock rate equals 2X bus clock rate
12 SCI1 Clock Rate
SCI1_CR
This bit selects the clock speed for the SCI1 module.
0 SCI1 clock rate equals bus clock rate (default)
1 SCI clock rate equals 2X bus clock rate
11 TMR Clock Rate
TMR_CR
This bit selects the clock speed for the TMR module.
0 TMR clock rate equals bus clock rate (default)
1 TMR clock rate equals 2X bus clock rate
10 PWM Clock Rate
PWM_CR
This bit selects the clock speed for the PWM module.

Table continues on the next page...
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SIM_PCR field descriptions (continued)

Field Description
0 PWM clock rate equals bus clock rate
1 PWM clock rate equals 2X bus clock rate (default)

9 LPI12C1 Clock Rate
LPI2C1_CR

This bit selects the clock speed for the LPI2C1 module.

0 LPI2C1 clock rate equals bus clock rate (default)
1 LPI2C1 clock rate equals 2X bus clock rate

8 LPI2CO0 Clock Rate
LPI12C0_CR

This bit selects the clock speed for the LPI2C0 module.

0 LPI2CO clock rate equals bus clock rate (default)
1 LPI2CO clock rate equals 2X bus clock rate

7 QDC Clock Rate
QDC_CR

This bit selects the clock speed for the QDC module.

0 QDC clock rate equals bus clock rate (default)
1 QDC clock rate equals 2X bus clock rate

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.8 Peripheral Clock Enable Register 0 (SIM_PCEO)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Ch offset = E40Ch

Bit 15 14 13 12 | 1 10 9 8
Read | g TA1 TA2 TA3
Write
Reset 0 0 0 0
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Bit 7 6 5 4 3 2 1 0
Cveid 0 GPIOA GPIOB GPIOC GPIOD GPIOE GPIOF 0
rite
Reset 0 0 0 0 0 0 0 0
SIM_PCEO field descriptions
Field Description
15 TMRAO IPBus Clock Enable
TAO
0 The peripheral is not clocked.
1 The peripheral is clocked.
14 TMRAT1 IPBus Clock Enable
TA1
0 The peripheral is not clocked.
1 The peripheral is clocked.
13 TMRAZ2 IPBus Clock Enable
TA2
0 The peripheral is not clocked.
1 The peripheral is clocked.
12 TMRABS IPBus Clock Enable
TA3
0 The peripheral is not clocked.
1 The peripheral is clocked.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 GPIOA IPBus Clock Enable
GPIOA
0 The peripheral is not clocked.
1 The peripheral is clocked.
5 GPIOB IPBus Clock Enable
GPIOB
0 The peripheral is not clocked.
1 The peripheral is clocked.
4 GPIOC IPBus Clock Enable
GPIOC
0 The peripheral is not clocked.
1 The peripheral is clocked.
3 GPIOD IPBus Clock Enable
GPIOD
0 The peripheral is not clocked.
1 The peripheral is clocked.
2 GPIOE IPBus Clock Enable
GPIOE
0 The peripheral is not clocked.
1 The peripheral is clocked.
1 GPIOF IPBus Clock Enable
GPIOF

Table continues on the next page...
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SIM_PCEO field descriptions (continued)

Field Description
0 The peripheral is not clocked.
1 The peripheral is clocked.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

9.2.9 Peripheral Clock Enable Register 1 (SIM_PCE1)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including I/O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Dh offset = E40Dh

Bit 15 14 13
Read DAC
Write
Reset 0 0 0
Bit 7 6 5
Read 0 LPI2C1 LPI2CO
Write
Reset 0 0 0
SIM_PCEH1 field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 This field is reserved.
Reserved
13 DAC IPBus Clock Enable
DAC
0 The peripheral is not clocked.
1 The peripheral is clocked.
12 SCI0 IPBus Clock Enable
SCIo

Table continues on the next page...
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Field Description

0 The peripheral is not clocked.
1 The peripheral is clocked.

11 SCI1 IPBus Clock Enable
SCi1

0 The peripheral is not clocked.
1 The peripheral is clocked.

10 This field is reserved.
Reserved
9 QSPI0 IPBus Clock Enable
QSPIO

0 The peripheral is not clocked.
1 The peripheral is clocked.

8 This field is reserved.
Reserved
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 LPI2C1 IPBus Clock Enable
LPI2CA

0 The peripheral is not clocked.
1 The peripheral is clocked.

5 LPI12C0 IPBus Clock Enable
LPI2CO

0 The peripheral is not clocked.
1 The peripheral is clocked.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.10 Peripheral Clock Enable Register 2 (SIM_PCE?2)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including 1/0O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.
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Chapter 9 System Integration Module (SIM)

Bit 15 14 13 12 11 10 9 8
Read 0 CMPA CMPB CMPC CMPD 0
Write
Reset 0 0 0 0 0 0 0 0

Bit 5 4 3 2 1 0

7 6
Read | cycapc 0 CRC QDC PITO
Write

Reset 0 0 0 0 0 0 0 0
SIM_PCE?2 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMPA IPBus Clock Enable (enables both CMP and 8-bit reference DAC)
CMPA
0 The peripheral is not clocked.
1 The peripheral is clocked.
11 CMPB IPBus Clock Enable (enables both CMP and 8-bit reference DAC)
CMPB
0 The peripheral is not clocked.
1 The peripheral is clocked.
10 CMPC IPBus Clock Enable (enables both CMP and 8-bit reference DAC)
CMPC
0 The peripheral is not clocked.
1 The peripheral is clocked.
9 CMPD IPBus Clock Enable (enables both CMP and 8-bit reference DAC)
CMPD
0 The peripheral is not clocked.
1 The peripheral is clocked.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Cyclic ADC IPBus Clock Enable
CYCADC
0 The peripheral is not clocked.
1 The peripheral is clocked.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC IPBus Clock Enable
CRC
0 The peripheral is not clocked.
1 The peripheral is clocked.
4 QDC IPBus Clock Enable
QDC
0 The peripheral is not clocked.
1 The peripheral is clocked.
3 Programmable Interval Timer IPBus Clock Enable
PITO

0 The peripheral is not clocked.
1 The peripheral is clocked.

Table continues on the next page...
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SIM_PCE?2 field descriptions (continued)

Field Description
2 Programmable Interval Timer IPBus Clock Enable
PITA
0 The peripheral is not clocked.
1 The peripheral is clocked.
Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.11 Peripheral Clock Enable Register 3 (SIM_PCE3)

The Peripheral Clock Enable registers enable or disable clocking of individual
peripherals. Enabling the clocks of only peripherals that are in use can achieve significant
power savings. When a peripheral's clock is disabled, no functionality, including I/O, is
available to that peripheral.

Peripherals should not be left in an enabled or operating mode while their clocks are
disabled or while their clocks are reconfigured using the controls in the SIM or OCCS
module. PCE bits should therefore be changed only while the applicable peripheral is
disabled. Refer to the peripheral's description for further details.

Enabled peripheral clocks still become disabled in STOP mode unless the peripheral's
STOP Disable control in the SDn registers is set to 1.

Address: E400h base + Fh offset = E40Fh

Bit 15 14 13 12 11 10 9 8
Read OPAMPA | OPAMPB ROM
Write
Reset 0 0 0 1 0 0 1 0
Bit 7 6 5 4 | 3 2 1 0
s\f?d PWMACHO | PWMACH1 | PWMACH2 | PWMACH3
rite
Reset 0 0 0 0
SIM_PCES3 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 This field is reserved.
Reserved
11 OPAMPA IPBus Clock Enable
OPAMPA
0 The peripheral is not clocked.
1 The peripheral is clocked.

Table continues on the next page...
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SIM_PCES3 field descriptions (continued)

Field Description

10 OPAMPB IPBus Clock Enable
OPAMPB

0 The peripheral is not clocked.
1 The peripheral is clocked.

9 ROM IPBus Clock Enable
ROM

0 The peripheral is not clocked.
1 The peripheral is clocked.

8 This field is reserved.
Reserved
7 PWMA Channel 0 IPBus Clock Enable
PWMACHO

0 The peripheral is not clocked.
1 The peripheral is clocked.

6 PWMA Channel 1 IPBus Clock Enable
PWMACH1

0 The peripheral is not clocked.
1 The peripheral is clocked.

5 PWMA Channel 2 IPBus Clock Enable
PWMACH2

0 The peripheral is not clocked.
1 The peripheral is clocked.

4 PWMA Channel 3 IPBus Clock Enable
PWMACH3

0 The peripheral is not clocked.
1 The peripheral is clocked.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.12 Peripheral Clock STOP Disable Register 0 (SIM_SDO0)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.
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The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 10h offset = E410h

Bit 15 14 13 12 | 1 10 9 8
Read | g TA1 TA2 TA3
Write
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read 0 GPIOA GPIOB GPIOC GPIOD GPIOE GPIOF 0
Write
Reset 0 0 0 0 0 0 0 0
SIM_SDO field descriptions
Field Description
15 TMRAO IPBus STOP Disable
TAO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
14 TMRAT1 IPBus STOP Disable
TA1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
13 TMRA2 IPBus STOP Disable
TA2
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
12 TMRAS3 IPBus STOP Disable
TA3
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 GPIOA IPBus STOP Disable
GPIOA - . . . . . :
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SDO field descriptions (continued)

Field

Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOB

GPIOB IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOC

GPIOC IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOD

GPIOD IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOE

GPIOE IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

GPIOF

GPIOF IPBus STOP Disable

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.13 Peripheral Clock STOP Disable Register 1 (SIM_SD1)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.
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For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.

The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 11h offset = E411h

Bit 15 14 13
Read DAC
Write
Reset 0 0 0
Bit 7 6 5
Read 0 LPI2C1 LPI2CO
Write
Reset 0 0 0
SIM_SD1 field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 This field is reserved.
Reserved
13 DAC IPBus STOP Disable
DAC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

12 SCIO0 IPBus STOP Disable
SClo

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

11 SCI1 IPBus STOP Disable
SCH

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

Table continues on the next page...
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SIM_SD1 field descriptions (continued)

Field Description
10 This field is reserved.
Reserved
9 QSPI0 IPBus STOP Disable
QSPIO

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

8 This field is reserved.
Reserved
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 LPI2C1 IPBus STOP Disable
LPI2CA1

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode, but the LPI2C1 module will not enter stop mode.

5 LPI2CO0 IPBus STOP Disable
LPI2CO

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode, but the LPI2C0O module will not enter stop mode.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.14 Peripheral Clock STOP Disable Register 2 (SIM_SD2)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.

Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.
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The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 12h offset = E412h

Bit

Reset

15 14 13 12 11 10 9 8
Read 0 CMPA CMPB CMPC CMPD 0
Write

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

Bit

Read | cycapc 0 CRC QDC PITO
Write

Reset 0 0 0 0 0 0 0 0
SIM_SD2 field descriptions
Field Description
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMPA IPBus STOP Disable (disables both CMP and 8-bit reference DAC)
CMPA
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
11 CMPB IPBus STOP Disable (disables both CMP and 8-bit reference DAC)
CMPB
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
10 CMPC IPBus STOP Disable (disables both CMP and 8-bit reference DAC)
CMPC
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
9 CMPD IPBus STOP Disable (disables both CMP and 8-bit reference DAC)
CMPD
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Cyclic ADC IPBus STOP Disable
CYCADC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SD2 field descriptions (continued)

Field Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC IPBus STOP Disable
CRC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

4 QDC IPBus STOP Disable
QDC

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

3 Programmable Interval Timer IPBus STOP Disable

PITO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the

corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

2 Programmable Interval Timer IPBus STOP Disable

PIT1
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the

corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.15 Peripheral Clock STOP Disable Register 3 (SIM_SD3)

By default, peripheral clocks are disabled in stop mode to maximize power savings. The
stop disable controls in the SD register override individual peripheral clocks so that they
continue to operate in stop mode. Because asserting an interrupt makes the system return
to run mode, this feature is provided so that selected peripherals can continue to operate
in stop mode for the purpose of generating a wakeup interrupt.

For power-conscious applications, only an essential set of peripherals should be
configured to remain operational in stop mode.
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Peripherals should be put in a non-operating (disabled) configuration before the device
enters stop mode unless their corresponding STOP Disable control is set to 1. Refer to the
peripheral's description for details. IP bus reads and writes cannot be made to a module
that has its clock disabled.

The SD register controls have lower priority than the PCE (Peripheral Clock Enable)
register controls. If the peripheral PCE control is set to 0, the peripheral clock is disabled
in all modes, including stop mode.

Address: E400h base + 13h offset = E413h

Bit 15 14 13 12 | 11 10 9 8
Read OPAMPA | OPAMPB ROM
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
S\ﬁd PWMACHO | PWMACH1 | PWMACH2 | PWMACH3
rite
Reset 0 0 0 0
SIM_SDa3 field descriptions
Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 OPAMPA IPBus STOP Disable
OPAMPA
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
10 OPAMPB IPBus STOP Disable
OPAMPB
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
9 ROM IPBus STOP Disable
ROM . . . . . . . . .
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.
0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.
8 This field is reserved.
Reserved
7 PWMA Channel 0 IPBus STOP Disable
PWMACHO
This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

Table continues on the next page...
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SIM_SDa3 field descriptions (continued)

Field Description

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

6 PWMA Channel 1 IPBus STOP Disable
PWMACH1

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

5 PWMA Channel 2 IPBus STOP Disable
PWMACH2

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

4 PWMA Channel 3 IPBus STOP Disable
PWMACH3

This bit enables peripheral clocking during stop mode to the indicated peripheral provided the
corresponding PCEn bit is set to 1 so that the peripheral clock itself is enabled.

0 The peripheral is not clocked in stop mode.
1 The peripheral is clocked in stop mode.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.16 1/0 Short Address Location Register (SIM_IOSAH]I)

The I/O short address location registers specify the memory referenced through the 1/0
short address mode, which allows the instruction to specify the lower 6 bits of the
address. The upper address bits are not directly controllable. The I/O short address
location registers allow limited control of the full address.

With this register set, an interrupt driver can set the combined ISAL register to point to
its peripheral registers and then use the I/O short addressing mode to reference them. The
ISR should restore this register to its previous contents prior to returning from interrupt.

NOTE

The default value of this register points to the beginning of the
slave peripheral region at EOOOh.

NOTE

The pipeline delay between setting this register set and using
short I/0 addressing with the new value is five cycles.
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Address: E400h base + 14h offset = E414h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_IOSAHI field descriptions

ISAL23_22

Field Description
15-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

ISAL23_22 Bits 23:22 of the address

The I/O short address is calculated by concatenating the combined ISAL value with the 6-bit short address
from the CPU short address opcode.

9.2.17 1/0 Short Address Location Register (SIM_IOSALO)

The I/O short address location registers specify the memory referenced through the 1/0
short address mode, which allows the instruction to specify the lower 6 bits of the
address. The upper address bits are not directly controllable. The I/O short address
location registers allow limited control of the full address.

With this register set, an interrupt driver can set the combined ISAL register to point to
its peripheral registers and then use the I/0O short addressing mode to reference them. The
ISR should restore this register to its previous contents prior to returning from interrupt.

NOTE
The default value of this register points to the beginning of the
slave peripheral region at EOOOh.

NOTE

The pipeline delay between setting this register set and using
short I/0 addressing with the new value is five cycles.

Address: E400h base + 15h offset = E415h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
fead ISAL21_6
Reset 0 0 0 0 0 0 1 1| 1 0 0 0 0 0 0 0
SIM_IOSALO field descriptions
Field Description

ISAL21_6 Bits 21:6 of the address

The 1/O short address is calculated by concatenating the combined ISAL value with the 6-bit short address
from the CPU short address opcode.
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9.2.18 Protection Register (SIM_PROT)

This register provides write protection of selected control fields for safety critical
applications. The primary purpose is to prevent unsafe conditions due to the unintentional
modification of these fields between the onset of a code runaway and a reset by the COP
watchdog. GPIO and Internal Peripheral Select Protection (GIPSP) write protects the
registers in the SIM, XBAR, EVTG, and GPIO modules that control inter-peripheral
signal multiplexing and I/O cell configuration. Peripheral Clock Enable Protection
(PCEP) write protects the SIM registers that contain peripheral-specific clock controls.
GDP provides write protection of the GPIO Port D registers separately from the other
ports protected by the GIPSP field. Some peripherals provide additional safety features.
Refer to peripheral descriptions for details.

GIPSP protects the contents of the SIM registers that control multiplexing of inter-
peripheral connections (GPSn and IPSn) as well as all inter-peripheral XBAR and EVTG
registers. GIPSP also write protects some registers in the GPIO module other than for
port D, including the GPIOn_PER registers that select between peripheral and GPIO
ownership of the I/0 cell, the GPIOn_PPMODE registers the control the 1/0 cell's push/
pull mode, and GPIOn_DRIVE registers that control the I/O cell's drive strength.

GDP provides write protection for the GPIO Port D registers, which include JTAG and
reset functionality. These include GPIO_D_PER, GPIO_D_PPMODE, and
GPIO_D_DRIVE as well as the GPSDL register.

PCEP write protects the SIM peripheral clock enable registers (PCEn), the SIM
peripheral stop disable registers (SDn), the SIM peripheral software reset registers
(PSWRn), and the SIM peripheral clock rate registers (PCR).

For flexibility, write protection control values may themselves be optionally locked
(write protected). To this end, protection controls in this register have two bit values. The
right bit determines the setting of the control, and the left bit determines whether the
value is locked. While a protection control remains unlocked, protection can be disabled
and re-enabled as desired. When a protection control is locked, its value can be altered
only by a device reset, which restores its default non-locked value.

Address: E400h base + 16h offset = E416h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 PMODE GDP PCEP GIPSP
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SIM_PROT field descriptions

Field Description
15-8 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
7-6 Power Mode Control Write Protection

PMODE

Enables write protection of the PWRMODE register.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

5-4 GPIO Port D Protection
GDP

Enables write protection of GPIO_D_PER, GPIO_D_PPMODE, and GPIO_D_DRIVE registers. This field
also write protects the GPSDL register and CTRL[RST_FILT] bit. GPIO Port D contains JTAG and reset
functions that are protected separately from other GPIO ports.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.

32 Peripheral Clock Enable Protection

PCEP
Enables write protection of all fields in the PCEn, SDn, PSWRn, and PCR registers.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.
GIPSP GPIO and Internal Peripheral Select Protection

Enables write protection of GPSn and IPSn registers in the SIM. This field also write protects registers in
other modules including all XBAR, EVTG, GPIOn_PER, GPIOn_PPMODE, and GPIOn_DRIVE registers.
This field does not protect GPIO Port D registers or the GPSDL register; the GDP field provides that
protection.

00 Write protection off (default).

01  Write protection on.

10 Write protection off and locked until chip reset.
11 Write protection on and locked until chip reset.
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9.2.19 GPIOA LSBs Peripheral Select Register (SIM_GPSAL)

Most 1/0 pads have an associated GPIO function that, when enabled, can control and
observe the I/0O pad. As an alternative to the GPIO function, most I/O can be configured
to connect to one of several internal peripheral functions. When the GPIOn_PER bit for
an I/O is set to 0, the associated GPIO has control of the 1/O to the exclusion of any
internal peripheral function. The GPIOn_PER bit for an I/O must be set to 1 for the I/O to
access any of its internal peripheral functions. If an I/O pad can be configured to connect
to one of several peripheral functions, the GPSn field for that GPIO is used to select the
active peripheral function.

NOTE
A GPIO with only one peripheral function does not require a
GPS field. That peripheral function is always enabled when the
PER field of the corresponding GPIO is set to 1.

In some cases there are multiple 1/0O pads, each of which can be configured via their
GPIOn_PER and SIM GPS settings to connect to the same internal peripheral function. If
more than one I/O is connected to the same peripheral output function, the peripheral
output signal safely fans out to each of these I/O. However, if more than one I/O is
connected to the same peripheral input signal, that peripheral input is the logical OR or
AND of these multiple sources and is therefore invalid. As a result, at most one I/O
should be configured to control a specific peripheral input function.

The user may opt not to use a specific peripheral input or output function. If no I/O is
configured to observe a peripheral output function, then the peripheral output signal is
inaccessible. If no I/O is configured to control a peripheral input signal, that peripheral
input is tied to an application-appropriate constant value.

When a GPIO's internal peripheral functions include a connection to an output of an
Internal Crossbar Switch (XBAR) module, that GPIO can be driven by any input to the
XBAR by properly configuring the XBAR module. Similarly, when a GPIO's internal
functions include a connection to an input of an Internal Crossbar Switch (XBAR)
module, that GPIO can feed any device fed by the XBAR's outputs by properly
configuring the XBAR module.

GPSn settings should not be altered while an affected peripheral is in an enabled
(operational) configuration. See the peripheral's description for further details.

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 213




A ————
Memory Map and Register Descriptions

Address: E400h base + 17h offset = E417h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSAL field descriptions

Field Description
15-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO A0
AO
0 Function = ANAO/CMPA_IN3/OPAMPA_IN3; Peripheral = ADC/CMPA/OPAMPA,; Direction = IN
1 Function = CMPC_QO; Peripheral = CMPC; Direction = OUT

9.2.20 GPIOB LSBs Peripheral Select Register (SIM_GPSBL)

See the description of the GPSAL register.

Address: E400h base + 18h offset = E418h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSBL field descriptions

Field Description
15-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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Chapter 9 System Integration Module (SIM)

See the description of the GPSAL register.

Address: E400h base + 19h offset = E419h

Bt 15 14 13 12 11 10 9 8 7 6 5 4 0
Read c7 cé 0 | cs c4 c3 c2 co
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSCL field descriptions
Field Description
15-14 Configure GPIO C7
C7
00 Function = SSO_B; Peripheral = SPIO; Direction = 10
01 Function = TXDO; Peripheral = SCIO; Direction = OUT
10 Function = XB_IN8; Peripheral = XBAR; Direction = IN
11 Function = XB_OUTS®6; Peripheral = XBAR; Direction = OUT
13-12 Configure GPIO C6
C6
00 Function = TA2; Peripheral = TMRA,; Direction = 10
01 Function = XB_IN3; Peripheral = XBAR; Direction = IN
10 Function = CMP_REF; Peripheral = CMPx; Direction = IN
11 Function = SS0_B; Peripheral = SPI0; Direction = 10
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 Configure GPIO C5
C5
0 Function = DACA_O; Peripheral = DAC; Direction = OUT
1 Function = XB_IN7; Peripheral = XBAR; Direction = IN
9-8 Configure GPIO C4
C4
00 Function = TA1; Peripheral = TMRA,; Direction = 10
01 Function = CMPB_O; Peripheral = CMPB; Direction = OUT
10 Function = XB_IN8; Peripheral = XBAR; Direction = IN
11 Function = OPAMPA_OUT; Peripheral = OPAMPA; Direction = OUT
7-6 Configure GPIO C3
C3
00 Function = TAO; Peripheral = TMRA; Direction = IO
01 Function = CMPA_O; Peripheral = CMPA; Direction = OUT
10 Function = RXDO; Peripheral = SCI0; Direction = IN
11 Function = CLKIN1; Peripheral = OCCS; Direction = IN
5-4 Configure GPIO C2
Cc2
00 Function = TXDO; Peripheral = SCI0; Direction = |10
01 Function = XB_OUT11; Peripheral = XBAR,; Direction = OUT
Table continues on the next page...
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SIM_GPSCL field descriptions (continued)

Field Description

10 Function = XB_IN2; Peripheral = XBAR; Direction = IN
11 Function = CLKOUTO; Peripheral = OCCS; Direction = OUT

3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Configure GPIO CO
Co

0 Function = EXTAL; Peripheral = OSC; Direction = IN
1 Function = CLKINO; Peripheral = OCCS; Direction = IN

9.2.22 GPIOC MSBs Peripheral Select Register (SIM_GPSCH)

See the description of the GPSAL register.

Address: E400h base + 1Ah offset = E41Ah

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write C15 C14 C13 C12 C11 c10 C9 C8
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSCH field descriptions

Field Description

15-14 Configure GPIO C15
C15

00 Function = SCLO; Peripheral = LPI2CO0; Direction = IO

01 Function = XB_OUT5; Peripheral = XBAR; Direction = OUT

10 Function = PWMA_FAULT5; Peripheral = PWMA; Direction = IN
11 reserved

13-12 Configure GPIO C14
Ci14

00 Function = SDAO; Peripheral = LPI12C0; Direction = IO

01  Function = XB_OUT4; Peripheral = XBAR; Direction = OUT

10 Function = PWMA_FAULT4; Peripheral = PWMA; Direction = IN
11  reserved

11-10 Configure GPIO C13
C13

00 Function = TA3; Peripheral = TMRA; Direction = 10

01  Function = XB_ING; Peripheral = XBAR; Direction = IN

10 Function = EWM_OUT_B; Peripheral = EWM; Direction = OUT
11  Reserved

9-8 Configure GPIO C12
Cc12

00 Function = SDASO; Peripheral = LPI2CO; Direction = 10
01 Function = SDA1; Peripheral = LPI2C1; Direction = 10

Table continues on the next page...
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SIM_GPSCH field descriptions (continued)

Field Description

10 Function = RXD1; Peripheral = SCI1; Direction = IN

11 Function = PWMA_1X; Peripheral = PWMA; Direction = 10
7-6 Configure GPIO C11
C11

00 Function = SCLSO; Peripheral = LPI2CO0; Direction = IO

01 Function = SCL1; Peripheral = LPI2C1; Direction = IO

10 Function = TXD1; Peripheral = SCI1; Direction = 10

11 Function = PWMA_O0X; Peripheral = PWMA,; Direction = 10
5-4 Configure GPIO C10
C10

00 Function = MOSIO; Peripheral = SPIO; Direction = 10

01 Function = XB_IN5; Peripheral = XBAR,; Direction = IN

10 Function = MISOO; Peripheral = SPI0; Direction = 10

11 Function = XB_OUT?9; Peripheral = XBAR,; Direction = OUT
3-2 Configure GPIO C9
C9

00 Function = SCLKO; Peripheral = SPI0; Direction = 10

01  Function = XB_IN4; Peripheral = XBAR; Direction = IN

10 Function = TXDO; Peripheral = SCIO; Direction = OUT

11 Function = XB_OUTS; Peripheral = XBAR,; Direction = OUT
C8 Configure GPIO C8

00 Function = MISOO; Peripheral = SPI0; Direction = 10
01  Function = RXDO; Peripheral = SCIO; Direction = IN
10 Function = XB_IN9; Peripheral = XBAR; Direction = IN
11  Reserved

9.2.23 GPIOE LSBs Peripheral Select Register (SIM_GPSEL)

See the description of the GPSAL register.

Address: E400h base + 1Ch offset = E41Ch

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 0
Read
Write E7 E6 E5 E4 E3 E2 E1 EO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_GPSEL field descriptions
Field Description
15-14 Configure GPIO E7
E7

00 Function = PWMA_3A; Peripheral = PWMA; Direction = IO
01 Function = XB_IN5; Peripheral = XBAR; Direction = IN

Table continues on the next page...
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SIM_GPSEL field descriptions (continued)

00
01
10
11

Field Description
10 Reserved
11 Function = XB_OUT11; Peripheral = XBAR; Direction = OUT
13-12 Configure GPIO E6
E6
00 Function = PWMA_3B; Peripheral = PWMA,; Direction = 10
01 Function = XB_IN4; Peripheral = XBAR; Direction = IN
10 Reserved
11 Function = XB_OUT10; Peripheral = XBAR; Direction = OUT
11-10 Configure GPIO E5
E5
00 Function = PWMA_2A; Peripheral = PWMA; Direction = IO
01 Function = XB_INS; Peripheral = XBAR,; Direction = IN
10 Function = SDAT; Peripheral = LPI2C1; Direction = 10
11 Function = XB_OUT?9; Peripheral = XBAR,; Direction = OUT
9-8 Configure GPIO E4
E4
00 Function = PWMA_2B; Peripheral = PWMA,; Direction = 10
01  Function = XB_IN2; Peripheral = XBAR; Direction = IN
10 Function = SCL1; Peripheral = LPI2C1; Direction = 10
11 Function = XB_OUTS8; Peripheral = XBAR; Direction = OUT
7-6 Configure GPIO E3
E3
00 Function = PWMA_1A; Peripheral = PWMA,; Direction = 10
01 reserved
10 reserved
11 Function = XB_OUTY7; Peripheral = XBAR,; Direction = OUT
5-4 Configure GPIO E2
E2
00 Function = PWMA_1B; Peripheral = PWMA,; Direction = 10
01 reserved
10 reserved
11 Function = XB_OUTS6; Peripheral = XBAR; Direction = OUT
3-2 Configure GPIO E1
E1
00 Function = PWMA_OA; Peripheral = PWMA,; Direction = 10
01 reserved
10 reserved
11 Function = XB_OUTS5; Peripheral = XBAR; Direction = OUT
EO Configure GPIO EO

Function = PWMA_OB; Peripheral = PWMA; Direction = IO
reserved
reserved
Function = XB_OUT4; Peripheral = XBAR; Direction = OUT
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9.2.24 GPIOF LSBs Peripheral Select Register (SIM_GPSFL)

See the description of the GPSAL register.

Address: E400h base + 1Eh offset = E41Eh

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write F7 F6 F5 F4 F3 F2 F1 FO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSFL field descriptions

Field Description

15-14 Configure GPIO F7
F7

00 Reserved

01 Function = CMPC_O; Peripheral = CMP C; Direction = OUT
10 Function = SDAS1; Peripheral = LPI2C1; Direction = 10

11 Function = XB_IN3; Peripheral = XBAR; Direction = IN

13-12 Configure GPIO F6
Fé

00 Reserved

01 Function = PWMA_3X; Peripheral = PWMA,; Direction = 10
10 Function = SCLS1; Peripheral = LPI2C1; Direction = 10

11 Function = XB_IN2; Peripheral = XBAR; Direction = IN

11-10 Configure GPIO F5
F5

00 Function = RXD1; Peripheral = SCI1; Direction = IN

01 Function = XB_OUT?9; Peripheral = XBAR; Direction = OUT

10 Function = PWMA_1X; Peripheral = PWMA,; Direction = IO

11 Function = PWMA_FAULT7; Peripheral = PWMA; Direction = IN

9-8 Configure GPIO F4
F4

00 Function = TXD1; Peripheral = SCI1; Direction = 10

01 Function = XB_OUTS; Peripheral = XBAR; Direction = OUT

10 Function = PWMA_O0X; Peripheral = PWMA,; Direction = 10

11 Function = PWMA_FAULTS6; Peripheral = PWMA; Direction = IN

7-6 Configure GPIO F3
F3

00 Function = SDAT; Peripheral = LPI2C1; Direction = IO

01 Function = XB_OUT7; Peripheral = XBAR; Direction = OUT
10 Function = SCLO; Peripheral = LPI2CO; Direction = 10

11 reserved

5-4 Configure GPIO F2
F2

00 Function = SCL1; Peripheral = LPI2C1; Direction = IO
01 Function = XB_OUTB6; Peripheral = XBAR; Direction = OUT

Table continues on the next page...
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SIM_GPSFL field descriptions (continued)

Field Description
10 Function = SDAO; Peripheral = LPI2CO0; Direction = 10
11 reserved

3-2 Configure GPIO F1
F1

00 Function = CLKOUT1; Peripheral = OCCS; Direction = OUT
01 Function = XB_IN7; Peripheral = XBAR; Direction = IN

10 Function = CMPD_O; Peripheral = CMP D; Direction = OUT
11  Reserved

FO Configure GPIO FO

00 Function = XB_ING; Peripheral = XBAR,; Direction = IN
01 Reserved

10 Reserved
11 Function = OPAMPB_OUT,; Peripheral = OPAMP B; Direction = OUT

9.2.25 GPIOF MSBs Peripheral Select Register (SIM_GPSFH)

See the description of the GPSAL register.

Address: E400h base + 1Fh offset = E41Fh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read F8
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_GPSFH field descriptions

Field Description
15-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
F8 Configure GPIO F8

00 Function = RXDO; Peripheral = SCIO; Direction = IN

01 Function =XB_OUT10; Peripheral = XBAR; Direction = OUT
10 Function = CMPD_O; Peripheral = CMP D; Direction = OUT
11 Function = PWMA_2X; Peripheral = PWMA,; Direction = 10

9.2.26 Internal Peripheral Select Register 0 (SIM_IPSO0)

The IPS register implements controls that affect the integration or communication
between parts. Various circumstances require these controls.
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Some peripheral inputs have the ability to be fed either by XBAR outputs or by GPIO. In
these cases, an additional layer of internal multiplexing selects which source is active and
feeds the peripheral input.

In other cases, peripherals have control relationships. For example, one peripheral may be
configured to operate as a slave of another and require inputs to be configured
appropriately based on that choice. This configuration may require the setting of control
inputs or the switching of muxing relationships between the blocks.

NOTE
The TMRAn fields select which signal drives the corresponding
TMRAn inputs. The choice in each case is between one or more
external I/O pads and an XBAR output. When selecting the
external I/O, you must set the GPIOn_PER bit for that I/O to 1
and configure that GPIO's SIM GPS field (if there is one) to
feed that TMR channel. A standard requirement of GPS muxing
to avoid contention is to configure, at most, one GPIO at a time
to feed a specific peripheral input function. When more than
one GPIO source is listed, the muxing uses the signal from the
GPIO input that is currently sourcing the signal.

Address: E400h base + 22h offset = E422h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read 0 TA3 | TA2 | TAT SCIo
Write
Reset 0 0 0 0 0 0 0 0

SIM_IPSO field descriptions

Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 Select TMRA Input 3
TA3

0 Function = GPIOC13 ; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT41; Peripheral = XBAR,; Direction = IN

10 Select TMRA Input 2
TA2

0 Function = GPIOCES ; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUTA40; Peripheral = XBAR,; Direction = IN

9 Select TMRA Input 1
TA1

0 Function = GPIOC4; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUT39; Peripheral = XBAR,; Direction = IN

8 Select TMRA Input O
TAO

Table continues on the next page...
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SIM_IPSO field descriptions (continued)

Field Description
0 Function = GPIOCS3; Peripheral = GPIOC; Direction = IN
1 Function = XB_OUTS38; Peripheral = XBAR,; Direction = IN
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Select SCI1_RXD Input
SCi1
0 Function = GPIOC12 or GPIOF5; Peripheral = GPIO; Direction = IN
1 Function = XB_OUT37; Peripheral = XBARA,; Direction = IN
0 Select SCIO_RXD Input
SCIo
0 Function = GPIOCS3 or GPIOCS8 or GPIOF8; Peripheral = GPIO; Direction = IN
1 Function = XB_OUTS36; Peripheral = XBAR,; Direction = IN

9.2.27 Miscellaneous Register 0 (SIM_MISCO)

This register controls various integration features of the chip.

Address: E400h base + 23h offset = E423h

Bit 15 14 13 12 1 10 9 8
MODE_
Read 0 LPI2C1_ LPI2CO_ STAT
TRIG_SEL | TRIG_SEL
Write
Reset 0 0 0 0 0 0 0 0
Bit 3 2 1 0
Read SCTRL_ FAST_ CLKINSEL | PIT_MSTR
Write REORDER MODE -
Reset 0 0 0 0
SIM_MISCO field descriptions
Field Description
15—-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 LPI2C1 master/slave trigger select
LPI2C1_TRIG_
SEL 0 Selects slave trigger
1 Selects master trigger.
9 LP12C0 master/slave trigger select
LPI2CO_TRIG_
SEL 0 Selects slave trigger

1 Selects master trigger

Table continues on the next page...
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SIM_MISCO field descriptions (continued)

Field Description

8 Mode Status bit
MODE_STAT

This status bit indicates if the system is in fast mode or normal operating mode.

NOTE: This bit itself can only be reset by POR.

0 Device in normal operating mode (core: bus frequency as 1:1)
1 Device in fast mode (core: bus frequency as 2:1)

7-5 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

4 This field is reserved.
Reserved

NOTE: Do not write logic 1 to the reserved bit.

3 This bit enables the re-ordering of scan control bits of Cyclic ADC for test channels. For more details, see
SCTRL_ the ADC chapter.
REORDER

0 Normal order
1 Enable the re-ordering of ADC scan control bits

2 This bit decides if the system will boot in fast mode or normal mode. Writing to this bit comes into effect
FAST_MODE |during reset if it is caused by software reset.

NOTE: This bit itself can only be reset by POR.

0 Normal operating mode (core: bus frequency as 1:1)
1 Device boots in fast mode (core:bus frequency as 2:1) after software reset

1 CLKIN Select
CLKINSEL

This bit determines the GPIO port for the CLKIN input to the OCCS.

0 CLKINO (GPIOCO alt1) is selected as CLKIN
1 CLKIN1 (GPIOC3 alt3) is selected as CLKIN

0 Select Master Programmable Interval Timer (PIT)
PIT_MSTR

0 PITO is master PIT and PIT1 is slave PIT
1 PIT1 is master PIT and PITO is slave PIT

9.2.28 Peripheral Software Reset Register 0 (SIM_PSWRO0)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 24h offset = E424h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SIM_PSWRO field descriptions

Field Description

15 TMRA Software Reset
TA

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

14-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 GPIO Software Reset
GPIO

This bit causes a reset of the indicated peripheral.

0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.29 Peripheral Software Reset Register 1 (SIM_PSWR1)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 25h offset = E425h

Bit 15 14 13
Read DAC
Write
Reset 0 0 0
Bit 7 6 5
Read 0 LPI2C1 LPI2CO
Write
Reset 0 0 0
SIM_PSWRH1 field descriptions
Field Description
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 This field is reserved.
Reserved

Table continues on the next page...
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SIM_PSWRH1 field descriptions (continued)

Field Description
13 DAC Software Reset
DAC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
12 SCI0 Software Reset
SCIo
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
11 SCI1 Software Reset
SCH
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
10 This field is reserved.
Reserved
9 QSPIO Software Reset
QSPIO
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
8 This field is reserved.
Reserved
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 LPI2C1 Software Reset
LPI2CA
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
5 LPI2C0 Software Reset
LPI2CO
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
4—1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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9.2.30 Peripheral Software Reset Register 2 (SIM_PSWR2)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 26h offset = E426h

Bit 15 14 13 12 11 10 9 8
Read EWM
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read | cycapc 0 CRC QDC PITO PIT1 0
Write
Reset 0 0 0 0 0 0 0 0
SIM_PSWR2 field descriptions
Field Description
15 EWM Software Reset
EWM
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
14-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 CMP Software Reset
CMP
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
11-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Cyclic ADC Software Reset
CYCADC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 CRC Software Reset
CRC
This bit causes a reset of the indicated peripheral.

Table continues on the next page...
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SIM_PSWR2 field descriptions (continued)

Field Description
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
4 QDC Software Reset
QbC
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
3 Programmable Interval Timer Software Reset
PITO
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
2 Programmable Interval Timer Software Reset
PIT1
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

9.2.31 Peripheral Software Reset Register 3 (SIM_PSWR3)

The Peripheral Software Reset registers are used to reset individual peripherals without
resetting the entire chip.

Address: E400h base + 27h offset = E427h

Bit 15 14 13 12 1 10 9 8
Read OPAMPA | OPAMPB | DMA_MUX
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
SIM_PSWR3 field descriptions
Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_PSWRS3 field descriptions (continued)

Field Description
11 OPAMPA Software Reset
OPAMPA
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
10 OPAMPB Software Reset
OPAMPB
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
9 DMA_MUX Software Reset
DMA_MUX
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
8 This field is reserved.
Reserved
7 PWMA Software Reset
PWMA
This bit causes a reset of the indicated peripheral.
0 The corresponding peripheral is not reset.
1 The corresponding peripheral is reset.
6-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.
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9.2.32 Power Mode Register (SIM_PWRMODE)

This register controls various low power modes of the chip if the Flash Memory Module
(FTFA)'s FOPT]0] bit is set (advanced power mode is enabled). All control bits in this
register are write protected. See the Power Management chapter for mode details.

Address: E400h base + 28h offset = E428h

Bit 15 14 13 12 | 1 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 | 3 2 1 0
Read
LPMODE | VLPMODE
Write
Reset 0 0 0 0 0 0 0 0
SIM_PWRMODE field descriptions
Field Description
15-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 LPMODE Status indicator
LPMS

This status bit indicates whether the chip is in LPMODE.

0 Notin LPMODE

1 In LPMODE
8 VLPMODE Status indicator
VLPMS
This status bit indicates whether the chip is in VLPMODE.
NOTE: This bit, along with the PMC's STS[SR27] bit, indicates an exit from VLPMODE.
0 Notin VLPMODE
1 In VLPMODE
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 LPMODE Entry/Exit
LPMODE

Writing to this bit causes the device to enter LPMODE. To exit LPMODE, clear this bit. This bit can be
written only if write protection is disabled (PROTI6] is 0). If both the LPMODE and VLPMODE bits are set,
the VLPMODE bit has higher priority.

0 Start exit from LPMODE
1 Start entry to LPMODE

Table continues on the next page...
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SIM_PWRMODE field descriptions (continued)

Field Description

0 VLPMODE Entry/Exit
VLPMODE

Writing to this bit causes the device to enter VLPMODE. To exit VLPMODE, clear this bit. This bit can be
written only if write protection is disabled (PROTI6] is 0). If both the LPMODE and VLPMODE bits are set,
the VLPMODE bit has higher priority.

0 Start exit from VLPMODE
1 Start entry to VLPMODE

9.2.33 Software Control Register (SIM_SCRO)

Address: E400h base + 45h offset = E445h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write SCRO

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCRO field descriptions

Field Description
SCRO Software Control Data

This field is for general-purpose use by software. It is reset only by a power-on reset.

9.2.34 Software Control Register (SIM_SCR1)

Address: E400h base + 46h offset = E446h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
Write SCR1

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCR1 field descriptions

Field Description
SCR1 Software Control Data

This field is for general-purpose use by software. It is reset only by a power-on reset.
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9.2.35 Software Control Register (SIM_SCR2)

Address: E400h base + 47h offset = E447h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3

Read
Write SCR2

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0

SIM_SCR2 field descriptions

Field Description

SCR2 Software Control Data

This field is for general-purpose use by software. It is reset only by a power-on reset.

9.2.36 Software Control Register (SIM_SCR3)

Address: E400h base + 48h offset = E448h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3

Read
Write SCR3

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0

SIM_SCRS field descriptions

Field Description

SCR3 Software Control Data

This field is for general-purpose use by software. It is reset only by a power-on reset.

9.2.37 Software Control Register (SIM_SCR4)

Address: E400h base + 49h offset = E449h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3
Read
Write SCR4
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0
SIM_SCR4 field descriptions
Field Description
SCR4 Software Control Data
This field is for general-purpose use by software. It is reset only by a power-on reset.
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9.2.38 Software Control Register (SIM_SCR5)

Address: E400h base + 4Ah offset = E44Ah

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write SCR5
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
SIM_SCRS5 field descriptions
Field Description
SCR5 Software Control Data
This field is for general-purpose use by software. It is reset only by a power-on reset.
9.2.39 Software Control Register (SIM_SCR6)
Address: E400h base + 4Bh offset = E44Bh
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write SCR6
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

SIM_SCR6 field descriptions

Field Description

SCR6 Software Control Data

This field is for general-purpose use by software. It is reset only by a power-on reset.

9.2.40 ADC and TMR Select Register (SIM_ADC_TMR_SEL)

This register selects Xbar input from ADC and TMRA.

Address: E400h base + 4Dh offset = E44Dh

Bit 15 14 13 12 11 10 9 8
Read
Write
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Cfﬁd XBAR_IN39 | XBAR_IN38 | XBAR_IN37 | XBAR_IN36
rite
Reset 0 0 0 0 0 0 0 0
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SIM_ADC_TMR_SEL field descriptions

Field Description
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 TimerA 3 or AN3 Limit.
XBAR_IN39
0 TMRA3
1 ADC ANS limit
2 TimerA 2 or AN2 Limit.
XBAR_IN38
0 TMRA2
1 ADC AN2 limit
1 TimerA 1 or AN1 Limit.
XBAR_IN37
0 TMRA1
1 ADC ANT1 limit
0 TimerA 0 or ANO Limit.
XBAR_IN36
0 TMRAO
1 ADC ANO limit

9.3 Functional Description

9.3.1 Clock Generation Overview

The SIM uses a master clock from the OCCS module (MSTR_2X) to produce the
peripheral and system (core and memory) clocks. This MSTR_2X clock input from
OCCS operates at two times the system and peripheral bus rate. Peripheral and system
clocks, with the exception of the RAM system clock, are generated by dividing the
MSTR_2X clock by two and gating it with appropriate power mode and clock gating
controls. The RAM requires a 2x system rate clock. This clock is therefore generated by
gating the MSTR_2X clock with appropriate power mode and clock gating controls.

The OCCS supports several methods for deriving MSTR_2X. A master clock source
(MSTR_OSC) is selected from several available sources, including an up to 50 MHz
external clock input (CLKIN), a 4 MHz to 16 MHz crystal oscillator, a 200 kHz internal
relaxation oscillator, or an 8 MHz / 2 MHz internal reference clock.
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A high-speed clock source can be derived by multiplying MSTR_OSC frequencies
between 8 MHz and 50 MHz through a PLL to a maximum allowed frequency of 400
MHz. Duty cycle correction for the high-speed clock source is achieved by a DIV2
circuit.

MSTR_2X is derived by selecting either MSTR_OSC or the high-speed clock source as
the active clock source and optionally dividing it through a post-scaler. The post-scaler
will support division by up to 256. As a result, the clock system has the flexibility to
generate diverse MSTR_2X frequencies from 200 MHz down to below 1 kHz.

While deriving the system and peripheral clocks from MSTR_2X, the SIM provides
several methods for clock gating to manage and reduce the overall power consumption of
the part. These methods include low-power modes RUN/STOP/WAIT and various clock
enables (PCEn registers, SDn registers, CLK_DIS, ONCE_EBL). System clocks
including the core clock normally operate only in RUN mode. Peripheral clocks operate
in RUN or WAIT modes when enabled by their individual clock gating controls in the
SIM’s PCE registers. Peripheral clocks may be individually overridden to operate in
STOP mode using the SIM’s SD registers—to operate select peripherals used for
recovery from STOP mode back to RUN mode.

9.3.2 Power-Down Modes Overview
The DSC core operates in one of following power-down modes.

Table 9-1. Clock Operation In Power Down Modes

Mode System Clocks Peripheral Clocks Description

RUN Core and memory Peripheral clocks Device is fully functional
clocks enabled enabled

WAIT  |Core and memory Peripheral clocks Core executes WAIT instruction to enter this mode. Wait
clocks disabled enabled mode is typically used for power conscious applications.

Possible recoveries from WAIT mode to RUN mode are:
1. Any interrupt.
2. Executing a debug mode entry command using the
DSC core JTAG interface.
3. Any reset (POR, external, software, COP, and so on).

STOP |Master clock generation in the OCCS remains Core executes STOP instruction to enter this mode. Possible

operational, but the SIM disables the generation |recoveries from stop mode to RUN mode are:

of system and peripheral clocks. 1. Interrupt from any peripheral configured in SD register
to operate in STOP mode.

2. Low voltage interrupt

3. Executing a debug mode entry command using the
DSC core JTAG interface.

4. Any reset.
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Chapter 9 System Integration Module (SIM)
RUN, WAIT and STOP modes provide means of enabling/disabling the peripheral and/or
system clocks as a group. Peripherals must be enabled (refer to PCEn registers) to operate
in any mode. Once enabled, their standard behavior is to operate in RUN and WAIT
modes but to be disabled in STOP mode. However, by asserting a peripheral’s STOP
disable bit (refer to SDn registers), the peripheral clock continues to operate in STOP
mode. This permits selected peripherals to remain operational in STOP mode to produce
interrupts which can recover the part from STOP mode back into RUN mode.

System clocks are individually gated in the SIM based on their specific requirements as a
function of low-power mode. Clocks specific to the DSC core processor operate only in
RUN mode. The DMAEBL field in the SIM Control register determines which low
power modes in which clocking to the DMA is enabled. Clocks to system bus slaves
including the IPBus interface, the RAM, and the flash memory, will operate in any low
power mode in which either the core processor or the DMA are enabled.

The SCIs can be configured to operate at two times the system bus rate using the
SCIn_CR control bits.

RUN, WAIT and STOP modes may be combined with the power management features of
the PMC, flash memory low power mode feature, and clock generation configuration of
the OCCS to provide a broad palette of power control techniques.
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Functional Description

9.3.3 STOP and WAIT Mode Disable Function

permanent
disable D Q
D-FLOP
DSC Core
- >CLKR Processor
A
RESET
re-programmable disable .
» D Q ——p»t stop_dis
D-FLOP

clock —P»
select ) )——» >CLKR

}

Figure 9-1. STOP Disable Circuit

RESET

The core processor supports both STOP and WAIT instructions. Both put the CPU to
sleep. The peripheral bus continues to run in WAIT mode, but in STOP mode, only
peripherals whose SDn control is asserted continue to run. Entry into STOP or WAIT
mode does not affect the OCCS configuration and affects only the generation of system
and peripheral clocks using the master clocks from the OCCS. The OCCS may be
reconfigured prior to entering STOP or WAIT, if desired, to reduce master clock
frequencies and thus the power utilization within the OCCS.

Some applications require the DSC core's STOP/WAIT instructions to be disabled.
Control fields are provided in the CTRL register to disable WAIT and/or STOP modes.
This setting can be made irrecoverable (recoverable only at the next reset) as illustrated in
Figure 9-1, by setting the lock bit within these fields.
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Chapter 9 System Integration Module (SIM)

9.4 Resets

The SIM supports several sources of reset.

Table 9-2. Sources of Reset

Label Source of Reset Timing
EXTR External Reset Asynchronous
POR Power-On-Reset (PMC) Asynchronous
COP_CPU COP CPU reset Asynchronous
COP_LOR COP Loss of Reference reset Synchronous
SWR Software reset (SIM) Synchronous
9.5 Clocks

All system and peripheral clocks are derived in the SIM by dividing the MSTR_2X clock
from OCCS by two. Exceptions include the RAM system clock, which is a gated version
of the MSTR_2X clock, and the 2x clock option to the PWMA and SCI modules. These
clocks operate at up to the MSTR_2X clock's maximum frequency. The SIM is
responsible for stalling individual clocks as a response to holdoff requests from system
bus slaves, low power modes, and other clock configuration parameters.

9.6 Interrupts

The SIM generates no interrupts.

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 237




Interrupts

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
238 NXP Semiconductors




Chapter 10
Interrupt Controller (INTC)

10.1 Chip-specific information for this module

10.1.1 Reset/Interrupt Vector Table

The following table shows the interrupt assignment.

Table 10-1. Interrupt Vector Table

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
Reserved 112 0-2 OxEO
Reserved 111 0-2 OxDE
Core 110 -1 0xDC SWILP N/A N/A SWILP
EWM 109 0-2 0xDA EWM_INT CTRL N/A EWM_ Indicate
[INTEN]
COP 108 0-2 0xD8 COP_INT CTRL N/A COP_ Warning
[INTEN]
GPIO A 107 0-2 0xD6 GPIOA IENR IPEND GPIO
GPIOB 106 0-2 0xD4 GPIOB IENR IPEND GPIO
GPIOC 105 0-2 0xD2 GPIOC IENR IPEND GPIO
GPIOD 104 0-2 0xDO GPIOD IENR IPEND GPIO
GPIO E 103 0-2 0xCE GPIOE IENR IPEND GPIO
GPIO F 102 0-2 0xCC GPIOF IENR IPEND GPIO
Reserved 101 0-2 0xCA
QDC 100 0-2 0xC8 QDC_HO | QDC_HO | CTRL[HIE] | CTRL[HIRQ] Home
ME_WDG_ ME
SAB  "QDC_WD | CTRLIDIE] | CTRLIDIRQ]|  Watchdog Timeout
G
QDC_SAB | CTRL2[SABI | CTRL2[SABI | Simultaneous PHA and
E] RQ] PHB change

Table continues on the next page...
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Chip-specific information for this module

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
99 0-2 0xC6 QDC_IND | QDC_IND | CTRL[XIE] | CTRL[XIRQ] Index
EX_RO_R EX
U_CMP "abc_RO |CTRL2[ROIE]| CTRL2[ROIR Roll over
Q
QDC_RU | CTRL2[RUIE] | CTRL2[RUIR Roll under
Q]
QDC_CMP N/A CTRL[CMPIR Compare Match
Q]
QDC_CMP N/A CTRL3[CMP Compare Match 1
1 11RQ]
Reserved 98 0-2 0xC4
Reserved 97 0-2 0xC2
Reserved 96 0-2 0xCO
PITO 95 0-2 0xBE PITO_ROL CTRL [PRIE] | CTRL[PRF] Roll Over
LOVR
PIT 1 94 0-2 0xBC PIT1_ROL CTRL [PRIE] | CTRL[PRF] Roll Over
LOVR
CMP A 93 0-2 0xBA CMPA CMP and SCRIIER] SCRICFR] Rising Edge
and OPAMP ""SGRIIEF] | SCRICFF] Falling Edge
OPAMP A OR'ed
OPAMPA CTRI[LDCMIE | CTR[LDCMF] Load Complete
]
CMP B 92 0-2 0xB8 CMPB CMP and SCRIIER] SCRI[CFR] Rising Edge
and OPAMP :
OPAMP B OR'ed SCRIIEF] SCRICFF] Falling Edge
OPAMPB CTRI[LDCMIE | CTR[LDCMF] Load Completed
]
CMP C 91 0-2 0xB6 CMPC SCRIIER] SCRICFR] Rising Edge
SCRIIEF] SCRICFF] Falling Edge
CMP D 90 0-2 0xB4 CMPD SCRIIER] SCRI[CFR] Rising Edge
SCRIIEF] SCRICFF] Falling Edge
FTFA 89 0-2 0xB2 FTFA_CC FCNFG FSTAT Command Complete
[CCIE] [CCIF]
88 0-2 0xB0 FTFA_RD FCNFG[RDC FSTAT Read Collision (Access)
COL OLLIE] [RDCOLERR] Error
eFlex 87 0-2 OxAE eFlexPWM SMOINTEN[C| SMOSTS Submodule 0 Compare
PWM A A_CMPO MPIE] [CMPF]
86 0-2 0xAC eFlexPWM SMOINTEN[R | SMOSTS [RF]| Submodule 0 Reload
A_RELOA IE]
DO
85 0-2 OxAA eFlexPWM SM1INTEN[C| SM1STS Submodule 1 Compare
A_CMP1 MPIE] [CMPF]
84 0-2 0xA8 eFlexPWM SM1INTEN[R | SM1STS[RF] Submodule 1 Reload
A_RELOA IE]
D1

Table continues on the next page...
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Chapter 10 Interrupt Controller (INTC)

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
83 0-2 0xA6 eFlexPWM SM2INTEN[C| SM2STS Submodule 2 Compare
A_CMP2 MPIE] [CMPF]
82 0-2 0xA4 eFlexPWM SM2INTEN[R | SM2STS [RF]| Submodule 2 Reload
A_RELOA IE]
D2
81 0-2 0xA2 eFlexPWM SMBINTEN[C| SMS3STS Submodule 3 Compare
A_CMP3 MPIE] [CMPF]
80 0-2 0xA0 eFlexPWM SM3INTEN[R | SM3STS [RF]| Submodule 3 Reload
A_RELOA IE]
D3
79 0-2 O0x9E eFlexPWM| OR'ed |SMOINTEN[C| SMOSTS Submodule 0-3 Input
A_CAP FA1IE] [CFAT1] Captures
SMOINTEN[C| SMOSTS
FAOIE] [CFAO]
SMOINTEN[C| SMOSTS
FB1IE] [CFBI1]
SMOINTEN[C| SMOSTS
FBOIE] [CFBO]
SMOINTEN[C| SMOSTS
FX1IE] [CFX1]
SMOINTEN[C| SMOSTS
FXOIE] [CFXO0]
SM1INTEN[C| SMI1STS
FA1IE] [CFAT1]
SM1INTEN[C| SMI1STS
FAOIE] [CFB1]
SM1INTEN[C| SMI1STS
FB1IE] [CFBO]
SM1INTEN[C| SMI1STS
FBOIE] [CFAQ]
SM1INTEN[C| SM1STS
FX1IE] [CFX1]
SM1INTEN[C| SMI1STS
FXOIE] [CFXO0]
SM2INTEN[C| SM2STS
FA1IE] [CFAT1]
SM2INTEN[C| SM2STS
FAOIE] [CFAO]
SM2INTEN[C| SM2STS
FB1IE] [CFBI1]
SM2INTEN[C| SM2STS
FBOIE] [CFBO]
SM2INTEN[C| SM2STS
FX1IE] [CFX1]

Table continues on the next page...
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Chip-specific information for this module

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
SM2INTEN[C| SM2STS
FXOIE] [CFXO0]
SMBINTEN[C| SMS3STS
FA1IE] [CFA1]
SMSBINTEN[C| SM3STS
FAOIE] [CFAOQ]
SMBINTEN[C| SMS3STS
FB1IE] [CFB1]
SMBINTEN[C| SM3STS
FBOIE] [CFBO]
SMBINTEN[C| SMS3STS
FX1IE] [CEX1]
SMBINTEN[C| SMS3STS
FXOIE] [CFX0]
78 0-2 0x9C eFlexPWM| OR'ed |SMOINTEN[R| SMOSTS Submodule 0-3 Reload
A_RERR EIE] [REF] Errors
SM1INTEN[R| SMI1STS
EIE] [REF]
SM2INTEN[R| SM2STS
EIE] [REF]
SMBINTEN[R| SMS3STS
EIE] [REF]
77 0-2 0x9A eFlexPWM FCTRL[FIE] FSTS Fault Condition
A_FAULT [FFLAG]
Reserved 76 0-2 0x98
Reserved 75 0-2 0x96
Reserved 74 0-2 0x94
Reserved 73 0-2 0x92
Reserved 72 0-2 0x90
Reserved 71 0-2 Ox8E
Reserved 70 0-2 0x8C
Reserved 69 0-2 0x88
Reserved 68 0-2 0x8A
Reserved 67 0-2 0x86 (0]
Reserved 66 0-2 0x84
Reserved 65 0-2 0x82
Reserved 64 0-2 0x80
Reserved 63 0-2 Ox7E
LPI2CO 62 0-2 0x7C LPI2CO OR'ed MIER[TDIE] | MSR[TDF] all master and slave
MIER[RDIE] | MSR[RDF] interrupts
MIER[EPIE] | MSRIEPF]

Table continues on the next page...
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Chapter 10 Interrupt Controller (INTC)

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address

MIER[SDIE] | MSR[SDF]
MIER[NDIE] | MSR[NDF]
MIER[ALIE] | MSR[ALF]
MIER[FEIE] | MSRIFEF]
MIER[PLTIE] | MSR[PLTF]
MIER[DMIE] | MSR[DMF]
SIER[TDIE] | SSR[TDF]
SIER[RDIE] | SSR[RDF]
SIER[AVIE] | SSR[AVF]
SIER[TAIE] SSRI[TAF]
SIER[RSIE] | SSR[RSF]
MIER[SDIE] | SSR[SDF]
MIER[BEIE] | SSRI[BEF]
SIER[FEIE], | SSR[FEF]
SIER[AMOIE] | SSR[AMOF]
SIER[AM1IE] | SSR[AM1F]
SIER[GCIE] | SSR[GCF]
SIER[SARIE] | SSR[SARF]

LPI2C1 61 0-2 Ox7A LPI2C1 OR'ed MIER[TDIE], | MSR[TDF], all master and slave
MIER[RDIE], | MSR[RDF], interrupts
MIERI[EPIE], | MSRIEPF],
MIER[SDIE], | MSR[SDF],
MIER[NDIE], | MSRI[NDF],
MIERI[ALIE], | MSR[ALF],
MIER[FEIE], | MSR[FEF],
MIER[PLTIE],| MSR[PLTF],
MIER[DMIE], | MSR[DMF],
SIER[TDIE], | SSRI[TDF],
SIER[RDIE], | SSR[RDF],
SIER[AVIE], | SSRI[AVF],
SIER[TAIE], | SSRI[TAF],
SIER[RSIE], | SSR[RSF],
MIER[SDIE], | SSR[SDF],
MIER[BEIE], | SSRI[BEF],
SIER[FEIE], | SSRIFEF],
SIER[AMOIE],| SSR[AMOF],
SIER[AM1IE],| SSR[AM1F],
SIER[GCIE], | SSR[GCF],
SIER[SARIE] | SSR[SARF]

QSPI 60 0-2 0x78 QSPI_RCV| OR'ed SPSCR SPSCR Receiver Full

[SPRIE] [SPRF],
SPFIFO
RFWM]

Table continues on the next page...
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Chip-specific information for this module

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
SPSCR SPSCR Mode Fault, Overflow
[ERRIR] [MODF,
OVRF]
59 0-2 0x76 QSPI_XMI SPSCR SPSCR Transmitter Empty
T [SPTIE] [SPTE],
SPFIFO
[TFWM]
Reserved 58 0-2 0x74
57 0-2 0x72
Reserved 56 0-2 0x70
55 0-2 Ox6E
QSscCio 54 0-2 0x6C QSCI0_TD CTRLA1 STAT[[TDRE]| Transmit Data Register
RE [TEIE] Empty
53 0-2 Ox6A QSCIO_TI OR'ed |[CTRLI1 [TIIE],| STAT[TIDLE, | Transmitter and Receiver
DLE, CTRL2 [RIIE] RIDLE] Idle
_RIDLE
52 0-2 0x68 QSCIO_RD OR'ed CTRLA STAT[RDRF, | Receive Data Register
FD, _OR, [RFIE], OR, RIEF] Full / Overrun / Active
_RIEF CTRL2[RIEIE Edge
]
51 0-2 0x66 QSCI0_RE CTRLA1 STAT[OR,NF Receiver Error
RR [REIE] , FE,PF,LSE]
QSCl 1 50 0-2 0x64 QSCH CTRL1 STAT[[TDRE]| Transmit Data Register
_TDRE [TEIE] Empty
49 0-2 0x62 QSCH OR'ed |CTRLI1 [TIIE],| STAT[TIDLE, | Transmitter and Receiver
_TIDLE, CTRL2 [RIIE] RIDLE] Idle
_RIDLE
48 0-2 0x60 QSCI1 OR'ed CTRLA STAT[RDRF, | Receive Data Register
_RDFD, [RFIE], OR, RIEF] Full / Overrun / Active
_OR, CTRL2[RIEIE Edge
_RIEF |
47 0-2 Ox5E QSCH CTRLA1 STAT[OR,NF Receiver Error
_RERR [REIE] ,FE,PF,LSE]
Reserved 46 0-2 0x5C
45 0-2 O0x5A
44 0-2 0x58
43 0-2 0x56
Reserved 42 0-2 0x54
Reserved 41 0-2 0x52
Reserved 40 0-2 0x50
Reserved 39 0-2 Ox4E
Reserved 38 0-2 0x4C
Reserved 37 0-2 O0x4A

Table continues on the next page...
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Chapter 10 Interrupt Controller (INTC)

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
eDMA CHO| 36 0-2 0x48 DMACHO INT_HALF, NT[INTO] eDMA CHO Service Req
INT_MAJ,
DONE
eDMA CH1| 35 0-2 0x46 DMACHA1 INT_HALF, INT[INT1] eDMA CH1 Service Req
INT_MAJ,
DONE
eDMA CH2| 34 0-2 0x44 DMACH2 INT_HALF, INT[INT2] eDMA CH2 Service Req
INT_MAJ,
DONE
eDMA CH3| 33 0-2 0x42 DMACH3 INT_HALF, INT[INT3] eDMA CH3 Service Req
INT_MAJ,
DONE
eDMA 32 0-2 0x40 DMA OR'ed ERR[ERRS, EEI[EEI3, DMA Error
_ERR ERR2, ERR1,| EEI2, EEN,
ERRO] EEIO]
ADC 31 0-2 O0x3E ADC_ERR CTRL1[ZCIE,| STAT[ZCI, ADC zero crossing, low
LLMTIE,HLM | LLMT, HLMT] limit, and high limit
TIE]
30 0-2 0x3C ADC_CCO CTRL1[EOSI | STAT[EOSIO] | ADC Scan Complete or a
EO], , RDY[RDY], | group of ADC Conversion
SCHLTEN[S | RDY2[RDY], Complete in any scan
CHLTEN, | EXPSTAT[M | type, or ADCA Expansion
SCHLTEN2[S| UXAIRQ] Auxiliary Control Scan
CHLTEN], Complete.
EXPCFG[MA
XAIE]
297 0-2 0x3A ADC_CC1 CTRL2[EOSI | STAT[EOSI1]| ADCB Scan Complete or
E1], , RDY[RDY], a group of ADCB
SCHLTEN[S | RDY2[RDY], | Conversion Complete or
CHLTEN, | EXPSTAT[M |ADCB Expansion Auxiliary
SCHLTEN2[S| UXBIRQ] | Control Scan Complete in
CHLTEN], non-simultaneous parallel
EXPCFG[MA scan mode.
XBIE]
TIMER AO 28 0-2 0x38 TMRA_O0 | TMRAOTC SCTRL SCTRL Timer Compare
F [TCFIE] [TCFIE]
TMRAOTO SCTRL SCTRL[TOF] Timer Overflow
F [TOFIE]
TMRAOIEF SCTRL SCTRL[IEF] Input Edge Flag
[IEFIE]
TMRAOTC | CSCTRL CSCTRL Timer Compare Flag 1
F1 [TCF1EN] [TCF1]
TMRAOQOTC CSCTRL CSCTRL Timer Compare Flag 2
F2 [TCF2EN] [TCF2]
TIMER A1 27 0-2 0x36 TMRA_1 | TMRA1TC SCTRL SCTRL Timer Compare
F [TCFIE] [TCFIE]
TMRA1TO SCTRL SCTRL[TOF] Timer Overflow
F [TOFIE]

Table continues on the next page...
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Chip-specific information for this module

Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
TMRAT1IEF SCTRL SCTRL[IEF] Input Edge Flag
[IEFIE]
TMRA1TC | CSCTRL CSCTRL Timer Compare Flag 1
F1 [TCF1EN] [TCF1]
TMRA1TC | CSCTRL CSCTRL Timer Compare Flag 2
F2 [TCF2EN] [TCF2]
TIMER A2 | 26 0-2 0x34 TMRA_2 | TMRA2TC SCTRL SCTRL Timer Compare
F [TCFIE] [TCFIE]
TMRA2TO SCTRL SCTRL [TOF] Timer Overflow
F [TOFIE]
TMRA2IEF SCTRL SCTRL [IEF] Input Edge Flag
[IEFIE]
TMRA2TC | CSCTRL CSCTRL Timer Compare Flag 1
F1 [TCF1EN] [TCFA1]
TMRA2TC | CSCTRL CSCTRL Timer Compare Flag 2
F2 [TCF2EN] [TCF2]
TIMER A3 | 25 0-2 0x32 TMRA_3 | TMRA3TC SCTRL SCTRL Timer Compare
F [TCFIE] [TCFIE]
TMRA3TO SCTRL SCTRL [TOF] Timer Overflow
F [TOFIE]
TMRASIEF SCTRL SCTRL [IEF] Input Edge Flag
[IEFIE]
TMRA3TC | CSCTRL CSCTRL Timer Compare Flag 1
F1 [TCF1EN] [TCF1]
TMRA3 CSCTRL CSCTRL Timer Compare Flag 2
TCF2 [TCF2EN] [TCF2]
Reserved 24 0-2 0x30
Reserved 23 0-2 0x2E
Reserved 22 0-2 0x2C
Reserved 21 0-2 0x2A
OCCS 20 1-3 0x28 OCCS |OCCSLOLI|CTRL[PLLIE1| STAT[LCK1] PLL Loss of Lock 1
1 ]
OCCSLOLI|CTRL[PLLIEO| STAT[LCKO] PLL Loss of Lock 0O
0 ]
OCCSLOC |CTRL[LOCIE]| STAT[LOCI] | PLL Loss of Reference
| Clock
PMC 19 1-3 0x26 LV CTRL[IOLVIE | STAT[IOLVS, | Low Voltage Interrupt
, CLVIE] CLVS]
XBARA 18 1-3 0x24 XBARA CTRLO[IENO]I| CTRLO[STSO Crossbar Interrupt
CTRLO[IEN1]I 1
CTRLA1[IENO]I| CTRLO[STSHT
CTRLA1[IEN1] 1
CTRL1[STSO
Table continues on the next page...
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Table 10-1. Interrupt Vector Table (continued)

Periphera | Vector| Priorit| Vector Interrupt Details Local Local Description
| # y Base Enable Source
Level | Address
1
CTRL1[STSH
]
Core 17 0 0x22 SWI0 N/A N/A SW Interrupt 0
Core 16 1 0x20 SWIi1 N/A N/A SW Interrupt 1
Core 15 2 Ox1E SWi2 N/A N/A SW Interrupt 2
Reserved 14 1-3 0x1C Reserved
Reserved 13 1-3 Ox1A Reserved
Reserved 12 1-3 0x18 Reserved
Core 11 1-3 0x16 BUS_ERR MCM_CFIE Core Bus Error Interrupt
R[ECFEI]
Core 10 1-3 0x14 RX_REG IPRO[RX_RE Core EONCE Receive Register
G] Full
Core 9 1-3 0x12 TX_REG IPRO[TX_RE Core EONCE Transmit Register
G] Empty
Core 8 1-3 0x10 TRBUF IPRO[TRBUF] Core EONCE Trace Buffer
Interrupt
Core 7 1-3 O0xO0E BKPT IPRO[BKPT_ Core EONCE Breakpoint Unit
U]
Core 6 1-3 0x0C STPCNT IPRO[STPCN Core EONCE Step Counter
T] Interrupt
Core 5 3 O0x0A MISALIGN N/A Core Misaligned Data Access
ED
Core 4 3 0x08 OVERFLO N/A Core Hardware Stack Overflow
w
Core 3 3 0x06 SWI3 N/A Core SW Interrupt 3
Core 2 3 0x04 ILLEGAL- N/A Core lllegal Instruction
OP
Core 1 0x02 COP_RES Reserved for COP Reset
ET Overlay
Core 0 0x00 HW_RESE Reserved for Reset
T Overlay

1. This interrupt is only able to assertt in non-simultaneous parallel scan mode

COP, GPIOs, SCIs, SPIs, LPI2C, PITs, CMPs, QDC, RESET support to wake up core
via interrupt controller when the clock to that module is enabled.
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10.2 Introduction

The Interrupt Controller (INTC) module arbitrates among the various interrupt requests
(IRQs). The module supports unique interrupt vectors and programmable interrupt
priority. It signals to the DSC core when an interrupt of sufficient priority exists and to
what address to jump to service this interrupt.

10.2.1 References
e DSP56800E DSC Core Reference Manual

10.2.2 Features

The INTC module design has these distinctive features:
* Programmable priority levels for each IRQ
e Two programmable fast interrupts

* Notification to System Integration Module (SIM) to restart clocks when exiting wait
and stop modes

* Driving of initial address on the address bus after reset

10.2.3 Modes of Operation

The INTC module design has these major modes of operation: functional mode and wait
and stop modes.

* Functional mode
The INTC is in this mode by default.
* Wait and stop mode operation

In wait and stop modes, the system clocks and the core are turned off. The INTC
signals a pending IRQ to the System Integration Module (SIM) to restart the clocks
and service the IRQ. An IRQ can wake up the core only if the IRQ is enabled prior to
entering wait or stop mode.
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10.2.4 Block Diagram
The following figure is a block diagram of the INTC module.

Priority - Level 0 any0
Level —
[] | 7
INT 254 | Priority /
T— Decode | . Encoder
I |
| ——
>
| | _ L INT
| | |
I | | - VAB
| | | CONTROL
I . - IPIC
| |
: | —
| I
| !
| — any3 iack
— Level 3
— sr[9:8]
Priority —
Level | - pic_en
| | | Priority //
' Encoder
2->4 —
INTh — L ]
Decode | —
T L |
Figure 10-1. Interrupt Controller Block Diagram
10.3 Memory Map and Registers
This module uses 16-bit word addressing.
INTC memory map
Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page
E300 Interrupt Priority Register 0 (INTC_IPRO) 16 R/W 0000h 10.3.1/250
E301 Interrupt Priority Register 1 (INTC_IPR1) 16 R/W 0000h 10.3.2/252
Table continues on the next page...
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INTC memory map (continued)

232?::? Register name (i":i:ittr;) Access | Reset value S:‘:;Zn/
(hex)
E302 Interrupt Priority Register 2 (INTC_IPR2) 16 R/W 0000h 10.3.3/253
E303 Interrupt Priority Register 3 (INTC_IPR3) 16 R/W 0000h 10.3.4/254
E304 Interrupt Priority Register 4 (INTC_IPR4) 16 R/W 0000h 10.3.5/255
E305 Interrupt Priority Register 5 (INTC_IPR5) 16 R/W 0000h 10.3.6/256
E306 Interrupt Priority Register 6 (INTC_IPR6) 16 R/W 0000h 10.3.7/258
E308 Interrupt Priority Register 8 (INTC_IPR8) 16 R/W 0000h 10.3.8/259
E309 Interrupt Priority Register 9 (INTC_IPR9) 16 R/W 0000h 10.3.9/260
E30A Interrupt Priority Register 10 (INTC_IPR10) 16 R/W 0000h 10.3.10/261
E30B Interrupt Priority Register 11 (INTC_IPR11) 16 R/W 0000h 10.3.11/263
E30C Interrupt Priority Register 12 (INTC_IPR12) 16 R/W 0000h 10.3.12/264
E30D Vector Base Address Register (INTC_VBA) 16 R/W 0000h 10.3.13/266
E30E Fast Interrupt 0 Match Register (INTC_FIMO) 16 R/W 0000h 10.3.14/266
E30F Zﬁ?ﬁé’fﬁwfig Vector Address Low Register 16 RIW 0000h | 10.3.15/267
E310 Zif%’lt,‘flr\r/f;g)vecwr Address High Register 16 R/W 0000h | 10.3.16/267
E311 Fast Interrupt 1 Match Register (INTC_FIM1) 16 R/W 0000h 10.3.17/267
E312 Zﬁf%’lt,‘_flr\r/‘fi 11) Vector Address Low Register 16 R/W 0000h | 10.3.18/268
E313 E;?;é’itﬁlr{/f:':)vecmr Address High Register 16 R/W 0000h | 10.3.19/268
E314 IRQ Pending Register 0 (INTC_IRQPO) 16 R FFFFh 10.3.20/269
E315 IRQ Pending Register 1 (INTC_IRQP1) 16 R FFFFh 10.3.21/269
E316 IRQ Pending Register 2 (INTC_IRQP2) 16 R FFFFh 10.3.22/270
E317 IRQ Pending Register 3 (INTC_IRQP3) 16 R FFFFh 10.3.23/270
E318 IRQ Pending Register 4 (INTC_IRQP4) 16 R FFFFh 10.3.24/271
E319 IRQ Pending Register 5 (INTC_IRQP5) 16 R FFFFh 10.3.25/271
E31A IRQ Pending Register 6 (INTC_IRQP®6) 16 R FFFFh 10.3.26/272
E31B Control Register (INTC_CTRL) 16 R/W 001Ch 10.3.27/272
10.3.1 Interrupt Priority Register 0 (INTC_IPRO)
Address: E300h base + 0Oh offset = E300h
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
wrﬁg Reserved Reserved BUS_ERR RX_REG TX_REG TRBUF BKPT STPCNT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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INTC_IPRO field descriptions

Field

Description

15-14
Reserved

This field is reserved.
Do not modify this bitfield.

13-12
Reserved

This field is reserved.
Do not modify this bitfield.

11-10
BUS_ERR

Bus Error Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

9-8
RX_REG

EONCE Receive Register Full Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

7-6
TX_REG

EONCE Transmit Register Empty Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

54
TRBUF

EONCE Trace Buffer Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

BKPT

EONCE Breakpoint Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

STPCNT

EONCE Step Counter Interrupt Priority Level

Table continues on the next page...
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INTC_IPRO field descriptions (continued)

Field Description

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

10.3.2 Interrupt Priority Register 1 (INTC_IPR1)

Address: E300h base + 1h offset = E301h

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Read 0CCS LVI1 XBARA -

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IPR1 field descriptions

Field Description
15-8 This field is reserved.
Reserved
7-6 PLL Loss of Reference or Change in Lock Status Interrupt Priority Level
OCCSs

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

5-4 Low Voltage Detector Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

32 Inter-Peripheral Crossbar Switch A (XBARA) Interrupt Priority Level
XBARA

These fields are used to set the interrupt priority levels for certain IRQs. These IRQs are limited to
priorities 1-3 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 1
10 IRQ Priority Level 2
11 IRQ Priority Level 3

Reserved This field is reserved.
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Chapter 10 Interrupt Controller (INTC)

Interrupt Priority Register 2 (INTC_IPR2)

Address: E300h base + 2h offset = E302h

Bit 15

13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read
Write

DMA_ERR

ADC_ERR | ADC_CCO ADC_CCH1 TMRA_O TMRA_1 TMRA_2 TMRA_3

Reset 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IPR2 field descriptions

Field

Description

15-14
DMA_ERR

DMA Error Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12
ADC_ERR

ADC_CYC Zero Crossing, High Limit, or Low Limit Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10
ADC_CCO

ADC_CYC Conversion Complete Interrupt Priority Level (any scan type except converter B in non-
simultaneous parallel scan mode)

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

ADC_CYC Conversion Complete Interrupt Priority Level (converter B in non-simultaneous parallel scan
mode)

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6
TMRA_O

Timer A Channel 0O Interrupt Priority Level

Table continues on the next page...
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INTC_IPR2 field descriptions (continued)

Field Description
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 Timer A Channel 1 Interrupt Priority Level
TMRA_1
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 Timer A Channel 2 Interrupt Priority Level
TMRA_2
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
TMRA_3 Timer A Channel 3 Interrupt Priority Level
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
10.3.4 Interrupt Priority Register 3 (INTC_IPR3)
Address: E300h base + 3h offset = E303h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

Write

DMACHO DMACHH1 DMACH2 DMACH3

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPRS field descriptions
Field Description
15-12 This field is reserved.
Reserved

Table continues on the next page...
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Chapter 10 Interrupt Controller (INTC)
INTC_IPRS field descriptions (continued)

Field Description
11-8 This field is reserved.
Reserved
7-6 DMA Channel 0 Service Request Interrupt Priority Level
DMACHO

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 DMA Channel 1 Service Request Interrupt Priority Level
DMACHH1

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

3-2 DMA Channel 2 Service Request Interrupt Priority Level
DMACH2

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

DMACH3 DMA Channel 3 Service Request Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

10.3.5 Interrupt Priority Register 4 (INTC_IPR4)

Address: E300h base + 4h offset = E304h

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Read QSCl_
write | @SC1_RCV | "pepr

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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INTC_IPR4 field descriptions

Field Description
15-14 QSCI 1 Receive Data Register Full Interrupt Priority Level
QSCI1_RCV

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 QSCI 1 Receiver Error Interrupt Priority Level

QSCI1_RERR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-4 This field is reserved.

Reserved
Reserved This field is reserved.
10.3.6 Interrupt Priority Register 5 (INTC_IPR5)

Address: E300h base + 5h offset = E305h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read QSCI0_ | QSCI0_TRID Qsclo QSCI1_ |QSCI1_TRID
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IPRS5 field descriptions
Field Description
15-14 This field is reserved.
Reserved
13-12 This field is reserved.
Reserved
11-10 QSCI 0 Transmit Data Register Empty Interrupt Priority Level
QSCIO_TDRE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

Table continues on the next page...
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Chapter 10 Interrupt Controller (INTC)
INTC_IPRS5 field descriptions (continued)

Field Description
9-8 QSCI 0 Transmitter and Receiver Idle Interrupt Priority Level
QSCIO_TRIDLE . ) o ) . o
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-6 QSCI 0 Receive Data Register Full Interrupt Priority Level
QSCI0_RCV
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 QSCIO0 Receiver Error Interrupt Priority Level
QSCI0O_RERR
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 QSCI 1 Transmit Data Register Empty Interrupt Priority Level
QSCI1_TDRE
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
QSCI1_TRIDLE [QSCI 1 Transmitter and Receiver Idle Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
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10.3.7 Interrupt Priority Register 6 (INTC_IPR6)
Address: E300h base + 6h offset = E306h
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPRG6 field descriptions
Field Description
15-12 This field is reserved.
Reserved
11-10 12C0 Interrupt Priority Level
LPI2CO
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
9-8 I12C1 Interrupt Priority Level
LPI2CA
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-6 QSPIO Receiver Full Interrupt Priority Level
QSPI0_RCV
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 QSPI0 Transmitter Empty Interrupt Priority Level
QSPIO_XMIT
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
Reserved This field is reserved.
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10.3.8 Interrupt Priority Register 8 (INTC_IPRS8)

Address: E300h base + 8h offset = E308h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read [ pwmA PWMA
Write | RELOAD3 | TWMA_CAP | "prpg

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_IPRS field descriptions

Field Description
15-14 PWMA Submodule 3 Reload Interrupt Priority Level
PWMA_

RELOAD3 These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 PWMA Submodule Capture Interrupt Priority Level
PWMA_CAP

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

The IRQ represented by this field is a logical OR of input captures for PWMA's submodules 0-3:
PWMA_CAP3 | PWMA_CAP2 | PWMA_CAP1 | PWMA_CAPO.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10 PWMA Reload Error Interrupt Priority Level
PWMA_RERR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 PWMA Fault Interrupt Priority Level
PWMA_FAULT

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level O
10 IRQ Priority Level 1
11 IRQ Priority Level 2

Reserved This field is reserved.
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10.3.9

Interrupt Priority Register 9 (INTC_IPR9)

Address: E300h base + 9h offset = E309h

Bit 15 14

13 12 11 10 7 6 4 3 2

Read
Write

FTFA_
RDCOL

PWMA_
RELOAD1

PWMA_
CMP2

PWMA_
RELOAD2

PWMA_
CMP3

PWMA_
CMPO

PWMA_
RELOADO

PWMA_
CMP1

Reset 0 0

0 0 0 0 0 0

INTC_IPR9 field descriptions

0 0 0 0

Field

Description

15-14
FTFA_RDCOL

FTFA Access Error Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00
01

IRQ disabled (default)
IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12
PWMA_CMPO

PWMA Submodule 0 Compare Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00
01

IRQ disabled (default)
IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10
PWMA_
RELOADO

PWMA Submodule 0 Reload Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00
01

IRQ disabled (default)
IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8
PWMA_CMP1

PWMA Submodule 1 Compare Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00
01

IRQ disabled (default)
IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6
PWMA_
RELOAD1

PWMA Submodule 1 Reload Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

Table continues on the next page...
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INTC_IPR9 field descriptions (continued)

Field Description
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 PWMA Submodule 2 Compare Interrupt Priority Level
PWMA_CMP2
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 PWMA Submodule 2 Reload Interrupt Priority Level
PWMA_
RELOAD?2 These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
PWMA_CMP3 |PWMA Submodule 3 Compare Interrupt Priority Level
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
10.3.10 Interrupt Priority Register 10 (INTC_IPR10)
Address: E300h base + Ah offset = E30Ah
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read PITO PIT1 CMPA_OPA | CMPB_OPA
Write - ROLLOVR | ROLLOVR MPA MPB CMPC CMPD FTFA_CC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPR10 field descriptions
Field Description
15-14 This field is reserved.
Reserved
13-12 PITO Roll Over Interrupt Priority Level
PITO_ROLLOVR
Table continues on the next page...
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INTC_IPR10 field descriptions (continued)

Field Description

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

11-10 PIT1 Roll Over Interrupt Priority Level
PIT1_ROLLOVR

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

9-8 Comparator A
CMPA_OPAMPA / OPAMP A

Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

7-6 Comparator B
CMPB_OPAMPB / OPAMP B

Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

5-4 Comparator C Interrupt Priority Level
CMPC

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

32 Comparator D Interrupt Priority Level
CMPD

Table continues on the next page...
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INTC_IPR10 field descriptions (continued)

Field Description

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

FTFA_CC FTFA Command Complete Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

10.3.11 Interrupt Priority Register 11 (INTC_IPR11)

Address: E300h base + Bh offset = E30Bh

Bit 15 14 13 12 11 10 7 6 5 4 3 2 1 0
Read QDnC._ Qnc._
Write | GPIOD GPIOE GPIOF HOME_ | INDEX_RO_
WDG._SAB | RU_CMP

Reset 0 0 0 0 0 0

INTC_IPR11 field descriptions

Field Description

15-14 GPIO D Interrupt Priority Level
GPIOD

0 0 0 0 0 0 0 0

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

13-12 GPIO E Interrupt Priority Level
GPIOE

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2

Table continues on the next page...
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INTC_IPR11 field descriptions (continued)

Field Description
11-10 GPIO F Interrupt Priority Level
GPIOF ] ) o ] ] o
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
9-8 This field is reserved.
Reserved
7-6 Quad Decoder Home/Watchdog Interrupt Priority Level
QDC_HOME_ ] ) o ] ] o
WDG SAB | These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
- to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 Quad Decoder Compare Interrupt Priority Level
QDC_INDEX_
RO RU CMp |These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
T to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 This field is reserved.
Reserved
Reserved This field is reserved.

10.3.12 Interrupt Priority Register 12 (INTC_IPR12)

Address: E300h base + Ch offset = E30Ch

Bit 15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTC_IPR12 field descriptions
Field Description
15-14 This field is reserved.
Reserved

Table continues on the next page...
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INTC_IPR12 field descriptions (continued)

Field Description
13-12 This field is reserved.
Reserved
11-10 This field is reserved.
Reserved
9-8 External Watchdog Monitor Interrupt Priority Level
EWM_INT
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
7-6 COP Watchdog Interrupt Priority Level
COP_INT
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
5-4 GPIO A Interrupt Priority Level
GPIOA ] ] o ] . o
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
3-2 GPIO B Interrupt Priority Level
GPIOB
These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.
00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
GPIOC GPIO C Interrupt Priority Level

These fields are used to set the interrupt priority levels for certain peripheral IRQs. These IRQs are limited
to priorities 0-2 and are disabled by default.

00 IRQ disabled (default)
01 IRQ Priority Level 0
10 IRQ Priority Level 1
11 IRQ Priority Level 2
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10.3.13 Vector Base Address Register (INTC_VBA)

Address: E300h base + Dh offset = E30Dh

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read
fead _ VECTOR_BASE_ADDRESS

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

INTC_VBA field descriptions

Field Description
15-13 This field is reserved.
Reserved
VECTOR_ Interrupt Vector Base Address
BASE_

ADDRESS The value in this register is used as the upper 13 bits of the interrupt vector VAB[20:0]. The lower 8 bits
are determined based on the highest priority interrupt and are then appended onto the
VECTOR_BASE_ADDRESS before presenting the full Vector Address Bus [VAB] to the Core.

NOTE: After power-on reset, the device must boot from program flash at 0x00_0000, so VBA always
resets to zeros.

10.3.14 Fast Interrupt 0 Match Register (INTC_FIMO)

Address: E300h base + Eh offset = E30Eh

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write FAST_INTERRUPT_O

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

INTC_FIMO field descriptions

Field Description
15-7 This field is reserved.
Reserved
FAST_ Fast Interrupt 0 Vector Number
INTERRUPT_O

These values are used to declare which two IRQs will be Fast Interrupts. Fast Interrupts vector directly to
a service routine based on values in the Fast Interrupt Vector Address registers without having to go to a
jump table first. IRQs used as fast interrupts MUST be set to priority level 2. Unexpected results will occur
if a fast interrupt vector is set to any other priority. Fast interrupts automatically become the highest priority
level 2 interrupt regardless of their location in the interrupt table prior to being declared as fast interrupt.
Fast interrupt 0 has priority over fast interrupt 1. To determine the vector number of each IRQ, refer to the
vector table in the memory section of the system specification in this document.
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10.3.15 Fast Interrupt 0 Vector Address Low Register (INTC_FIVALO)

This low register is combined with the corresponding high register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + Fh offset = E30Fh

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write FI_0_VECTOR_ADDRESS_LOW

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

INTC_FIVALDO field descriptions

Field Description

FI_O_VECTOR_ |Lower 16 bits of vector address for fast interrupt 0
ADDRESS_LOW

10.3.16 Fast Interrupt 0 Vector Address High Register (INTC_FIVAHO)

This high register is combined with the corresponding low register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 10h offset = E310h

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write FI_0_VECTOR_ADDRESS_HIGH

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0
INTC_FIVAHO field descriptions
Field Description
15-5 This field is reserved.
Reserved
FI_0_VECTOR_ |Upper 5 bits of vector address for fast interrupt 0

ADDRESS_HIGH

10.3.17 Fast Interrupt 1 Match Register (INTC_FIM1)

Address: E300h base + 11h offset = E311h
4 3 2 1 0

FAST_INTERRUPT_1

Bit 15 14 13 12 11 10 9 8 7 6 5

Read
Write

Reset 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
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INTC_FIM1 field descriptions

Field Description
15-7 This field is reserved.
Reserved
FAST_ Fast Interrupt 1 Vector Number
INTERRUPT_A1

These values are used to declare which two IRQs will be Fast Interrupts. Fast Interrupts vector directly to
a service routine based on values in the Fast Interrupt Vector Address registers without having to go to a
jump table first. IRQs used as fast interrupts MUST be set to priority level 2. Unexpected results will occur
if a fast interrupt vector is set to any other priority. Fast interrupts automatically become the highest priority
level 2 interrupt regardless of their location in the interrupt table prior to being declared as fast interrupt.
Fast interrupt 0 has priority over fast interrupt 1. To determine the vector number of each IRQ, refer to the
vector table in the memory section of the system specification in this document.

10.3.18 Fast Interrupt 1 Vector Address Low Register (INTC_FIVAL1)

This low register is combined with the corresponding high register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 12h offset = E312h

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write FI_1_VECTOR_ADDRESS_LOW

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

INTC_FIVALA1 field descriptions

Field Description

FI_1_VECTOR_ |Lower 16 bits of vector address for fast interrupt 1
ADDRESS_LOW

10.3.19 Fast Interrupt 1 Vector Address High Register (INTC_FIVAH1)

This high register is combined with the corresponding low register to form the 21-bit
vector address for the fast interrupt that is defined in the corresponding match register.

Address: E300h base + 13h offset = E313h

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Read
Write FI_1_VECTOR_ADDRESS_HIGH

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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INTC_FIVAH1 field descriptions

Field Description

15-5 This field is reserved.
Reserved

FI_1_VECTOR_ |Upper 5 bits of vector address for fast interrupt 1
ADDRESS_HIGH

10.3.20 IRQ Pending Register 0 (INTC_IRQPO)

Address: E300h base + 14h offset = E314h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[16:2] 1
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQPO field descriptions
Field Description
15-1 Pending IRQs

PENDING[16:2]
These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

10.3.21 IRQ Pending Register 1 (INTC_IRQP1)

Address: E300h base + 15h offset = E315h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[32:17]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQP1 field descriptions
Field Description

PENDING[32:17] |Pending IRQs

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number
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10.3.22 |IRQ Pending Register 2 (INTC_IRQP2)
Address: E300h base + 16h offset = E316h

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[48:33]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQP2 field descriptions
Field Description
PENDING[48:33] |Pending IRQs

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

10.3.23 IRQ Pending Register 3 (INTC_IRQP3)
Address: E300h base + 17h offset = E317h

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[64:49]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQP3 field descriptions
Field Description
PENDING[64:49] |Pending IRQs

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number
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10.3.24 IRQ Pending Register 4 (INTC_IRQP4)
Address: E300h base + 18h offset = E318h
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

Read PENDING[80:65]

Write

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQP4 field descriptions
Field Description
PENDING[80:65] |Pending IRQs

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

10.3.25 IRQ Pending Register 5 (INTC_IRQP5)
Address: E300h base + 19h offset = E319h

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[96:81]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

INTC_IRQPS field descriptions
Field Description

PENDING[96:81]

Pending IRQs

These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number
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10.3.26 IRQ Pending Register 6 (INTC_IRQP6)

Address: E300h base + 1Ah offset = E31Ah

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read PENDING[11x:97]
Write
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INTC_IRQPE6 field descriptions
Field Description

PENDING[11x:97] |Pending IRQs
These registers combine to represent the pending IRQs for interrupt vector numbers 2 onward.

NOTE: For interrupt vector number 110, the edge triggered IRQ's status shown by the
corresponding INTC_IRQPNn[PENDING] bit depends on when the IRQ Pending register is
read. Before the ISR is entered, the PENDING bit shows that the IRQ is pending. After the
ISR is entered (also with the corresponding Interrupt pending bit cleared), the PENDING bit
shows that the IRQ is not pending.

0 IRQ pending for this vector number
1 No IRQ pending for this vector number

10.3.27 Control Register (INTC_CTRL)

Address: E300h base + 1Bh offset = E31Bh

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Read | INT IPIC VAB INT 1 0
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0

INTC_CTRL field descriptions
Field Description
15 Interrupt
INT

This bit reflects the state of the interrupt to the core.

0 Nointerrupt is being sent to the core.
1 Aninterrupt is being sent to the core.

14-13 Interrupt Priority Level

IPIC
These bits reflect the new interrupt priority level bits being sent to the Core. These bits indicate the priority

level needed for a new IRQ to interrupt the current interrupt being sent to the Core. This field is only
updated when the core jumps to a new interrupt service routine.

Table continues on the next page...
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INTC_CTRL field descriptions (continued)

Field Description
00 Required nested exception priority levels are 0, 1, 2, or 3.
01 Required nested exception priority levels are 1, 2, or 3.
10 Required nested exception priority levels are 2 or3.

11 Required nested exception priority level is 3.

12-6 Vector number

VAB
This field shows bits [7:1] of the Vector Address Bus used at the time the last IRQ was taken. In the case

of a fast interrupt, it shows the lower address bits of the jump address. This field is only updated when the
core jumps to a new interrupt service routine.

5 Interrupt disable

INT_DIS
This bit allows the user to disable all interrupts.

0 Normal operation. (default)
1 Allinterrupts disabled.

4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.

10.4 Functional Description

The Interrupt Controller is a slave on the IPS bus. It contains registers that allow each of
the interrupt sources to be set to one of four priority levels (excluding certain interrupts
that have fixed priority). All of the interrupt requests of a given level are priority encoded
to determine the lowest numerical value of the active interrupt requests for that level.
Within a given priority level, vector number O is the highest priority, and vector number
n-1 (where n is the total number of interrupt sources) is the lowest priority.

10.4.1 Normal Interrupt Handling

After the INTC determines that an interrupt is to be serviced and which interrupt has the
highest priority, an interrupt vector address is generated. Normal interrupt handling
concatenates the vector base address (VBA) and the vector number to determine the
vector address. In this way, an offset into the vector table is generated for each interrupt.
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10.4.2 Interrupt Nesting

Interrupt exceptions may be nested to allow the servicing of an IRQ with higher priority
than the current exception. The DSC core controls the masking of interrupt priority levels
by setting the I0 and I1 bits in its status register (SR).

Table 10-2. Interrupt Mask Bit Settings in Core Status Register

11 (SR[9]) 10 (SR[8]) Exceptions Permitted Exceptions Masked
0 0 Priorities 0, 1, 2, 3 None
0 1 Priorities 1, 2, 3 Priority O
1 0 Priorities 2, 3 Priorities 0, 1
1 1 Priority 3 Priorities 0, 1, 2

The IPIC field of the INTC module's CTRL register reflects the state of the priority level
that is presented to the DSC core.

Table 10-3. Interrupt Priority Level Field Settings

IPIC Current Interrupt Priority Level Required Nested Exception Priority
00 No interrupt or SWILP Priorities 0, 1, 2, 3

01 Priority 0 Priorities 1, 2, 3

10 Priority 1 Priorities 2, 3

11 Priorities 2 or 3 Priority 3

10.4.3 Fast Interrupt Handling

Fast interrupt processing is described in section 9.3.2.2 of the DSP56800E DSC Core
Reference Manual. The Interrupt Controller recognizes fast interrupts before the core
does.

A fast interrupt is defined (to the INTC) by:

1. Setting the priority of the interrupt as level 2, using the appropriate field in the IPR
registers.

2. Setting the FIMn register to the appropriate vector number.

3. Setting the FIVALn and FIVAHn registers with the address of the code for the fast
interrupt.
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When an interrupt occurs, its vector number is compared with the FIMO and FIM1
register values. If a match occurs, and if the interrupt priority is level 2, the INTC handles
the interrupt as a fast interrupt. The INTC takes the vector address from the appropriate
FIVALn and FIV AHn registers, instead of generating an address that is an offset from the
vector base address (VBA).

The core then fetches the instruction from the indicated vector address. If the instruction
1s not a JSR, the core starts its fast interrupt handling.

10.5 Interrupts

This module does not produce interrupts.
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Chapter 11
Enhanced Direct Memory Access (eDMA)

11.1 Overview

The enhanced direct memory access (eDMA) controller is a second-generation module
capable of performing complex data transfers with minimal intervention from a host
processor. The hardware microarchitecture includes:

* A DMA engine that performs:
* Source address and destination address calculations
* Data-movement operations
* Local memory containing transfer control descriptors for each of the 4 channels

11.1.1 Block diagram

The following figure illustrates the components of the eDMA system, including the
eDMA module ("engine").
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To/From crossbar switch

Internal peripheral bus

11.1.2 Block parts

The eDMA module comprises two major modules: the eDMA engine and the transfer-
control descriptor local memory.

Figure 11-1. Block diagram

Table 11-1 describes the eDMA engine submodules.

Table 11-1. eDMA engine submodules

eDMA system r— == a
| Write address |
| Write data |
| I vy |
| ! !
| 0 |
| 1 |
| ______ 2 |
| |
[ < |

ransfer Contro

| T fer C | I

| Descriptor (TCD) | [~~~ 77 . |

I 64, |

— | ____ |
e i
| eDMA engine | Read data .
| Program model / |

channel arbitration |
| Read data Y |
I
[ v Address path «—> |
I | T Control |
| Data path |
[ |
O I, DR B
. Write data
Address
y
eDMA  eDMA
peripheral done
request

Submodule

Function

Address path

The address path block:
¢ Provides registered versions of two channel Transfer Control Descriptors (TCDs)—channel
x (normal start) and channel y (preemption start)

* Manages all master bus-address calculations

Table continues on the next page...
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associated with an active channel (after completion of a read/write sequence) if the eDMA engine
asserts a higher priority channel activation.
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Table 11-1. eDMA engine submodules (continued)

Submodule

Function

After eDMA activates a channel, it runs until the minor loop completes, unless preempted by a
higher priority channel. This provides a mechanism (enabled by DCHPRIn[ECP]) in which the
eDMA engine can preempt a large data move operation to minimize the time another channel
stalls.

When the eDMA engine selects a channel to execute, it reads the contents of the channel TCD
from local memory and loads it into one of the following:

¢ The address path channel x registers (normal start)

e The address path channel y registers (preemption start)

After the minor loop execution completes, the address path hardware writes the new values for
the TCDn_{SADDR, DADDR, CITER} back to local memory. If the major iteration count
completes, the eDMA engine performs additional processing, including:

¢ Final address pointer updates

* Reloading the TCDn_CITER field

* A possible fetch of the next TCDn from memory as part of a scatter/gather operation.

Data path

The data path block implements the bus master read/write data path. It includes a data buffer and
the necessary multiplex logic to support any required data alignment. The internal read data bus is
the primary input, and the internal write data bus is the primary output.

The address and data path modules directly support the two-stage pipelined internal bus. The
address path module represents the first stage of the bus pipeline (address phase). The data path
module implements the second stage of the pipeline (data phase).

Programming model/
channel arbitration

This block implements:
* The first section of the eDMA programming model
¢ Channel arbitration logic

The programming model registers connect to the chip's internal peripheral bus. The eDMA
peripheral request inputs and interrupt request outputs also connect to this block (via control
logic).

Control

The control block provides all control functions for the eDMA engine. For data transfers in which
the source size (SSIZE) and destination size (DSIZE) are equal, the eDMA engine performs a
series of source read/destination write operations until it has transferred the number of bytes
specified in the minor loop byte count (NBYTES). For TCDs in which the source and destination
sizes are not equal, the eDMA engine executes multiple accesses of the smaller size data for
each reference of the larger size. For example, if the source size (SSIZE) references 16-bit data
and the destination size (DSIZE) is 32-bit data, eDMA performs two reads, then one 32-bit write.

Table 11-2 explains the partitioning of the TCD local memory.

Table 11-2. Transfer control descriptor memory

Submodule

Description

Memory controller

The Memory controller logic implements the required dual-ported controller, managing accesses
from the eDMA engine as well as references from the internal peripheral bus. If simultaneous
accesses occur, the eDMA engine receives priority and the peripheral transaction stalls.

Memory array

The Memory array provides TCD storage for the transfer profile for each channel.
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11.1.3 Features

The eDMA module is a highly programmable data-transfer engine optimized to minimize
any required intervention from the host processor. Use it for applications where you
statically know the size of the data to be transferred and do not define the size within the
transferred data itself. The eDMA module features:

* All data movement via dual-address transfers: read from source, write to destination
* Programmable source and destination addresses and transfer size
» Support for enhanced addressing modes

* 4-channel implementation performs complex data transfers with minimal
intervention from a host processor

* Connections to the crossbar switch (AXBS) for bus mastering the data
movement

» TCD supports two-deep, nested transfer operations
» 32-byte TCD stored in local memory for each channel
* An inner data transfer loop defined by a minor byte transfer count
* An outer data transfer loop defined by a major iteration count
* Channel activation via one of three methods:
» Explicit software initiation
* Initiation via a channel-to-channel linking mechanism for continuous transfers
* Peripheral-paced hardware requests, one per channel
* Fixed-priority and round-robin channel arbitration
* Channel completion notification via programmable interrupt requests

* One interrupt per channel. eDMA engine can generate an interrupt when major
iteration count completes

* Programmable error terminations per channel and logically summed together to
form one error interrupt to the interrupt controller

* Programmable support for scatter/gather DMA processing
» Support for complex data structures

NOTE
In the discussion of this module, # is the channel number.
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11.2 Functional description

The operation of the eDMA is described in the following subsections.

11.2.1 Modes of operation

eDMA operates in the following modes:

Table 11-3. Modes of operation

Mode

Description

Normal

In Normal mode, eDMA transfers data from a source to a destination. The source and destination
can be a memory block or an 1/O block capable of operation with eDMA.

A service request initiates a transfer of a specific number of bytes (NBYTES) as specified in the
TCD.
e The minor loop is the sequence of read and write operations that transfers the NBYTES of
data for a service request.
* Each service request executes one iteration of the major loop, transferring NBYTES of data.

Debug

DMA operation is configurable in Debug mode via Control (CR)
* If CR[EDBG] = 0, eDMA continues to operate normally when the chip is in debug mode.
¢ If CR[EDBG] = 1, eDMA stops transferring data when the chip enters debug mode. If a
channel is active when eDMA enters Debug mode, eDMA continues operation until the
channel retires.

Wait

Before entering Wait mode, eDMA attempts to complete any transfer that is in progress. After the
transfer completes, the chip enters Wait mode.

11.2.2 eDMA basic data flow

The basic flow of a data transfer can be partitioned into three segments.

As shown in the following diagram, the first segment involves the channel activation:
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Figure 11-2. eDMA operation, part 1

This example uses the assertion of the eDMA peripheral request signal to request service
for channel n. Channel activation via software and the TCDn_CSR[START] bit follows
the same basic flow as peripheral requests. The eDMA request input signal is registered
internally and then routed through the eDMA engine: first through the control module,
then into the program model and channel arbitration. In the next cycle, the channel
arbitration executes, using either the fixed-priority or round-robin algorithm. After
arbitration is complete, the activated channel number is sent through the address path and
converted into the required address to access the local memory for TCDn. Next, the TCD
memory is accessed and the required descriptor read from the local memory and loaded
into the eDMA engine's internal register file. The TCD memory is 64 bits wide to
minimize the time needed to fetch the activated channel descriptor and load it into the
internal register file.

The following diagram illustrates the second part of the basic data flow:
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Figure 11-3. eDMA operation, part 2

The modules associated with the data transfer (address path, data path, and control)
execute sequentially through the required source reads and destination writes to perform
the data movement. The source reads are initiated and the fetched data is temporarily
stored in the data path block until it is gated onto the internal bus during the destination
write. This source read/destination write processing continues until the minor byte count
has transferred.

After the minor byte count has moved, the final phase of the basic data flow is performed.
In this segment, the address path logic performs the required updates to certain fields in
the appropriate TCD, for example, SADDR, DADDR, CITER. If the major iteration
count is exhausted, additional operations are performed. These include the final address
adjustments and reloading of the BITER field into the CITER. Assertion of an optional
interrupt request also occurs at this time, as does a possible fetch of a new TCD from
memory using the scatter/gather address pointer included in the descriptor (if scatter/
gather is enabled). The updates to the TCD memory and the assertion of an interrupt
request are shown in the following diagram.
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Figure 11-4. eDMA operation, part 3

11.2.3 Fault reporting and handling

Channel errors are reported in the Error Status register (DMAXx_ES) and can be caused

by:

* A configuration error, which is an illegal setting in the transfer-control descriptor or
an illegal priority register setting in Fixed-Arbitration mode, or
* An error termination to a bus master read or write cycle

A configuration error is reported when the starting source or destination address, source
or destination offsets, minor loop byte count, or the transfer size represent an inconsistent
state. Each of these possible causes is detailed below:

* The addresses and offsets must be aligned on 0-modulo transfer size boundaries.
* The minor loop byte count must be a multiple of the source and destination transfer

sizes.
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 All source reads and destination writes must be configured to the natural boundary of
the programmed transfer size respectively.

* In fixed arbitration mode, a configuration error is caused by any two channel
priorities being equal. All channel priority levels must be unique when fixed
arbitration mode is enabled.

NOTE

When two channels have the same priority, a channel
priority error exists and is reported in the Error Status
register. However, the channel number is not reported in
the Error Status register. When all of the channel priorities
within a group are not unique, the channel number selected
by arbitration is undetermined.

To aid in Channel Priority Error (CPE) debug, set the Halt
On Error bit in the DMA’s Control register. If all channel
priorities within a group are not unique, the DMA is halted
after the CPE error is recorded. The DMA remains halted
and does not process any channel service requests. After all
of the channel priorities are set to unique numbers, the
DMA may be enabled again by clearing the HALT bit.

* If a scatter/gather operation is enabled upon channel completion, a configuration
error is reported if the scatter/gather address (DLAST_SGA) is not aligned on a 32-
byte boundary.

e If minor loop channel linking is enabled upon channel completion, a configuration
error is reported when the link is attempted if the TCDn_CITER[ELINK] bit does
not equal the TCDn_BITER[ELINK] bit.

If enabled, all configuration error conditions, except the scatter/gather and minor-loop
link errors, report as the channel activates and asserts an error interrupt request. A scatter/
gather configuration error is reported when the scatter/gather operation begins at major
loop completion, when properly enabled. A minor loop channel link configuration error is
reported when the link operation is serviced at minor loop completion.

If a system bus read or write is terminated with an error, the data transfer is stopped and
the appropriate bus error flag set. In this case, the state of the channel's transfer control
descriptor is updated by the eDMA engine with the current source address, destination
address, and current iteration count at the point of the fault. When a system bus error
occurs, the channel terminates after the next transfer. Due to pipeline effect, the next
transfer is already in progress when the bus error is received by the eDMA. If a bus error
occurs on the last read prior to beginning the write sequence, the write executes using the
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data captured during the bus error. If a bus error occurs on the last write prior to
switching to the next read sequence, the read sequence executes before the channel
terminates due to the destination bus error.

A transfer may be canceled by software with the CR[CX] bit. When a cancel transfer
request is recognized, the DMA engine stops processing the channel. The current read-
write sequence is allowed to finish. If the cancel occurs on the last read-write sequence of
a major or minor loop, the cancel request is discarded and the channel retires normally.

The error cancel transfer is the same as a cancel transfer except the Error Status register
(DMAx_ES) is updated with the canceled channel number and ECX is set. The TCD of a
canceled channel contains the source and destination addresses of the last transfer saved
in the TCD. If the channel needs to be restarted, you must re-initialize the TCD because
the aforementioned fields no longer represent the original parameters. When a transfer is
canceled by the error cancel transfer mechanism, the channel number is loaded into
DMA_ES[ERRCHN] and ECX and VLD are set. In addition, an error interrupt may be
generated if enabled.

NOTE
The cancel transfer request enables you to stop a large data
transfer when the full data transfer is no longer needed. The
cancel transfer bit does not abort the channel. It simply stops
the transferring of data and then retires the channel through its
normal shutdown sequence. The application software must
manage the context of the cancel. If an interrupt is desired (or
not), then the interrupt should be enabled (or disabled) before
the cancel request. The application software must clean up the
transfer control descriptor because the full transfer did not
occur.

The occurrence of any error causes the eDMA engine to stop normal processing of the
active channel immediately (it goes to its error processing states and the transaction to the
system bus still has pipeline effect), and the appropriate channel bit in the eDMA error
register is asserted. At the same time, the details of the error condition are loaded into the
Error Status register (DMAXx_ES). The major loop complete indicators, setting the
transfer control descriptor DONE flag and the possible assertion of an interrupt request,
are not affected when an error is detected. After the error status has been updated, the
eDMA engine continues operating by servicing the next appropriate channel. A channel
that experiences an error condition is not automatically disabled. If a channel is
terminated by an error and then issues another service request before the error is fixed,
that channel executes and terminates with the same error condition.
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11.2.4 Channel preemption

Channel preemption is enabled on a per-channel basis by setting DCHPRIn[ECP].
Channel preemption enables the executing channel’s data transfers to temporarily be
suspended in favor of starting a higher priority channel. After the preempting channel has
completed its minor loop data transfers, the preempted channel is restored and resumes
execution. After the restored channel completes one read/write sequence, it is again
eligible for preemption. If any higher priority channel is requesting service, the restored
channel is suspended and the higher priority channel is serviced. Nested preemption, that
is, attempting to preempt a preempting channel, is not supported. After a preempting
channel begins execution, it cannot be preempted. Preemption is available only when
fixed arbitration is selected.

A channel’s ability to preempt another channel can be disabled by setting
DCHPRIn[DPA]. When a channel’s preemption ability is disabled, that channel cannot
suspend a lower priority channel’s data transfer, regardless of the lower priority channel’s
ECP setting. This enables a pool of low priority, large data-moving channels to be
defined. These low priority channels can be configured to not preempt each other, thus
preventing a low priority channel from consuming the preempt slot normally available to
a true, high priority channel.

11.3 Initialization/application information

The following sections discuss initialization of the eDMA and programming
considerations.

11.3.1 eDMA initialization
To initialize the eDMA:

1. Write to the CR if a configuration other than the default is desired.
2. Write the channel priority levels to the DCHPRIn registers if a configuration other
than the default is desired.
Enable error interrupts in the EEI register if desired.
Write the 32-byte TCD for each channel that may request service.
Enable any hardware service requests via the ERQ register.
Request channel service via either:
» Software: setting TCDn_CSR[START]
» Hardware: slave device asserting its eDMA peripheral request signal

A
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After any channel requests service, a channel is selected for execution based on the
arbitration and priority levels in the programming model. The eDMA engine reads the
entire TCD, including the TCD control and status fields, as shown in Table 11-4, for the
selected channel into its internal address path module.

As the TCD is read, the first transfer is initiated on the system bus, unless a configuration
error is detected. Transfers from the source, as defined by TCDn_SADDR, to the
destination, as defined by TCDn_DADDR, continue until the number of bytes specified
by TCDn_NBYTES have been transferred.

When the transfer is complete, the eDMA engine's local TCDn_SADDR,
TCDn_DADDR, and TCDn_CITER are written back to the main TCD memory and any
minor loop channel linking is performed, if enabled. If the major loop is exhausted,
further post-processing executes, such as interrupts, major loop channel linking, and
scatter/gather operations, if enabled.

Table 11-4. TCD control and status fields

TCDn_CSR field i
Description
name
START Control bit to start channel explicitly when using a software-initiated DMA service (automatically
cleared by hardware)
ACTIVE Status bit indicating the channel is currently in execution
DONE Status bit indicating major loop completion (cleared by software when using a software-initiated
DMA service)
DREQ Control bit to disable DMA request at end of major loop completion when using a hardware-initiated
DMA service
BWC Control bits for throttling bandwidth control of a channel
ESG Control bit to enable scatter/gather feature
INTHALF Control bit to enable interrupt when major loop is half complete
INTMAJOR Control bit to enable interrupt when major loop completes

The following figure shows how each DMA request initiates one minor-loop transfer, or
iteration, without CPU intervention. DMA arbitration can occur after each minor loop,
and one level of minor loop DMA preemption is allowed. The number of minor loops in
a major loop is specified by the beginning iteration count (BITER).
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Current major
loop iteration

Source or destination memory count (CITER)
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Figure 11-5. Example of multiple loop iterations

The following figure lists the memory array terms and how the TCD settings interrelate.

____________________________ r_______________________1
xADDR: (Starting address) xSIZE: (size of one : :
data transfer) Minor loop | :

(NBYTESin | |

. minor loop, | Offset (xOFF): number of bytes added to |

* often the same : current address after each transfer :

* value as xSIZE) | (often the same value as xSIZE) I

! l

—: Each DMA source (S) and :

| destination (D) has its own: I

: : ! Address (xADDR) |

. . . | Size (xSIZE) I

. . Minorloop Offset (XOFF) |

. . | Modulo (xMOD) |

* * | Last Address Adjustment (XLAST) I

: where x =S or D :
——————————————————————————— ;l |
: Peripheral queues typically :

. : have size and offset equal |

. Last minor loop | 1o NBYTES |

XLAST: Number of bytes added to ! |
current address after major loop | |
(typically used to loop back) : :

Figure 11-6. Memory array terms
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11.3.2 Programming errors

The eDMA performs various tests on the transfer control descriptor to verify consistency
in the descriptor data. Most programming errors are reported on a per-channel basis with
the exception of channel priority error (ES[CPE]).

For all error types other than channel priority error, the channel number causing the error
is recorded in the Error Status register (DMAx_ES). If the error source is not removed
before the next activation of the problem channel, the error is detected and recorded
again.

If priority levels are not unique, when any channel requests service, a channel priority
error is reported. The highest channel priority with an active request is selected, but the
lowest numbered channel with that priority is selected by arbitration and executed by the
eDMA engine. The hardware service request handshake signals, error interrupts, and
error reporting are associated with the selected channel.

11.3.3 Arbitration mode considerations

This section discusses arbitration considerations for the eDMA.

11.3.3.1 Fixed channel arbitration

In this mode, the channel service request from the highest priority channel is selected to
execute.

11.3.3.2 Round-robin channel arbitration

Channels are serviced starting with the highest channel number and rotating through to
the lowest channel number without regard to the channel priority levels.

11.3.4 DMA transfer examples

This section presents examples of how to perform DMA transfers with the eDMA.
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11.3.4.1 Single request

To perform a simple transfer of n bytes of data with one activation, set the major loop to
one (TCDn_CITER = TCD#n_BITER = 1). The data transfer begins after the channel
service request is acknowledged and the channel is selected to execute. After the transfer
1s complete, TCDn_CSR[DONE] is set and an interrupt generates if properly enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The
eDMA is programmed for one iteration of the major loop transferring 16 bytes per
iteration. The source memory has an 8-bit memory port located at 0x1000. The
destination memory has a 32-bit port located at 0x2000. The address offsets are
programmed in increments to match the transfer size: one byte for the source and four
bytes for the destination. The final source and destination addresses are adjusted to return
to their beginning values.

TCDn CITER = TCDn BITER = 1
TCDn_NBYTES = 16

TCDn_SADDR = 0x1000
TCDn_SOFF = 1
TCDn_ATTR[SSIZE] = 0
TCDn_SLAST = -16

TCDn_DADDR = 0x2000
TCDn_DOFF = 4

TCDn_ATTR[DSIZE] = 2

TCDn DLAST SGA= -16

TCDn_CSR[INTMAJOR] = 1

TCDn_CSR[START] = 1 (Should be written last after all other fields have been initialized)

All other TCDn fields = 0

This generates the following event sequence:

User write to the TCDn_CSR[START] bit requests channel service.
The channel is selected by arbitration for servicing.
. eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =0,
TCDn_CSR[ACTIVE] = 1.
eDMA engine reads: channel TCD data from local memory to internal register file.
The source-to-destination transfers are executed as follows:
a. Read byte from location 0x1000, read byte from location 0x1001, read byte from
0x1002, read byte from 0x1003.
b. Write 32 bits to location 0x2000 — first iteration of the minor loop.
c. Read byte from location 0x1004, read byte from location 0x1005, read byte from
0x1006, read byte from 0x1007.
d. Write 32 bits to location 0x2004 — second iteration of the minor loop.
e. Read byte from location 0x1008, read byte from location 0x1009, read byte from
0x100A, read byte from 0x100B.
f. Write 32 bits to location 0x2008 — third iteration of the minor loop.
g. Read byte from location 0x100C, read byte from location 0x100D, read byte
from 0x100E, read byte from 0x100F.

» D=

Al
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h. Write 32 bits to location 0x200C — last iteration of the minor loop = major loop
complete.
The eDMA engine writes: TCDn_SADDR = 0x1000, TCDn_DADDR = 0x2000,
TCDn_CITER = 1 (TCDn_BITER).
The eDMA engine writes: TCDn_CSR[ACTIVE] =0, TCDn_CSR[DONE] =1,
INT[n] = 1.
The channel retires and the eDMA goes idle or services the next channel.

11.3.4.2 Multiple requests

The following example transfers 32 bytes via two hardware requests, but is otherwise the
same as the previous example. The only fields that change are the major loop iteration
count and the final address offsets. The eDMA is programmed for two iterations of the
major loop, transferring 16 bytes per iteration. After the channel's hardware requests are
enabled in the ERQ register, the slave device initiates channel service requests.

TCDn_CITER
TCDn_SLAST
TCDn_DLAST _

TCDn BITER = 2
-32
GA = -32

i

This would generate the following sequence of events:

» D=

o

6.

7.

. First hardware, that is, the eDMA peripheral, requests channel service.

The channel is selected by arbitration for servicing.
eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =
TCDn_CSR[ACTIVE] = 1.
eDMA engine reads: channel TCDn data from local memory to internal register file.
The source to destination transfers are executed as follows:
a. Read byte from location 0x1000, read byte from location 0x1001, read byte from
0x1002, read byte from 0x1003.
b. Write 32 bits to location 0x2000 — first iteration of the minor loop.
c. Read byte from location 0x1004, read byte from location 0x1005, read byte from
0x1006, read byte from 0x1007.
d. Write 32 bits to location 0x2004 — second iteration of the minor loop.
e. Read byte from location 0x1008, read byte from location 0x1009, read byte from
0x100A, read byte from 0x100B.
f. Write 32 bits to location 0x2008 — third iteration of the minor loop.
g. Read byte from location 0x100C, read byte from location 0x100D, read byte
from Ox100E, read byte from 0x100F.
h. Write 32 bits to location 0x200C — last iteration of the minor loop.
eDMA engine writes: TCDn_SADDR = 0x1010, TCDn_DADDR = 0x2010,
TCDn_CITER = 1.
eDMA engine writes: TCDn_CSR[ACTIVE] =
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8. The channel retires — one iteration of the major loop. The eDMA goes idle or
services the next channel.
9. Second hardware, that is, eDMA peripheral, requests channel service.
10. The channel is selected by arbitration for servicing.
11. eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =0,
TCDn_CSR[ACTIVE] = 1.
12. eDMA engine reads channel TCD data from local memory to internal register file.
13. The source to destination transfers are executed as follows:
a. Read byte from location 0x1010, read byte from location 0x1011, read byte from
0x1012, read byte from 0x1013.
b. Write 32 bits to location 0x2010 — first iteration of the minor loop.
c. Read byte from location 0x1014, read byte from location 0x1015, read byte from
0x1016, read byte from 0x1017.
d. Write 32 bits to location 0x2014 — second iteration of the minor loop.
e. Read byte from location 0x1018, read byte from location 0x1019, read byte from
0x101A, read byte from 0x101B.
f. Write 32 bits to location 0x2018 — third iteration of the minor loop.
g. Read byte from location 0x101C, read byte from location 0x101D, read byte
from 0x101E, read byte from Ox101F.
h. Write 32 bits to location 0x201C — last iteration of the minor loop = major loop
complete.
14. eDMA engine writes: TCDn_SADDR = 0x1000, TCDn_DADDR = 0x2000,
TCDn_CITER =2 (TCDn_BITER).
15. eDMA engine writes: TCDn_CSR[ACTIVE] = 0, TCDn_CSR[DONE] =1,
INT[n] = 1.
16. The channel retires = major loop complete. The eDMA goes idle or services the next
channel.

11.3.4.3 Using the modulo feature

The modulo feature of the eDMA provides the ability to implement a circular data queue
in which the size of the queue is a power of 2. MOD is a 5-bit field for the source and
destination in the TCD, and it specifies which lower address bits increment from their
original value after the address+offset calculation. All upper address bits remain the same
as in the original value. A setting of zero for this field disables the modulo feature.

The following table shows how the transfer addresses are specified based on the setting
of the MOD field. Here a circular buffer is created where the address wraps to the
original value while the 28 upper address bits (0x1234567x) retain their original value. In
this example the source address is set to 0x12345670, the offset is set to 4 bytes, and the
MOD field is set to 4, allowing for a 2% byte (16-byte) size queue.
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Table 11-5. Modulo example

Transfer number Address

1 0x12345670
0x12345674
0x12345678
0x1234567C
0x12345670
0x12345674

(o) &2 1 e - o B\ V)

11.3.5 Monitoring transfer descriptor status

This section discusses how to monitor eDMA status.

11.3.5.1 Testing for minor loop completion

There are two methods to test for minor loop completion when using software-initiated
service requests. The first is to read the TCDn_CITER field and test for a change.
Another method may be extracted from the sequence shown below. The second method is
to test TCDn_CSR[START] and TCDn_CSR[ACTIVE]. The minor-loop-complete
condition is indicated by both bits reading zero after TCDn_CSR[START] was set.
Polling the TCDn_CSR[ACTIVE] bit may be inconclusive, because the active status may
be missed if the channel execution is short in duration.

The TCD status bits execute the following sequence for a software activated channel:

TCDn_CSR bits

Stage State
START ACTIVE DONE
1 1 0 0 Channel service request via software
2 0 1 0 Channel is executing
3a 0 0 0 Channel has completed the minor loop and is idle
3b 0 0 1 Channel has completed the major loop and is idle

The best method to test for minor-loop completion when using service requests initiated
by hardware, that is, peripherals, is to read the TCDn_CITER field and test for a change.
The hardware request and acknowledge handshake signals are not visible in the
programmer's model.

The TCD status bits execute the following sequence for a hardware-activated channel:
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TCDn_CSR bits

Stage State
START ACTIVE DONE
Channel service request via hardware (peripheral
1 0 0 0
request asserted)
2 0 1 0 Channel is executing
3a 0 0 0 Channel has completed the minor loop and is idle
3b 0 0 1 Channel has completed the major loop and is idle

For both activation types, the major-loop-complete status is explicitly indicated via the
TCDn_CSR[DONE] bit.

The TCDn_CSR[START] bit is cleared automatically when the channel begins execution
regardless of how the channel activates.

11.3.5.2 Reading the transfer descriptors of active channels

The eDMA reads back the true TCDn_SADDR, TCDn_DADDR, and TCDn_NBYTES
values if read when a channel executes. The true values of SADDR, DADDR, and
NBYTES are the values the eDMA engine currently uses in its internal register file and
not the values in the TCD local memory for that channel. The addresses, SADDR and
DADDR, and NBYTES, which decrement to zero as the transfer progresses, can give an
indication of the progress of the transfer. All other values are read back from the TCD
local memory.

11.3.5.3 Checking channel preemption status

Preemption is available only when fixed arbitration is selected as the channel arbitration
mode. A preemptive situation is one in which a preempt-enabled channel runs and a
higher priority request becomes active. When the eDMA engine is not operating in fixed
channel arbitration mode, determination of the actively running relative priority
outstanding requests become undefined. Channel priorities are treated as equal, that is,
constantly rotating, when Round-Robin Arbitration mode is selected.

The TCDn_CSR[ACTIVE] bit for the preempted channel remains asserted throughout
the preemption. The preempted channel is temporarily suspended while the preempting
channel executes one major loop iteration. If two TCDn_CSR[ACTIVE] bits are set
simultaneously in the global TCD map, a higher priority channel is actively preempting a
lower priority channel.
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11.3.6 Channel linking

Channel linking (or chaining) is a mechanism where one channel sets the
TCDn_CSR[START] bit of another channel (or itself), thus initiating a service request
for that channel. When properly enabled, the EDMA engine automatically performs this
operation at the major or minor loop completion.

The minor loop channel linking occurs at the completion of the minor loop (or one
iteration of the major loop). The TCDn_CITER[ELINK] field determines whether a
minor loop link is requested. When enabled, the channel link is made after each iteration
of the major loop except for the last. When the major loop is exhausted, only the major
loop channel link fields are used to determine if a channel link should be made. For
example, the initial fields of:

TCDn_CITER[ELINK] = 1
TCDn_CITER [LINKCH] = 0xC
TCDn_CITER[CITER] value =
TCDn_CSR[MAJOR_ELINK] = 1
TCDn_CSR[MAJOR _LINKCH] = 0x3

0x4

executes as:

1. Minor loop done — set TCD2_CSR[START] bit.
2. Minor loop done — set TCD2_CSR[START] bit.
3. Minor loop done — set TCD2_CSR[START] bit.
4. Minor loop done, major loop done = set TCD3_CSR[START] bit.

When minor loop linking is enabled (TCDn_CITER[ELINK] = 1), the
TCDn_CITER[CITER] field uses a nine-bit vector to form the current iteration count.
When minor loop linking is disabled (TCDn_CITER[ELINK] = 0), the
TCDn_CITER[CITER] field uses a 15-bit vector to form the current iteration count. The
bits associated with the TCDn_CITER[LINKCH] field are concatenated onto the CITER
value to increase the range of the CITER.

Note
The TCDn_CITER[ELINK] bit and the TCDn_BITER[ELINK]
bit must be equal or a configuration error is reported. The
CITER and BITER vector widths must be equal to calculate the
major loop, half-way done interrupt point.

The following table summarizes how a DMA channel can link to another DMA channel,
that is, use another channel's TCD, at the end of a loop.
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Table 11-6. Channel linking parameters

Deswed_lmk TCD control field name Description
behavior
Enable channel-to-channel linking on minor loop completion (current

Link at end of CITERIELINK] oo g P completion (

minor loop

CITERI[LINKCH] Link channel number when linking at end of minor loop (current iteration)

Link at end of CSR[MAJOR_ELINK] Enable channel-to-channel linking on major loop completion

major loop CSR[MAJOR_LINKCH] |Link channel number when linking at end of major loop

11.3.7 Dynamic programming

This section provides recommended methods to change the programming model during
channel execution.

11.3.7.1 Dynamically changing the channel priority

The following two options are recommended for dynamically changing channel priority
levels:

1. Switch to Round-Robin Channel Arbitration mode, change the channel priorities,
then switch back to Fixed Arbitration mode

2. Disable all the channels, change the channel priorities, then enable the appropriate
channels.

11.3.7.2 Dynamic channel linking

Dynamic channel linking is the process of setting TCDn_CSR[MAJORELINK] during
channel execution (see the diagram in TCD structure). This field is read from the TCD
local memory at the end of channel execution, thus enabling you to enable the feature
during channel execution.

Because you can change the configuration during execution, a coherency model is
needed. Consider the scenario where you attempt to execute a dynamic channel link by
enabling TCDn_CSR[MAJORELINK] at the same time the eDMA engine is retiring the
channel. TCDn_CSR[MAJORELINK] would be set in the programmer’s model, but it
would be unclear whether the actual link was made before the channel retired.

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 297




A
Initialization/application information

The following coherency model is recommended when executing a dynamic channel link
request.

1. Write one to TCDn_CSR[MAJORELINK].
2. Read back TCDn_CSR[MAJORELINK].
3. Test the TCDn_CSR[MAJORELINK] request status:
e If TCDn_CSR[MAJORELINK] = 1, the dynamic link attempt was successful.
e If TCDn_CSR[MAJORELINK] =0, the attempted dynamic link did not succeed
(the channel was already retiring).

For this request, the TCD local memory controller forces TCDn_CSR[MAJORELINK]
to zero on any writes to a channel’s TCD.word7 after that channel’s TCD.done bit is set,
indicating the major loop is complete.

NOTE
You must clear TCDn_CSR[DONE] before writing
TCDn_CSR[MAJORELINK]. The eDMA engine automatically
clears TCDn_CSR[DONE] after a channel begins execution.

11.3.7.3 Dynamic scatter/gather

Scatter/gather is the process of automatically loading a new TCD into a channel. It
enables a DMA channel to use multiple TCDs; this enables a DMA channel to scatter the
DMA data to multiple destinations or gather it from multiple sources. When scatter/
gather is enabled and the channel has finished its major loop, a new TCD is fetched from
system memory and loaded into that channel’s descriptor location in eDMA
programmer’s model, thus replacing the current descriptor.

Because you are able to change the configuration during execution, a coherency model is
needed. Consider the scenario where you attempt to execute a dynamic scatter/gather
operation by enabling the TCDn_CSR[ESG] bit at the same time the eDMA engine is
retiring the channel. The ESG bit would be set in the programmer’s model, but it would
be unclear whether the actual scatter/gather request was honored before the channel
retired.

Two methods for this coherency model are shown in the following subsections. Method 1
has the advantage of reading the MAJORLINKCH field and the ESG bit with a single
read. For both dynamic channel linking and scatter/gather requests, the TCD local
memory controller forces the TCD MAJOR[ELINK] and ESG bits to zero on any writes
to a channel’s TCD word 7 if that channel’s TCD[DONE] bit is set, indicating the major
loop is complete.
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NOTE
The user must clear the TCDn_CSR[DONE] bit before writing
the MAJORELINK or ESG bits. The TCDn_CSR[DONE] bit is
cleared automatically by the eDMA engine after a channel
begins execution.

11.3.7.3.1 Method 1 (channel not using major loop channel linking)

For a channel not using major loop channel linking, the coherency model described here
may be used for a dynamic scatter/gather request.

When TCDn_CSR[MAJORELINK] is zero, TCDn_CSR[MAJORLINKCH] is not used
by the eDMA. In this case, MAJORLINKCH may be used for other purposes. This
method uses the MAJORLINKCH field as a TCD identification (ID).

1. When the descriptors are built, write a unique TCD ID in
TCDn_CSR[MAJORLINKCH] for each TCD associated with a channel using
dynamic scatter/gather.

2. Write one to TCDn_CSR[DREQ)].

Should a dynamic scatter/gather attempt fail, setting the DREQ bit prevents a future
hardware activation of the channel. This stops the channel from executing with a
destination address (DADDR) that was calculated using a scatter/gather address
(written in the next step) instead of a DLAST_SGA final offset value.

Write the TCDn_DLASTSGA register with the scatter/gather address.

Write one to TCDn_CSR[ESG].

Read back the 16-bit TCD control/status field.

Test the ESG request status and MAJORLINKCH value in the TCDn_CSR register:

ANl

If ESG = 1, the dynamic link attempt was successful.

If ESG = 0 and MAJORLINKCH (ID) did not change, the attempted dynamic link
did not succeed (the channel was already retiring).

If ESG = 0 and MAJORLINKCH (ID) changed, the dynamic link attempt was
successful (the new TCD’s ESG value cleared the ESG bit).

11.3.7.3.2 Method 2 (channel using major loop channel linking)

For a channel using major loop channel linking, the coherency model described here may
be used for a dynamic scatter/gather request. This method uses the TCD[DLAST_SGA]
field as a TCD identification (ID).

1. Write one to TCDn_CSR[DREQ)].
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Should a dynamic scatter/gather attempt fail, setting TCDn_CSR[DREQ] prevents a
future hardware activation of the channel. This stops the channel from executing with
a destination address (DADDR) that was calculated using a scatter/gather address
(written in the next step) instead of a DLAST_SGA final offset value.

Write the TCDn_DLAST_SGA register with the scatter/gather address.
Write one to TCDn_CSR[ESG].

Read back TCDn_CSR[ESG].

Test the ESG request status:

Al

If ESG = 1, the dynamic link attempt was successful.
If ESG =0, read the 32-bit TCDn_DLAST_SGA field.

If ESG =0 and TCDn_DLAST_SGA did not change, the attempted dynamic link did
not succeed (the channel was already retiring).

If ESG = 0 and TCDn_DLAST_SGA changed, the dynamic link attempt was
successful (the new TCD’s ESG value cleared the ESG bit).

11.3.8 Suspend/resume a DMA channel with active hardware
service requests

The DMA enables you to move data from memory or peripheral registers to another
location in memory or peripheral registers without CPU interaction. After the DMA and
peripherals have been configured and are active, it is rare to suspend a peripheral's
service request dynamically. In this scenario, there are certain restrictions to disabling a
DMA hardware service request. For coherency, a specific procedure must be followed.
This section provides guidance on how to coherently suspend and resume a Direct
Memory Access (DMA) channel when the DMA is triggered by a slave module such as
the Serial Peripheral Interface (SPI), ADC, or other module.

11.3.8.1 Suspend an active DMA channel
To suspend an active DMA channel:
1. Stop the DMA service request at the peripheral first. Confirm it has been disabled by
reading back the appropriate register in the peripheral.
2. Check the DMA's Hardware Request Status register (DMA_HRSn) to ensure there is
no service request to the DMA channel being suspended. Then disable the hardware
service request by clearing the ERQ bit on appropriate DMA channel.
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11.3.8.2 Resume a DMA channel

To resume a DMA channel:
1. Enable the DMA service request on the appropriate channel by setting the relevant
ERQ bit.
2. Enable the DMA service request at the peripheral.

For example, assume the SPI is set as a master for transmitting data via a DMA service
request when the SPI_TXFIFO has an empty slot. The DMA transfers the next command
and data to the TXFIFO upon the request. You must suspend the DMA/SPI transfer loop
and perform the following steps:

1. Disable the DMA service request at the source by writing zero to
SPI_RSER[TFFF_RE]. Confirm that SPI_RSER[TFFF_RE] is zero.

2. Ensure there is no DMA service request from the SPI by verifying that
DMA_HRS[HRS#] is zero for the appropriate channel. If no service request is
present, disable the DMA channel by clearing the channel's ERQ bit. If a service
request is present, wait until the request has been processed and the HRS bit reads
Zero.

11.4 Memory map/register definition
The eDMA programming model consists of registers that provide:

e Control and status functions
* Channel configuration functions
e TCD definition functions

11.4.1 TCD memory

Each channel requires a 32-byte TCD to define the desired data movement operation. The
channel descriptors are in local memory in sequential order: channel 0, channel 1, ...
channel 3. Each TCDn definition comprises 11 registers of 16 or 32 bits.

11.4.2 TCD initialization

Before activating a channel, you must initialize its TCD with the appropriate transfer
profile.
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11.4.3 TCD structure

0000h

0004h

0008h

000Ch

0010h

0014h

0018h

001Ch

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
SADDR
SMOD SSIZE DMOD DSIZE SOFF
NBYTES

SMLOE
DMLOE

MLOFF or NBYTES

NBYTES

SLAST
DADDR
X
z
-
m CITER or CITER DOFF
T CITER.LINKCH
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o
DLAST_SGA
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é ? 2 wlw 2 w 5 =
o BITER or e o >| o ol <
w 1 z|= i KO] o
« BITER.LINKCH BITER Bwe 3 o SlE|s|e| e S HEE
e Iid 3 ol 2 a E z|»
m = s
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

11.4.4 Reserved memory and fields

» Reading reserved fields in a register returns the value of zero.

* The eDMA ignores writes to reserved bits in a register.
* Reading or writing a reserved memory location generates a bus error.

11.4.5 DMA register descriptions

11.4.5.1

DMADO base address: 1_9000h
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Offset Register Width | Access | Reset value
(In bits)
Oh Control (CR) 32 RwW Table 11-6
4h Error Status (ES) 32 RO 0000_0000h
Ch Enable Request (ERQ) 32 RW 0000_0000h
14h Enable Error Interrupt (EEI) 32 RW 0000_0000h
18h Clear Enable Error Interrupt (CEEI) 8 WORZ 00h
19h Set Enable Error Interrupt (SEEI) 8 WORZ 00h
1Ah Clear Enable Request (CERQ) 8 WORZ 00h
1Bh Set Enable Request (SERQ) 8 WORZ 00h
1Ch Clear DONE Status Bit (CDNE) 8 WORZz 00h
1Dh Set START Bit (SSRT) 8 WORZ 00h
1Eh Clear Error (CERR) 8 WORZ 00h
1Fh Clear Interrupt Request (CINT) 8 WORZ 00h
24h Interrupt Request (INT) 32 W1C 0000_0000h
2Ch Error (ERR) 32 Wi1C 0000_0000h
34h Hardware Request Status (HRS) 32 RO 0000_0000h
44h Enable Asynchronous Request in Stop (EARS) 32 RW 0000_0000h
100h Channel Priority (DCHPRI3) 8 RW 03h
101h Channel Priority (DCHPRI2) 8 RW 02h
102h Channel Priority (DCHPRIT1) 8 RW 01h
103h Channel Priority (DCHPRIO) 8 RW 00h
1000h - 1060h | TCD Source Address (TCDO_SADDR - TCD3_SADDR) 32 RW Table 11-6
1004h - 1064h | TCD Signed Source Address Offset (TCDO_SOFF - TCD3_SOFF) 16 RW Table 11-6
1006h - 1066h | TCD Transfer Attributes (TCDO_ATTR - TCD3_ATTR) 16 RW Table 11-6
1008h - 1068h | TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 RwW Table 11-6
(TCDO_NBYTES_MLNO - TCD3_NBYTES_MLNO)
1008h - 1068h | TCD Signed Minor Loop Offset (Minor Loop Mapping Enabled and 32 RwW Table 11-6
Offset Disabled) (TCDO_NBYTES_MLOFFNO -
TCD3_NBYTES_MLOFFNO)
1008h - 1068h | TCD Signed Minor Loop Offset (Minor Loop Mapping and Offset 32 RW Table 11-6
Enabled) (TCDO_NBYTES_MLOFFYES -
TCD3_NBYTES_MLOFFYES)
100Ch - TCD Last Source Address Adjustment (TCDO_SLAST - 32 RW Table 11-6
106Ch TCD3_SLAST)
1010h - 1070h | TCD Destination Address (TCDO_DADDR - TCD3_DADDR) 32 RW Table 11-6
1014h - 1074h | TCD Signed Destination Address Offset (TCDO_DOFF - 16 RW Table 11-6
TCD3_DOFF)
1016h - 1076h | TCD Current Minor Loop Link, Major Loop Count (Channel Linking 16 RW Table 11-6
Disabled) (TCDO_CITER_ELINKNO - TCD3_CITER_ELINKNO)
1016h - 1076h | TCD Current Minor Loop Link, Major Loop Count (Channel Linking 16 RW Table 11-6
Enabled) (TCDO_CITER_ELINKYES - TCD3_CITER_ELINKYES)
1018h - 1078h | TCD Last Destination Address Adjustment/Scatter Gather Address 32 RW Table 11-6
(TCDO_DLASTSGA - TCD3_DLASTSGA)
Table continues on the next page...
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Offset Register Width | Access | Reset value
(In bits)

101Ch - TCD Control and Status (TCDO_CSR - TCD3_CSR) 16 RW Table 11-6

107Ch

101Eh - TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking 16 RW Table 11-6

107Eh Disabled) (TCDO_BITER_ELINKNO - TCD3_BITER_ELINKNO)

101Eh - TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking 16 RwW Table 11-6

107Eh Enabled) (TCDO_BITER_ELINKYES - TCD3_BITER_ELINKYES)

11.4.5.2 Control (CR)

11.4.5.2.1 Offset

Register Offset
CR Oh

11.4.5.2.2 Function
This register defines the basic operating configuration of the eDMA module.

You can configure arbitration to use either a fixed-priority or a round-robin scheme. For
fixed-priority arbitration, eEDMA selects and executes the highest-priority channel that
requests service. The channel priority registers assign the priorities (see the Channel
Priority (DCHPRIO - DCHPRI3) registers). For round-robin arbitration, the eDMA
engine ignores channel priorities and cycles through channels from high to low channel
number without regard to priority.

NOTE
For correct operation, you must write to this register only when
the eDMA channels are inactive—that is, when
TCDn_CSR[ACTIVE] = 0.

Minor loop offsets are address-offset values to be added to the final source address
(TCDn_SADDR) or destination address (TCDn_DADDR) when the minor loop
completes. When you enable minor loop offsets, eEDMA adds the minor loop offset
(MLOFF) value to the final source address (TCDn_SADDR), to the final destination
address (TCDn_DADDR), or to both, before it writes the addresses back into the TCD. If
the major loop is complete, eDMA ignores the minor loop offset, and uses the major loop
address offsets (TCDn_SLAST and TCDn_DLAST_SGA) to compute the next
TCDn_SADDR and TCDn_DADDR values.
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Enabling minor loop mapping (EMLM = 1) redefines TCDn word2. eDMA uses a
portion of TCDn word?2 for multiple fields:
* A source enable field (SMLOE) to specify the minor loop offset is to be applied to
the source address (TCDn_SADDR) when the minor loop completes
* A destination enable field (DMLOE) to specify the minor loop offset to be applied to
the destination address (TCDn_DADDR) when the minor loop completes
 The sign extended minor loop offset value (MLOFF).

eDMA uses the same offset value (MLOFF) for both source and destination minor loop
offsets. When you enable either minor loop offset (SMLOE = 1 or DMLOE = 1), the
NBYTES field reduces in size to 10 bits. When you disable both minor loop offsets
(SMLOE = 0 and and DMLOE = 0), the NBYTES field is a 30-bit vector.

When you disable minor loop mapping (EMLM = 0), the NBYTES field contains all 32
bits of TCDn word?2.

11.4.5.2.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 19 17 16
SEE
[ © x
o |8 5 |9
< o
W
Reset 0 u u u u u u u 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 3 1 0
R o
= = w 3 < 10} o
2 |12 |2 |¢ |5 |8 |8 |3
W & o T T @ w w w
o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11.4.5.2.4 Fields
Field Function
31 eDMA Active Status
Ob - eDMA is idle
ACTIVE 1b - eDMA is executing a channel
30-24 Reserved
23-18 Reserved

Table continues on the next page...
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Field Function
17 Cancel Transfer
CX When you write 1 to this field, the following actions take place:

* Stop the executing channel
* Force the minor loop to finish.

The cancellation takes effect after the last write of the current read/write sequence. This field is
automatically written with O after the cancellation completes. The cancellation retires the channel normally
as if the minor loop completed.

Ob - Normal operation

1b - Cancel the remaining data transfer

16 Error Cancel Transfer

ECX When you write a 1 to this field, the following actions take place:
» Stop the executing channel
¢ Force the minor loop to finish.

The cancellation takes effect after the last write of the current read/write sequence. This field is
automatically reset to O after the cancellation completes. In addition to cancelling the transfer, eDMA:
* Treats the cancel as an error condition
¢ Updates the Error Status register (DMAx_ES)
* Optionally generates an error interrupt.

Ob - Normal operation
1b - Cancel the remaining data transfer

15-8 Reserved

7 Enable Minor Loop Mapping

EMLM When the value of this field is 0, TCDn.word2 is a 32-bit NBYTES field. When the value of this field is 1,
TCDn.word2 includes:

¢ Individual enable fields

¢ An offset field

* The NBYTES field.

The individual enable fields allow the minor loop offset to be applied to the source address, the
destination address, or both. The NBYTES field reduces in size when either offset is enabled.

Ob - Disabled
1b - Enabled
6 Continuous Link Mode
CLM When the value of this field is 0, a minor loop channel link made to itself goes through channel arbitration

before being activated again. When the value of this field is 1, a minor loop channel link made to itself
does not go through channel arbitration before being activated again. When the minor loop completes,
the channel activates again if that channel has a minor loop channel link enabled and the link channel is
itself. This effectively applies the minor loop offsets and restarts the next minor loop.

NOTE: Do not use continuous link mode with a channel linking to itself if there is only one minor loop
iteration per service request, for example, if the channel's NBYTES value is the same as either
the source or destination size. The same data transfer profile can be achieved by simply
increasing the NBYTES value, which provides more efficient, faster processing.

Ob - Continuous link mode is off
1b - Continuous link mode is on

5 Halt eDMA Operations

HALT When this field is 1 the following actions take place:
¢ eDMA stalls the start of any new channels
» Executing channels are allowed to complete.

Table continues on the next page...
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Field Function

When you write 0 to this field, channel execution resumes.
Ob - Normal operation
1b - eDMA operations halted

4 Halt On Error

HOE When this field is 1, any error causes the eDMA engine to write 1 to the HALT field. Subsequently, the
eDMA engine ignores all service requests until you write 0 to the HALT field.

Ob - Normal operation

1b - Error causes HALT field to be automatically set to 1

3 Reserved
2 Enable Round Robin Channel Arbitration
ERCA When you write 1 to this field, eDMA uses round robin arbitration for channel selection. Otherwise, eDMA

uses fixed priority arbitration for channel selection.
Ob - Fixed priority arbitration
1b - Round robin arbitration

1 Enable Debug

EDBG When this field is 0 and the chip enters Debug mode, eDMA continues operation. When this field is 1,
entry of the chip into Debug mode causes the eDMA to stall the start of a new channel. Executing
channels are allowed to complete. Channel execution resumes when the chip exits Debug mode or you
write O to this field.

Ob - When the chip is in Debug mode, the eDMA continues to operate.

1b - When the chip is in debug mode, the DMA stalls the start of a new channel. Executing

channels are allowed to complete.

0 Enable Buffered Writes
0b - Buffered writes are disabled
EBWR 1b - Buffered writes are enabled

11.4.5.3 Error Status (ES)

11.4.5.3.1 Offset

Register Offset
ES 4h

11.4.5.3.2 Function
The ES register provides information concerning the most-recently recorded channel
error. Channel errors can be caused by:
* A configuration error, that is:
 An illegal setting in the transfer-control descriptor
 An illegal priority register setting in fixed arbitration
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 An error termination to a bus master read or write cycle
* A cancel transfer with error field that is 1 when a transfer is canceled via the
corresponding cancel transfer control field

See Fault reporting and handling for more details.

11.4.5.3.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R VLD 0 ECX
W

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
R 0 | CPE 0 ERRCHN | SAE | SOE | DAE | DOE | NCE | SGE | SBE | DBE
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.5.3.4 Fields

Field Function
31 Logical OR of all ERR status fields
VLD Ob - No ERR fields are 1
1b - At least one ERR field has a value of 1, indicating a valid error exists that has not been cleared
30-17 Reserved
16 Transfer Canceled
ECX Ob - No canceled transfers
1b - The most-recently recorded entry was a canceled transfer initiated by the error cancel transfer
field
15 Reserved
14 Channel Priority Error
CPE Ob - No channel priority error.
1b - The most-recently recorded error was a configuration error in the channel priorities. Channel
priorities are not unique.
13-10 Reserved
9-8 Error Channel Number or Canceled Channel Number
ERRCHN The channel number of the most-recently recorded error, excluding CPE errors or most-recently recorded
error canceled transfer.
7 Source Address Error
SAE 0b - No source address configuration error.

Table continues on the next page...
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Field

Function

1b - The most-recently recorded error was a configuration error detected in the TCDn_SADDR
field. TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

SOE

Source Offset Error
0b - No source offset configuration error.
1b - The most-recently recorded error was a configuration error detected in the TCDn_SOFF field.
TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

DAE

Destination Address Error
Ob - No destination address configuration error.
1b - The most-recently recorded error was a configuration error detected in the TCDn_DADDR
field. TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

DOE

Destination Offset Error
Ob - No destination offset configuration error.
1b - The most-recently recorded error was a configuration error detected in the TCDn_DOFF field.
TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

NCE

NBYTES/CITER Configuration Error
Ob - No NBYTES/CITER configuration error.
1b - The most-recently recorded error was a configuration error detected in the TCDn_NBYTES or
TCDn_CITER fields. TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and
TCDn_ATTR[DSIZE], or TCDn_CITER[CITER] = 0, or TCDn_CITER[ELINK] is not equal to
TCDn_BITER[ELINK].

SGE

Scatter/Gather Configuration Error

When 1, this field indicates the most-recently recorded error was a configuration error detected in the
TCDn_DLASTSGA field. eDMA checks This field at the beginning of a scatter/gather operation after
major loop completion if TCDn_CSR[ESG] is enabled. TCDn_DLASTSGA is not on a 32-byte boundary.
Ob - No scatter/gather configuration error.
1b - The most-recently recorded error was a configuration error detected in the TCDn_DLASTSGA
field.

SBE

Source Bus Error
Ob - No source bus error.
1b - The most-recently recorded error was a bus error on a source read.

DBE

Destination Bus Error
Ob - No destination bus error.
1b - The most-recently recorded error was a bus error on a destination write.

11.4.5.4 Enable Request (ERQ)

11.4.5.4.1

Offset

Register

Offset

ERQ

Ch
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11.4.5.4.2 Function

The ERQ register provides a bit map for the 4 channels to enable the request signal for
each channel. The state of any given channel enable is directly affected by writes to this
register; it is also affected by writes to the SERQ and CERQ registers. These registers are
provided so the request enable for a single channel can easily be modified without
needing to perform a read-modify-write sequence to this register.

DMA request input signals and this enable request field must be set to 1 before a
channel's hardware service request is accepted. The state of the DMA enable request field
does not affect a channel service request made explicitly through software or a linked
channel request.

NOTE

Disable a channel's hardware service request at the source
before writing O to the channel's ERQ field.

11.4.5.4.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R 0

W
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

R o ) o — o
g g (@] g

W o o @ o
L L L L

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

11.4.5.4.4 Fields

Field Function
31-4 Reserved
3 Enable DMA Request 3

Ob - The DMA request signal for channel 3 is disabled

ERQ3 1b - The DMA request signal for channel 3 is enabled
2 Enable DMA Request 2
ERQ2 Ob - The DMA request signal for channel 2 is disabled

1b - The DMA request signal for channel 2 is enabled

1 Enable DMA Request 1
ERQ1 Ob - The DMA request signal for channel 1 is disabled
1b - The DMA request signal for channel 1 is enabled

Table continues on the next page...
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Field Function
0 Enable DMA Request 0
ERQO Ob - The DMA request signal for channel 0 is disabled
1b - The DMA request signal for channel 0 is enabled

11.4.5.5 Enable Error Interrupt (EEI)

11.4.5.5.1 Offset

Register Offset
EEI 14h
11.4.5.5.2 Function

The EEI register provides a bit map for the 4 channels to enable the error interrupt signal

for each channel. The state of any given channel's error interrupt enable is directly
affected by writes to this register; it is also affected by writes to the SEEI and CEEI
registers. These registers are provided so that the error interrupt enable for a single

channel can easily be modified without the need to perform a read-modify-write sequence
to the EEI register.

The DMA error indicator and the error interrupt enable field must be set to 1 before an
error interrupt request for a given channel is sent to the interrupt controller.

11.4.5.5.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0
W

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 2 0
R |o © o — o
W IR R b

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0
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11.4.5.5.4 Fields

Field Function
31-4 Reserved
3 Enable Error Interrupt 3

Ob - An error on channel 3 does not generate an error interrupt

EEI3 1b - An error on channel 3 generates an error interrupt request
2 Enable Error Interrupt 2
Ob - An error on channel 2 does not generate an error interrupt
EEI2 :
1b - An error on channel 2 generates an error interrupt request
1 Enable Error Interrupt 1
Ob - An error on channel 1 does not generate an error interrupt
EEN .
1b - An error on channel 1 generates an error interrupt request
0 Enable Error Interrupt 0
EEIO Ob - An error on channel 0 does not generate an error interrupt

1b - An error on channel 0 generates an error interrupt request

11.4.5.6 Clear Enable Error Interrupt (CEEI)

11.4.5.6.1 Offset

Register Offset
CEEI 18h

11.4.5.6.2 Function

The CEEI provides a simple memory-mapped mechanism to write O to a given field in
the EEI register to disable the error interrupt for a given channel. The data value on a
register write causes the corresponding field in the EEI register to be written to 0. Writing
1 to the CAEE field provides a global clear to 0 function, forcing the EEI contents to be
written to 0, disabling all DMA request inputs.

If the NOP field is written with 1, the command is ignored. This enables you to write 1 to
a single, byte-wide register with a 32-bit write that does not affect the other registers
addressed in the write. In such a case the other three bytes of the word must all have their
NOP field set to 1 so that these registers are not affected by the write.

Reads of this register return all zeroes.
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11.4.5.6.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
Lu —
wools 2 o m
Reset 0 0 0 0 0 0 0 0

11.4.5.6.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation, ignore the other fields in this register
6 Clear All Enable Error Interrupts
CAEE Ob - Write 0 only to the EEI field specified in the CEEI field
1b - Write 0 to all fields in EEI
5-2 Reserved
1-0 Clear Enable Error Interrupt
CEEl Writes 0 to the corresponding field in EEI

11.4.5.7 Set Enable Error Interrupt (SEEI)

11.4.5.7.1 Offset

Register Offset
SEEI 19h

11.4.5.7.2 Function

The SEEI register provides a simple memory-mapped mechanism to write 1 to a given
field in the EEI register to enable the error interrupt for a given channel. The data value
on a register write causes the corresponding field in the EEI to be written to 1. Writing 1
to the SAEE field provides a global set to 1 function, forcing the entire EEI register
contents to be written with 1.
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If the NOP field is 1, the command is ignored. This enables you to write 1 to a single,
byte-wide register with a 32-bit write that does not affect the other registers addressed in
the write. In such a case the other three bytes of the word must all have their NOP field
set to 1 so that these registers are not affected by the write.

Reads of this register return all zeroes.

11.4.5.7.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
o w i
w o % o |
bzt & %)

Reset 0 0 0 0 0 0 0 0

11.4.5.7.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation, ignore the other fields in this register
6 Set All Enable Error Interrupts
SAEE Ob - Write 1 only to the EEI field specified in the SEEI field
1b - Writes 1 to all fields in EEI
5-2 Reserved
1-0 Set Enable Error Interrupt
SEEI Writes 1 to the corresponding field in EEI

11.4.5.8 Clear Enable Request (CERQ)

11.4.5.8.1 Offset

Register Offset
CERQ 1Ah
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11.4.5.8.2 Function

The CERQ provides a simple memory-mapped mechanism to write O to a given field in
the ERQ register to disable the DMA request for a given channel. The data value on a
register write causes the corresponding field in the ERQ register to be written with O.
Setting the CAER field provides a global clear to O function, forcing the entire contents
of the ERQ register to be written with 0, disabling all DMA request inputs.

If the NOP field is 1, the command is ignored. This enables you to write 1 to a single,
byte-wide register with a 32-bit write that does not affect the other registers addressed in
the write. In such a case the other three bytes of the word must all have their NOP field
written with 1 so that these registers are not affected by the write.

Reads of this register return all zeroes.
NOTE

Disable a channel's hardware service request at the source
before writing O to the channel's ERQ field.

11.4.5.8.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
o g
W % L o o
P < L
(@] (@)

Reset 0 0 0 0 0 0 0 0

11.4.5.8.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation, ignore the other fields in this register
6 Clear All Enable Requests
CAER 0b - Write 0 to only the ERQ field specified in the CERQ field
1b - Write 0 to all fields in ERQ
5-2 Reserved
1-0 Clear Enable Request
CERQ Writes 0 to the corresponding field in ERQ.

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 315




Memory map/register definition

11.4.5.9 Set Enable Request (SERQ)

11.4.5.9.1 Offset

Register Offset
SERQ 1Bh

11.4.5.9.2 Function

The SERQ provides a simple memory-mapped mechanism to write 1 to a given field in
the ERQ register to enable the DMA request for a given channel. The data value on a
register write causes the corresponding field in the ERQ register to be set. Writing 1 to
the SAER field provides a global set to 1 function, forcing the entire contents of ERQ
register to be 1.

If the NOP field is 1, the command is ignored. This enables you to write 1 to a single,
byte-wide register with a 32-bit write that does not affect the other registers addressed in
the write. In such a case the other three bytes of the word must all have their NOP field
written with 1 so that these registers are not affected by the write.

Reads of this register returns all zeroes.

11.4.5.9.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
o g
W % L o o
2 < Iy
%) )

Reset 0 0 0 0 0 0 0 0

11.4.5.9.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation, ignore the other fields in this register
6 Set All Enable Requests
SAER Ob - Write 1 to only the ERQ field specified in the SERQ field
1b - Write 1 to all fields in ERQ
5-2 Reserved

Table continues on the next page...
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Field Function
1-0 Set Enable Request
SERQ Writes 1 to the corresponding field in ERQ.

11.4.5.10 Clear DONE Status Bit (CDNE)

11.4.5.10.1 Offset

Register Offset
CDNE 1Ch

11.4.5.10.2 Function

The CDNE provides a simple memory-mapped mechanism to write O to the DONE field
in the TCD of the given channel. The data value on a register write causes the DONE
field in the corresponding TCD to be written with 0. Writing 1 to the CADN field
provides a global clear function, forcing all DONE fields to be written with 0.

If the NOP field is 1, the command is ignored. This enables you to write 1 to a single,
byte-wide register with a 32-bit write that does not affect the other registers addressed in
the write. In such a case the other three bytes of the word must all have their NOP field
written with 1 so that these registers are not affected by the write.

Reads of this register return all zeroes.

11.4.5.10.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
Pz L
w % @) o z
zZ < )
(@] (@)

Reset 0 0 0 0 0 0 0 0
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11.4.5.10.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation

1b - No operation; all other fields in this register are ignored.

6 Clears All DONE fields
Ob - Writes 0 to only the TCDn_CSR[DONE] field specified in the CDNE field

CADN 1b - Writes 0 to all bits in TCDn_CSR[DONE]
5-2 Reserved
1-0 Clear DONE field
CDNE Writes 0 to the corresponding field in TCDn_CSR[DONE]

11.4.5.11 Set START Bit (SSRT)

11.4.5.11.1 Offset

Register Offset
SSRT 1Dh

11.4.5.11.2 Function

The SSRT register provides a simple memory-mapped mechanism to write 1 to the
START field in the TCD of the given channel. The data value on a register write causes
the START field in the corresponding TCD to be written with 1. Writing 1 to the SAST
field provides a global set to 1 function, forcing all START fields to be written with 1.

If the NOP field is 1, the command is ignored. This enables you to write 1 to a single,
byte-wide register with a 32-bit write that does not affect the other registers addressed in
the write. In such a case the other three bytes of the word must all have their NOP field
written with 1 so that these registers are not affected by the write.

Reads of this register return all zeroes.
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11.4.5.11.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
o = [
W o 2 o (c,c-,
zZ (%) %)

Reset 0 0 0 0 0 0 0 0

11.4.5.11.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation; all other fields in this register are ignored.
6 Set All START fields (activates all channels)
SAST Ob - Write 1 to only the TCDn_CSR[START] field specified in the SSRT field
1b - Write 1 to all bits in TCDn_CSR[START]
5-2 Reserved
1-0 Set START field
SSRT Sets the corresponding field in TCDn_CSR[START]

11.4.5.12 Clear Error (CERR)

11.4.5.12.1 Offset

Register Offset
CERR 1Eh

11.4.5.12.2 Function

The CERR provides a simple memory-mapped mechanism to write O to a given field in
the ERR register to disable the error condition field for a given channel. The given value
on a register write causes the corresponding field in the ERR register to be written with 0.
Writing 1 to the CAEI field provides a global clear to 0 function, forcing the ERR
register contents to be written with 0, clearing all channel error indicators. If the NOP
field is 1, the command is ignored. This enables you to write multiple-byte registers as a
32-bit word. Reads of this register return all zeroes.
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11.4.5.12.3 Diagram

Bits 7 6 5 4 3 2 1 0
R o o o
— o
w % E o E
=2 O (@)

Reset 0 0 0 0 0 0 0 0

11.4.5.12.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation; all other fields in this register are ignored.
6 Clear All Error Indicators
CAEI Ob - Write 0 to only the ERR field specified in the CERR field
1b - Write 0 to all fields in ERR
5-2 Reserved
1-0 Clear Error Indicator
CERR Writes 0 to the corresponding field in ERR

11.4.5.13 Clear Interrupt Request (CINT)

11.4.5.13.1 Offset

Register Offset
CINT 1Fh

11.4.5.13.2 Function

The CINT register provides a simple, memory-mapped mechanism to clear a given field
in the INT register to disable the interrupt request for a given channel. The given value on
a register write causes the corresponding field in the INT register to be cleared. Setting
the CAIR field provides a global clear function, forcing the entire contents of the INT to
be cleared, disabling all DMA interrupt requests.
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If the NOP field is 1, the command is ignored. This enables you to set a single, byte-wide
register with a 32-bit write that does not affect the other registers addressed in the write.
In such a case the other three bytes of the word would all have their NOP field set to 1 so
that these registers are not affected by the write.

Reads of this register return all zeroes.

11.4.5.13.3 Diagram

Bits 7 6 5 4 | 3 2 1 0
R o o o
|_
w % % o =z
Z (@) (@]

Reset 0 0 0 0 0 0 0 0

11.4.5.13.4 Fields

Field Function
7 No Op Enable
NOP Ob - Normal operation
1b - No operation; all other fields in this register are ignored.
6 Clear All Interrupt Requests
CAIR Ob - Clear only the INT field specified in the CINT field
1b - Clear all bits in INT
5-2 Reserved
1-0 Clear Interrupt Request
CINT Clears the corresponding field in INT

11.4.5.14 Interrupt Request (INT)

11.4.5.14.1 Offset

Register Offset
INT 24h
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11.4.5.14.2 Function

The INT register provides a bit map for the 4 channels signaling the presence of an
interrupt request for each channel. Depending on the appropriate bit setting in the
transfer-control descriptors, the eDMA engine generates an interrupt on data transfer
completion. The outputs of this register are directly routed to the interrupt controller.
During the interrupt-service routine associated with any given channel, it is the software's
responsibility to write O to the appropriate bit, negating the interrupt request. Typically, a
write to the CINT register in the interrupt service routine is used for this purpose.

The state of any given channel's interrupt request is directly affected by writes to this
register; it is also affected by writes to the CINT register. On writes to INT, a 1 in any bit
position clears the corresponding channel's interrupt request. A 0 in any bit position has
no effect on the corresponding channel's current interrupt status. The CINT register is
provided so the interrupt request for a single channel can easily be cleared without the
need to perform a read-modify-write sequence to the INT register.

11.4.5.14.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

W

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R e & |E |B
° z |z |z |z
W S EENE
: |2 | |t

o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.5.14.4 Fields

Field Function
31-4 Reserved
3 Interrupt Request 3
INT3 Ob - The interrupt request for channel 3 is cleared
1b - The interrupt request for channel 3 is active
2 Interrupt Request 2
INT2 Ob - The interrupt request for channel 2 is cleared
1b - The interrupt request for channel 2 is active
1 Interrupt Request 1

Table continues on the next page...
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Field Function
INTH Ob - The interrupt request for channel 1 is cleared
1b - The interrupt request for channel 1 is active
0 Interrupt Request 0
INTO Ob - The interrupt request for channel 0 is cleared

1b - The interrupt request for channel 0 is active

11.4.5.15 Error (ERR)

11.4.5.15.1 Offset

Register Offset
ERR 2Ch

11.4.5.15.2 Function

The ERR register provides a bit map for the 4 channels, signaling the presence of an error
for each channel. The eDMA engine signals the occurrence of an error condition by
setting the appropriate field in this register. The outputs of this register are enabled by the
contents of the EEI register, and then routed to the interrupt controller. During the
execution of the interrupt service routine associated with any DMA errors, it is software's
responsibility to reset the appropriate bit to 0, negating the error-interrupt request.
Typically, a write to the CERR 1n the interrupt service routine is used for this purpose.
The normal DMA channel completion indicators (setting the TCD DONE field to 1 and
the possible generation of an interrupt request) are not affected when an error is detected.

The contents of this register can also be polled because a non-zero value indicates the
presence of a channel error regardless of the state of the EEI fields. The state of any given
channel's error indicators is affected by writes to this register; it is also affected by writes
to the CERR. On writes to the ERR, a 1 in any bit position clears the corresponding
channel's error status. A 0 in any bit position has no effect on the corresponding channel's
current error status. The CERR 1is provided so the error indicator for a single channel can
easily be reset to 0.
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11.4.5.15.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

W

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
g |8 |z |&

R |o o o o o
i1} L (il L

W o o Je ¢
= 2 = 2

o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.5.15.4 Fields

Field Function
31-4 Reserved
3 Error In Channel 3
ERR3 0b - No error in this channel has occurred
1b - An error in this channel has occurred
2 Error In Channel 2
ERR? 0b - No error in this channel has occurred
1b - An error in this channel has occurred
1 Error In Channel 1
ERR{ 0b - No error in this channel has occurred
1b - An error in this channel has occurred
0 Error In Channel 0
ERRO 0b - No error in this channel has occurred

1b - An error in this channel has occurred

11.4.5.16 Hardware Request Status (HRS)

11.4.5.16.1 Offset

Register Offset
HRS 34h
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11.4.5.16.2 Function

The HRS register provides a bit map for the DMA channels, signaling the presence of a
hardware request for each channel. The hardware request status bits reflect the current
state of the register and qualified (via the ERQ fields) DMA request signals, as seen by
the DMA's arbitration logic. This view into the hardware request signals may be used for
debug purposes.

NOTE
These bits reflect the state of the request as seen by the
arbitration logic. Therefore, this status is affected by the ERQ
bits.

Each HRS field for its respective channel is 1 when a hardware request is present on the
channel. After the request is completed and channel is free, the HRS field is
automatically changed to O by hardware.

11.4.5.16.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R 0

W
Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
B & |a |3
R |o o i o i
T T T T
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.5.16.4 Fields

Field Function
31-4 Reserved
3 Hardware Request Status Channel 3
HRS3 Ob - A hardware service request for channel 3 is not present

1b - A hardware service request for channel 3 is present

2 Hardware Request Status Channel 2
Ob - A hardware service request for channel 2 is not present
HRS2 . .
1b - A hardware service request for channel 2 is present

1 Hardware Request Status Channel 1
Ob - A hardware service request for channel 1 is not present

Table continues on the next page...
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Field Function
HRS1 1b - A hardware service request for channel 1 is present
0 Hardware Request Status Channel 0
Ob - A hardware service request for channel 0 is not present
HRSO . .
1b - A hardware service request for channel 0 is present

11.4.5.17 Enable Asynchronous Request in Stop (EARS)

11.4.5.17.1 Offset

Register Offset
EARS 44h

11.4.5.17.2 Function
The EARS register is used to enable or disable the DMA requests in Enable Request

(ERQ) by AND'ing the bits of these two registers.

11.4.5.17.3 Diagram

Bits 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

W

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

EDREQ_3
EDREQ_2
EDREQ_1
EDREQ_0

o
o
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0 0

11.4.5.17.4 Fields

Field Function
31-4 Reserved
3 Enable asynchronous DMA request in stop mode for channel 3.

Table continues on the next page...
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Field Function
EDREQ_3 Ob - Disable asynchronous DMA request for channel 3
1b - Enable asynchronous DMA request for channel 3
2 Enable asynchronous DMA request in stop mode for channel 2.
EDREQ 2 Ob - Disable asynchronous DMA request for channel 2
- 1b - Enable asynchronous DMA request for channel 2
1 Enable asynchronous DMA request in stop mode for channel 1.
EDREQ 1 0b - Disable asynchronous DMA request for channel 1
- 1b - Enable asynchronous DMA request for channel 1
0 Enable asynchronous DMA request in stop mode for channel 0.
EDREQ 0 Ob - Disable asynchronous DMA request for channel 0
- 1b - Enable asynchronous DMA request for channel 0
11.4.5.18 Channel Priority (DCHPRIO - DCHPRI3)
11.4.5.18.1 Offset
Register Offset
DCHPRI3 100h
DCHPRI2 101h
DCHPRI1 102h
DCHPRIO 103h

11.4.5.18.2 Function

When fixed-priority channel arbitration is enabled (CR[ERCA] = 0), the contents of these
registers define the unique priorities associated with each channel. The channel priorities
are evaluated by numeric value; for example, O is the lowest priority, 1 is the next higher

priority, then 2, 3, and so on. Software must program the channel priorities with unique
values; otherwise, a configuration error is reported. The range of the priority value is
limited to the values of O through 3.

11.4.5.18.3 Diagram

Bits 7 6 4 3
R 0
ECP DPA CHPRI
w
Reset See #d699e5078a1310.
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11.4.5.18.4 Register reset values

Register Reset value
DCHPRIO 00h
DCHPRI1 01h
DCHPRI2 02h
DCHPRI3 03h

11.4.5.18.5 Fields

Field Function
7 Enable Channel Preemption. This field resets to 0.
ECP Ob - Channel n cannot be suspended by a higher priority channel's service request
1b - Channel n can be temporarily suspended by the service request of a higher priority channel
6 Disable Preempt Ability. This field resets to 0.

Ob - Channel n can suspend a lower priority channel

DPA 1b - Channel n cannot suspend any channel, regardless of channel priority
5-2 Reserved
1-0 Channel n Arbitration Priority

CHPRI Channel priority when fixed-priority arbitration is enabled.

11.4.5.19 TCD Source Address (TCDO_SADDR - TCD3_SADDR)

11.4.5.19.1 Offset

Register Offset
TCDO_SADDR 1000h
TCD1_SADDR 1020h
TCD2_SADDR 1040h
TCD3_SADDR 1060h

11.4.5.19.2 Function

This register contains the source address of the transfer.
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11.4.5.19.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
SADDR
W
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
SADDR
W
Reset u u u u u u u u u u u u u u u u

11.4.5.19.4 Fields

Field Function
31-0 Source Address

SADDR Memory address pointing to the source data.

11.4.5.20 TCD Signed Source Address Offset (TCDO_SOFF -
TCD3_SOFF)

11.4.5.20.1 Offset

Register Offset
TCDO_SOFF 1004h
TCD1_SOFF 1024h
TCD2_SOFF 1044h
TCD3_SOFF 1064h

11.4.5.20.2 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
SOFF
W
Reset u u u u u u u u u u u u u u u u
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11.4.5.20.3 Fields

Field Function
15-0 Source address signed offset
SOFF Sign-extended offset applied to the current source address to form the next-state value as each source
read is completed.

11.4.5.21 TCD Transfer Attributes (TCDO_ATTR - TCD3_ATTR)

11.4.5.21.1 Offset

Register Offset
TCDO_ATTR 1006h
TCD1_ATTR 1026h
TCD2_ATTR 1046h
TCD3_ATTR 1066h

11.4.5.21.2 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W SMOD SSIZE DMOD DSIZE
Reset u u u u u u u u u u u u u u u u

11.4.5.21.3 Fields

Field Function
15-11 Source Address Modulo
SMOD Any non-zero value in this field defines a specific address range specified to be the value after SADDR +

SOFF calculation is performed on the original register value. Setting this field provides the ability to
implement a circular data queue easily. For data queues requiring power-of-2 size bytes, the queue
should start at a 0-modulo-size address and the SMOD field should be set to the appropriate value for the
queue, freezing the desired number of upper address bits. The value programmed into this field specifies
the number of lower address bits allowed to change. For a circular queue application, the SOFF is
typically set to the transfer size to implement post-increment addressing with the SMOD function
constraining the addresses to a 0-modulo-size range.

0_0000b - Source address modulo feature is disabled

0_0001b-1_1111b - Value defines address range used to set up circular data queue

10-8 Source data transfer size

Table continues on the next page...
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Field Function
SSIZE NOTE: 1. Using a reserved value causes a configuration error.
2. The eDMA defaults to privileged data access for all transactions.
000b - 8-bit
001b - 16-bit
010b - 32-bit

011b - Reserved
100b - 16-byte

101b - Reserved
110b - Reserved
111b - Reserved

7-3 Destination Address Modulo
DMOD See the SMOD definition.
2-0 Destination data transfer size

DSIZE See the SSIZE definition.

11.4.5.22 TCD Minor Byte Count (Minor Loop Mapping Disabled)
(TCDO_NBYTES_MLNO - TCD3_NBYTES_MLNO)

11.4.5.22.1 Offset

Register Offset
TCDO_NBYTES_MLNO |1008h
TCD1_NBYTES_MLNO |1028h
TCD2_NBYTES_MLNO [1048h
TCD3_NBYTES_MLNO |1068h

11.4.5.22.2 Function

This register, or one of the next two registers (TCD_NBYTES_MLOFFNO,
TCD_NBYTES_MLOFFYES), that defines the number of bytes to transfer per request.
Which register to use depends on whether minor loop mapping is disabled, is enabled but
not used for this channel, or is enabled and used.

TCD word 2 is defined as follows if minor loop mapping is disabled (CR[EMLM] = 0).

If minor loop mapping is enabled, see the TCD_NBYTES_MLOFFNO and
TCD_NBYTES_MLOFFYES register descriptions for the definition of TCD word 2.
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11.4.5.22.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
NBYTES
W
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
NBYTES
W
Reset u u u u u u u u u u u u u u u u

11.4.5.22.4 Fields

Field Function
31-0 Minor Byte Transfer Count
NBYTES Number of bytes to be transferred in each service request of the channel. As a channel activates, the

appropriate TCD contents load into the eDMA engine, and the appropriate reads and writes are
performed until the minor byte transfer count has transferred. This is an indivisible operation and cannot
be halted. It can, however, be stalled by using the bandwidth control field, or via preemption.

After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD
memory, and the major iteration count is decremented and restored to the TCD memory. If the major
iteration count is completed, additional processing is performed.

NOTE: An NBYTES value of 0x0000_0000 is interpreted as a 4 GB transfer.

11.4.5.23 TCD Signed Minor Loop Offset (Minor Loop Mapping
Enabled and Offset Disabled) (TCDO_NBYTES_MLOFFNO -
TCD3_NBYTES_MLOFFNO)

11.4.5.23.1 Offset

Register Offset

TCDO_NBYTES_MLOFF |1008h
NO

TCD1_NBYTES_MLOFF |1028h
NO

TCD2_NBYTES_MLOFF |1048h
NO

TCD3_NBYTES_MLOFF |1068h
NO
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11.4.5.23.2 Function

One of three registers (this register, TCD_NBYTES_MLNO, or
TCD_NBYTES_MLOFFYES), that defines the number of bytes to transfer per request.
Which register to use depends on whether minor loop mapping is disabled, is enabled but
not used for this channel, or is enabled and used.

TCD word 2 is defined as follows if:

* Minor loop mapping is enabled (CR[EMLM] = 1) and
* SMLOE =0 and DMLOE =0

If minor loop mapping is enabled and SMLOE = 1 or DMLOE = 1, refer to the
TCD_NBYTES_MLOFFYES register description. If minor loop mapping is disabled,
refer to the TCD_NBYTES_MLNO register description.

11.4.5.23.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R w L @
g & |&
w S S &
w (m) =
Reset U u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
NBYTES
W
Reset U u u u u u u u u u u u u u u u

11.4.5.23.4 Fields

Field Function
31 Source Minor Loop Offset Enable
SMLOE Specifies whether the minor loop offset is applied to the source address when the minor loop completes.

Ob - The minor loop offset is not applied to the SADDR
1b - The minor loop offset is applied to the SADDR

30 Destination Minor Loop Offset Enable
DMLOE Specifies whether the minor loop offset is applied to the destination address when the minor loop
completes.

Ob - The minor loop offset is not applied to the DADDR
1b - The minor loop offset is applied to the DADDR

29-0 Minor Byte Transfer Count
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Field Function

NBYTES Number of bytes to be transferred in each service request of the channel.

As a channel activates, the appropriate TCD contents load into the eDMA engine, and the appropriate
reads and writes are performed until the minor byte transfer count has transferred. This is an indivisible
operation and cannot be halted. It can, however, be stalled by using the bandwidth control field, or via
preemption. After the minor count is exhausted, the SADDR and DADDR values are written back into the
TCD memory, and the major iteration count is decremented and restored to the TCD memory. If the
major iteration count is completed, additional processing is performed.

11.4.5.24 TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (TCDO_NBYTES_MLOFFYES -
TCD3_NBYTES_MLOFFYES)

11.4.5.24.1 Offset

Register Offset

TCDO_NBYTES_MLOFF |1008h
YES

TCD1_NBYTES_MLOFF |1028h
YES

TCD2_NBYTES_MLOFF |1048h
YES

TCD3_NBYTES_MLOFF |1068h
YES

11.4.5.24.2 Function

One of three registers (this register, TCD_NBYTES_MLNO, or
TCD_NBYTES_MLOFFNO), that defines the number of bytes to transfer per request.
Which register to use depends on whether minor loop mapping is disabled, is enabled but
not used for this channel, or is enabled and used.

TCD word 2 is defined as follows if:

* Minor loop mapping is enabled (CR[EMLM] = 1) and
* Minor loop offset is enabled (SMLOE or DMLOE = 1)

If minor loop mapping is enabled and SMLOE = 0 and DMLOE = 0, refer to the
TCD_NBYTES_MLOFFENO register description. If minor loop mapping is disabled,
refer to the TCD_NBYTES_MLNO register description.
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11.4.5.24.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R L L L
(@] O LL
— — O
W = s |
%) [a) =
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R
MLOFF NBYTES
W
Reset u u u u u u u u u u u u u u u u

11.4.5.24.4 Fields

Field Function
31 Source Minor Loop Offset Enable
SMLOE Specifies whether the minor loop offset is applied to the source address when the minor loop completes.

Ob - The minor loop offset is not applied to the SADDR
1b - The minor loop offset is applied to the SADDR

30 Destination Minor Loop Offset Enable
DMLOE Specifies whether the minor loop offset is applied to the destination address when the minor loop
completes.

0b - The minor loop offset is not applied to the DADDR
1b - The minor loop offset is applied to the DADDR

29-10 If SMLOE = 1 or DMLOE = 1, this field represents a sign-extended offset applied to the source or
destination address to form the next-state value after the minor loop completes.

MLOFF
9-0 Minor Byte Transfer Count
NBYTES Number of bytes to be transferred in each service request of the channel.

As a channel activates, the appropriate TCD contents load into the eDMA engine, and the appropriate
reads and writes are performed until the minor byte transfer count has transferred. This is an indivisible
operation and cannot be halted. It can, however, be stalled by using the bandwidth control field, or via
preemption.

After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD
memory, and the major iteration count is decremented and restored to the TCD memory. If the major
iteration count is completed, additional processing is performed.

11.4.5.25 TCD Last Source Address Adjustment (TCDO_SLAST -
TCD3_SLAST)
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11.4.5.25.1 Offset

Register Offset
TCDO_SLAST 100Ch
TCD1_SLAST 102Ch
TCD2_SLAST 104Ch
TCD3_SLAST 106Ch

11.4.5.25.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
SLAST
W
Reset u u u u u u u u u u u u u u u u
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
SLAST
W
Reset u u u u u u u u u u u u u u u u

11.4.5.25.3 Fields

Field Function
31-0 Last Source Address Adjustment
SLAST Adjustment value added to the source address at the completion of the major iteration count. This value

can be applied to restore the source address to the initial value, or adjust the address to reference the
next data structure.

This register uses two's complement notation; the overflow bit is discarded.

11.4.5.26 TCD Destination Address (TCD0_DADDR - TCD3_DADDR)

11.4.5.26.1 Offset

Register Offset
TCDO_DADDR 1010h
TCD1_DADDR 1030h
TCD2_DADDR 1050h
TCD3_DADDR 1070h
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11.4.5.26.2 Function

This register contains the destination address of the transfer.

11.4.5.26.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
DADDR
W
Reset U u u u u u u u u u u u u u u u
Bits 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
R
DADDR
W
Reset u u u u u u u u u u u u u u u u

11.4.5.26.4 Fields

Field Function
31-0 Destination Address

DADDR Memory address pointing to the destination data.

11.4.5.27 TCD Signed Destination Address Offset (TCDO_DOFF -
TCD3_DOFF)

11.4.5.27.1 Offset

Register Offset
TCDO_DOFF 1014h
TCD1_DOFF 1034h
TCD2_DOFF 1054h
TCD3_DOFF 1074h
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11.4.5.27.2 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
DOFF
w
Reset u u u u u u u u u u u u u u u u

11.4.5.27.3 Fields

Field Function
15-0 Destination Address Signed Offset
DOFF Sign-extended offset applied to the current destination address to form the next-state value as each
destination write is completed.

11.4.5.28 TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Disabled) (TCDO_CITER_ELINKNO -
TCD3_CITER_ELINKNO)

11.4.5.28.1 Offset

Register Offset
TCDO_CITER_ELINKNO [1016h
TCD1_CITER_ELINKNO |1036h
TCD2_CITER_ELINKNO [1056h
TCD3_CITER_ELINKNO |1076h

11.4.5.28.2 Function

This register contains the minor-loop channel-linking configuration and the channel's
current iteration count. It is the same register as TCD Current Minor Loop Link, Major
Loop Count (Channel Linking Enabled) (TCDO_CITER_ELINKYES -
TCD3_CITER_ELINKYES), but its fields are defined differently based on the state of
the ELINK field. If the ELINK field is O, this register is defined as follows.
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11.4.5.28.3 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R Y E
=z
= E
| -
w L O
Reset u u u u u u u u u u u u u u u u

11.4.5.28.4 Fields

Field Function
15 Enable channel-to-channel linking on minor-loop complete
ELINK As the channel completes the minor loop, this field enables linking to another channel, defined by the

LINKCH field. The link target channel initiates a channel service request via an internal mechanism that
sets TCDn_CSR[START] of the specified channel.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of the MAJORELINK channel
linking.

NOTE: This field must be equal to BITER[ELINK]; otherwise, a configuration error is reported.
Ob - Channel-to-channel linking is disabled
1b - Channel-to-channel linking is enabled

14-0 Current Major lteration Count

CITER This field is the current major loop count for the channel. It is decremented each time the minor loop is
completed and updated in the transfer control descriptor memory. After the major iteration count is
exhausted, the channel performs a number of operations, for example, final source and destination
address calculations. It optionally generates an interrupt to signal channel completion before reloading
the CITER field from the Beginning Iteration Count (BITER) field.

NOTE: 1. When the CITER field is initially loaded by software, it must be set to the same value as
that contained in the BITER field.
2. If the channel is configured to execute a single service request, the initial values of BITER
and CITER should be 0x0001.

11.4.5.29 TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (TCDO_CITER_ELINKYES -
TCD3_CITER_ELINKYES)

11.4.5.29.1 Offset

Register Offset

TCDO_CITER_ELINKYE [1016h
S

Table continues on the next page...

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
NXP Semiconductors 339




Memory map/register definition

Register

Offset

TCD1_CITER_ELINKYE |1036h

S

TCD2_CITER_ELINKYE |1056h

S

TCD3_CITER_ELINKYE |1076h

S

11.4.5.29.2

Function

This register contains the minor-loop channel-linking configuration and the channel's
current iteration count. It is the same register as TCD Current Minor Loop Link, Major
Loop Count (Channel Linking Disabled) (TCDO_CITER_ELINKNO -
TCD3_CITER_ELINKNO), but its fields are defined differently based on the state of the

ELINK field. If the ELINK field is 1, this register is defined as follows.
11.4.5.29.3 Diagram
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 4 I o
= g =
Wig e z G
-
Reset u u u u u u u u u u u u u u u u
11.4.5.29.4 Fields
Field Function
15 Enable channel-to-channel linking on minor-loop complete
ELINK As the channel completes the minor loop, this field enables linking to another channel, defined by the
LINKCH field. The link target channel initiates a channel service request via an internal mechanism that
sets TCDn_CSR[START] of the specified channel.
If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of the MAJORELINK channel
linking.
NOTE: This field must be equal to BITER[ELINK]; otherwise, a configuration error is reported.
Ob - Channel-to-channel linking is disabled
1b - Channel-to-channel linking is enabled
14-11 Reserved
10-9 Minor Loop Link Channel Number
LINKCH

Table continues on the next page...
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Field Function

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA
engine initiates a channel service request to the channel defined by this field, by setting that channel's
TCDn_CSR[START].

8-0 Current Major lteration Count

CITER This field is the current major loop count for the channel. It is decremented each time the minor loop is
completed and updated in the transfer control descriptor memory. After the major iteration count is
exhausted, the channel performs a number of operations, for example, final source and destination
address calculations. It optionally generates an interrupt to signal channel completion before reloading
the CITER field from the Beginning Iteration Count (BITER) field.

NOTE: 1. When the CITER field is initially loaded by software, it must be set to the same value as
that contained in the BITER field.
2. If the channel is configured to execute a single service request, the initial values of BITER
and CITER should be 0x0001.

11.4.5.30 TCD Last Destination Address Adjustment/Scatter Gather
Address (TCDO_DLASTSGA - TCD3_DLASTSGA)

11.4.5.30.1 Offset

Register Offset
TCDO_DLASTSGA 1018h
TCD1_DLASTSGA 1038h
TCD2_DLASTSGA 1058h
TCD3_DLASTSGA 1078h

11.4.5.30.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
DLASTSGA
W
Reset U u u u u u u u u u u u u u u u
Bits 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
R
DLASTSGA
W
Reset U u u u u u u u u u u u u u u u
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11.4.5.30.3 Fields

Field Function

31-0 Destination last address adjustment, or next memory address TCD for channel (scatter/gather)

DLASTSGA |If (TCDn_CSR[ESG] = 0) then:

¢ This is the adjustment value added to the destination address at the completion of the major
iteration count. This value can apply to restore the destination address to the initial value or adjust
the address to reference the next data structure.

¢ This field uses two's complement notation for the final destination address adjustment.

Otherwise:

* This address points to the beginning of a 0-modulo 32-byte region containing the next TCD to be
loaded into this channel. This channel reload is performed as the major iteration count completes.
The scatter/gather address must be 0-modulo 32-byte; otherwise a configuration error is reported.

11.4.5.31 TCD Control and Status (TCDO_CSR - TCD3_CSR)

11.4.5.31.1 Offset

Register Offset
TCDO_CSR 101Ch
TCD1_CSR 103Ch
TCD2_CSR 105Ch
TCD3_CSR 107Ch

11.4.5.31.2 Diagram

Bits 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T s
> ¥
R ~ 5 |2 w6 |k
= R 2z < 13 |9 |8 |2 [2 |%
(@) o
m oc a (@) w a = E (’7)
W o 9: < = pa
s = }
Reset U u u u u u u u u u u u u u u u

11.4.5.31.3 Fields

Field Function
15-14 Bandwidth Control

Table continues on the next page...
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Field

Function

BWC

Throttles the amount of bus bandwidth consumed by the eDMA. Generally, as the eDMA processes the
minor loop, it continuously generates read/write sequences until the minor count is exhausted. This field
forces the eDMA to stall after the completion of each read/write access to control the bus request
bandwidth seen by the crossbar switch.

NOTE: If the source and destination sizes are equal, this field is ignored between the first and second
transfers and after the last write of each minor loop. This behavior is a side effect of reducing
start-up latency.

NOTE: When executing a large, zero wait-stated memory-to-memory transfer, insert bandwidth control
using the TCD_CSR[BW(C] bits to avoid:

» Starvation of another master accessing the memory.
* Any delay in writing a TCD during the transfer.

00b - No eDMA engine stalls

01b - Reserved

10b - eDMA engine stalls for 4 cycles after each R/W

11b - eDMA engine stalls for 8 cycles after each R/W

13-10

Reserved

9-8
MAJORLINKCH

Major Loop Link Channel Number
If (MAJORELINK = 0) then:

* No channel-to-channel linking, or chaining, is performed after the major loop counter is exhausted.

Otherwise:

» After the major loop counter is exhausted, the eDMA engine initiates a channel service request at
the channel defined by this field by setting that channel's START bit.

DONE

Channel Done

This field indicates whether the eDMA has completed the major loop. The eDMA engine sets the value of
this field to 1 when the CITER count reaches zero. The value of this field is reset to 0 by the hardware
(when the channel is activated) or by software.

NOTE: This field must be 0 to write the MAJORELINK or ESG fields.

6
ACTIVE

Channel Active

This field indicates whether the channel is currently in execution. The eDMA sets the value of this field to
1 when channel service begins, and resets it to 0 as the minor loop completes or when any error
condition is detected.

5
MAJORELINK

Enable channel-to-channel linking on major loop complete

As the channel completes the major loop, this field controls linking to another channel, defined by
MAJORLINKCH. The link target channel initiates a channel service request via an internal mechanism
that sets TCDn_CSR[START] of the specified channel.

NOTE: To support the dynamic linking coherency model, this field is forced to zero when written to when
TCDn_CSR[DONE] is set.
Ob - Channel-to-channel linking is disabled
1b - Channel-to-channel linking is enabled

ESG

Enable Scatter/Gather Processing

As the channel completes the major loop, this field controls scatter/gather processing in the current
channel. If enabled, the eDMA engine uses DLASTSGA as a memory pointer to a 0-modulo 32-bit
address containing a 32-byte data structure loaded as the TCD into local memory.

NOTE: To support the dynamic scatter/gather coherency model, this field is forced to zero when written
to when TCDn_CSR[DONE] is set.
Ob - The current channel's TCD is normal format
1b - The current channel's TCD specifies a scatter gather format

Table continues on the next page...
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Field Function
3 Disable Request
DREQ If the value of this field is 1, eDMA hardware automatically writes O to the corresponding ERQ field when

the current major iteration count reaches zero.
Ob - The channel's ERQ field is not affected
1b - The channel's ERQ field value changes to 0 when the major loop is complete

2 Enable an interrupt when major counter is half complete.

INTHALF If the value of this field is 1, the channel generates an interrupt request by setting the appropriate field in
the INT register when the current major iteration count reaches the halfway point. Specifically, the
comparison performed by the eDMA engine is (CITER == (BITER >> 1)). This halfway point interrupt
request is provided to support double-buffered, also known as ping-pong, schemes or other types of data
movement where the processor needs an early indication of the transfer's progress.

NOTE: If BITER = 1, do not use INTHALF. Use INTMAJOR instead.
Ob - Half-point interrupt is disabled
1b - Half-point interrupt is enabled

1 Enable an interrupt when major iteration count completes.

INTMAJOR | If the value of this field is 1, the channel generates an interrupt request by setting the appropriate field in
the INT when the current major iteration count reaches zero.

Ob - End of major loop interrupt is disabled

1b - End of major loop interrupt is enabled

0 Channel Start

START If the value of this field is 1, the channel is requesting service. eDMA hardware automatically writes 0 to
this field after the channel begins execution.

Ob - Channel is not explicitly started

1b - Channel is explicitly started via a software initiated service request

11.4.5.32 TCD Beginning Minor Loop Link, Major Loop Count
(Channel Linking Disabled) (TCD0O_BITER_ELINKNO -
TCD3_BITER_ELINKNO)

11.4.5.32.1 Offset

Register Offset
TCDO_BITER_ELINKNO [101Eh
TCD1_BITER_ELINKNO |103Eh
TCD2_BITER_ELINKNO |105Eh
TCD3_BITER_ELINKNO [107Eh

11.4.5.32.2 Function
If TCDn_BITER[ELINK] is 0, the TCDn_BITER register is defined as follows.
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11.4.5.32.3 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R Y E
=z
= E
| -
W Ll m
Reset u u u u u u u u u u u u u u u u

11.4.5.32.4 Fields

Field Function
15 Enables channel-to-channel linking on minor loop complete
ELINK As the channel completes the minor loop, this field enables linking to another channel, defined by

BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism
that sets TCDn_CSR[START] of the specified channel. If channel linking is disabled, the BITER value
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is
suppressed in favor of the MAJORELINK channel linking.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

Ob - Channel-to-channel linking is disabled
1b - Channel-to-channel linking is enabled

14-0 Starting Major Iteration Count

BITER As the TCD is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field must be equal to
the value in the CITER field. As the major iteration count is exhausted, the contents of this field are
reloaded into the CITER field.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field.
As the major iteration count is exhausted, the contents of this field are reloaded into the CITER
field. If the channel is configured to execute a single service request, the initial values of BITER
and CITER should be 0x0001.

11.4.5.33 TCD Beginning Minor Loop Link, Major Loop Count
(Channel Linking Enabled) (TCDO_BITER_ELINKYES -
TCD3_BITER_ELINKYES)

11.4.5.33.1 Offset

Register Offset
TCDO_BITER_ELINKYE [101Eh
S
TCD1_BITER_ELINKYE |103Eh
S

Table continues on the next page...
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Register Offset
TCD2_BITER_ELINKYE |[105Eh
S
TCDS3_BITER_ELINKYE |[107Eh
S

11.4.5.33.2 Function
If TCDn_BITER[ELINK] is 1, the TCDn_BITER register is defined as follows.

11.4.5.33.3 Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
X T o
= 0 z
Wilg e z @
—
Reset u u u u u u u u u u u u u u u u
11.4.5.33.4 Fields
Field Function
15 Enables channel-to-channel linking on minor loop complete
ELINK As the channel completes the minor loop, this field enables linking to another channel, defined by

BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism
that sets TCDn_CSR[START] of the specified channel. If channel linking disables, the BITER value
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is
suppressed in favor of the MAJORELINK channel linking.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

Ob - Channel-to-channel linking is disabled
1b - Channel-to-channel linking is enabled

14-11 Reserved

10-9 Link Channel Number

LINKCH If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA
engine initiates a channel service request at the channel defined by this field, by setting that channel's
TCDn_CSR[START].

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

8-0 Starting major iteration count
BITER

MC56F81xxxL Reference Manual, Rev. 3, 04/2025
346 NXP Semiconductors




Chapter 11 Enhanced Direct Memory Access (eDMA)

Field Function

As the TCD is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field must be equal to
the value in the CITER field. As the major iteration count is exhausted, the contents of this field are
reloaded into the CITER field.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field.
As the major iteration count is exhausted, the contents of this field are reloaded into the CITER

field. If the channel is configured to execute a single service request, the initial values of BITER
and CITER should be 0x0001.
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DMA Channel Multiplexer (DMAMUX)

12.1 Chip-specific information for this module

12.1.1 eDMA

This device includes a eDMA request mux that allows up to 63 DMA request signals to
be mapped to any of the 4 DMA channels. Because of the mux, there is no hard
correlation between any of the DMA request sources and a specific DMA channel. Some
of the modules support Asynchronous DMA operation, as indicated by the last column in
the following DMA source assignment table.

Table 12-1. DMA Channel Assignment

Source Number Source Module Logic Source Description Async DMA capable
0 - Channel Disabled

NOTE: Configuring a DMA
Channel to seelct
source 0 or any of

the reserved
sources diable that
DMA channel.

- Reserved
SCIO_RF Receive Yes
SCIO_TE Transmit Yes
SCIH_RF Receive Yes
SCH_TE Transmit Yes

- Reserved

- Reserved

- Reserved

Ol N|loo|jO| |l OWIN| =

- Reserved

Reserved

—_
o
|

Table continues on the next page...
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Table 12-1. DMA Channel Assignment (continued)

Source Number Source Module Logic Source Description Async DMA capable
11 - Reserved
12 SPIO_RF SPI Receive Full
13 SPIO_TE SPI Transmit Empty
14 - Reserved
15 — Reserved
16 - Reserved
17 - Reserved
18 LPI2CO_M_TX OR'ed all req LPI2CO_M_TX_Req
LPI2C0_S_Tx LPI2C0_S_TX_Req
LPI2C0O_M_RX LPI2CO_M_RX_Req
LPI2C0_S_RX LPI2C0_S_RX_Req
19 LPI2C1_M_TX OR'ed all req LPI2C1_M_TX_Req
LPI2C1_S_Tx LPI2C1_S_TX_Req
LPI2C1_M_RX LPI2C1_M_RX_Req
LPI2C1_S_RX LPI2C1_S_RX_Req
20 - Reserved
21 - Reserved
22 eFlexPWMAO_CP Submodule 0 Capture DMA
Req
23 eFlexPWMA1_CP Submodule 1 Capture DMA
Req
24 eFlexPWMA2_CP Submodule 2 Capture DMA
Req
25 eFlexPWMA3_CP Submodule 3 Capture DMA
Req
26 eFlexPWMAO_WR OR'ed allreq| SubModule0 Value write
DMA Req
eFlexPWMA1_WR SubModule1 Value write
DMA Req
eFlexPWMA2_WR SubModule2 Value write
DMA Req
eFlexPWMA3_WR SubModule3 Value write
DMA Req
27 eFlexPWMAO_WR SubModule0 Value write
DMA Req
28 eFlexPWMA1_WR SubModule1 Value write
DMA Req
29 eFlexPWMA2_WR SubModule2 Value write
DMA Req
30 eFlexPWMA3_WR SubModule3 Value write
DMA Req
31 - Reserved
32 TMRAO_CP OR'ed all req TMRAO Capture

Table continues on the next page...

MC56F81xxxL Reference Manual, Rev. 3, 04/2025

350

NXP Semiconductors



4
Chapter 12 DMA Channel Multiplexer (DMAMUX)

Table 12-1. DMA Channel Assignment (continued)

Source Number Source Module Logic Source Description Async DMA capable

TMRAO_CMPA1 TMRAO Compare1
33 TMRAO_CMP2 TMRAO Compare2
34 TMRA1_CP OR'ed all req TMRAT1 Capture

TMRA1_CMP1 TMRA1 Comparel T
35 TMRA1_CMP2 MRA1 Compare2
36 TMRA2_CP OR'ed all req TMRAZ2 Capture

TMRA2_CMP1 TMRA2 Compare1
37 TMRA2_CMP2 TMRA2 Compare2
38 TMRA3_CP OR'ed all req TTMRAS Capture

TMRA3_CMP1 TMRA3 Compare1
39 TMRA3_CMP2 TMRA3 Compare2
40 - Reserved
41 - Reserved
42 - Reserved
43 - Reserved
44 - Reserved
45 - Reserved
46 - Reserved
47 - Reserved
48 ADCA_ES ADCA End of Scan or

ADCA Conversion Result
Ready !
49 ADCB_ES ADCB End of Scan or
ADCB Conversion Result
Ready '
50 DACA_FIFO ( 8 deep) 12bit DAC FIFO Water
Mark

51 - Reserved
52 CMPA CMP Toggle Yes
53 CMPB CMP Toggle Yes
54 CMPC CMP Toggle Yes
55 CMPD CMP Toggle Yes
56 XBAR_DSCO0 XBAR DMA Req 0 Yes
57 XBAR_DSCH1 XBAR DMA Req 1 Yes
58 XBAR_DSC2 XBAR DMA Req 2 yes
59 XBAR_DSC3 XBAR DMA Req 3 Yes
60 DMA_MUX Always enabled
61 DMA_MUX Always enabled
62 DMA_MUX Always enabled
63 DMA_MUX Always enabled

1. See ADC_CTRL3[DMASRC] for details.
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12.2 Introduction

12.2.1 Overview

The Direct Memory Access Multiplexer (DMAMUX) routes DMA sources, called slots,
to any of the 4 DMA channels. See the chip-specific information to know the detailed
source numbers. This process is illustrated in the following figure.

— DMA channel #0 >
Source #1 — DMAMUX
S > DMA channel #1
>
Source #2
< >
Source #3
=< >
Source #x < > < >
- >
Always #1
>
Always #
yS #y >
DMA channel #n
S >

12.2.2 Features

Figure 12-1. DMAMUX block diagram

Following are the features of DMAMUX module.
* Up to 59 peripheral slots and up to 4 always-on slots can be routed to 4 channels.

* 4 independently selectable DMA channel routers.

» Each channel router can be assigned to one of the possible peripheral DMA slots or
to one of the always-on slots.
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12.2.3 Modes of operation
The DMAMUX module supports the following operating modes.

* Disabled mode: In this mode, the DMA channel is disabled. Because disabling and
enabling of DMA channels is done primarily via the DMA configuration registers,
this mode is used mainly as the reset state for a DMA channel in the DMA channel
MUX. It may also be used to temporarily suspend a DMA channel while
reconfiguration of the system takes place.

* Normal mode: In this mode, a DMA source is routed directly to the specified DMA
channel. The operation of the DMAMUX in this mode is completely transparent to
the system.

12.3 Functional description

The primary purpose of the DMAMUX is to provide flexibility in the system's use of the
available DMA channels.

As such, configuration of the DMAMUX is intended to be a static procedure done during
execution of the system boot code. However, if the procedure outlined in Enabling and
configuring sources is followed, the configuration of the DMAMUX may be changed
during the normal operation of the system.

The DMAMUX channels implement only the normal routing functionality.

12.3.1 Always-enabled DMA sources

In addition to the peripherals that can be used as DMA sources, there are 4 additional
DMA sources that are always enabled. Unlike the peripheral DMA sources, where the
peripheral controls the flow of data during DMA transfers, the sources that are always
enabled provide no such "throttling" of the data transfers. These sources are most useful
in the following cases:

* Performing DMA transfers to/from GPIO—Moving data from/to one or more GPIO
pins.

e Performing DMA transfers from memory to memory: Moving data from memory to
memory, typically as fast as possible, sometimes with software activation.
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e Performing DMA transfers from memory to the external bus, or vice-versa: Similar
to memory to memory transfers, this is typically done as quickly as possible.

* Any DMA transfer that requires software activation: Any DMA transfer that should
be explicitly started by software.

In cases where software should initiate the start of a DMA transfer, an always-enabled
DMA source can be used to provide maximum flexibility. When activating a DMA
channel via software, subsequent executions of the minor loop require that a new start
event be sent. This can either be a new software activation, or a transfer request from the
DMA channel MUX. The options for doing this are as follows.

* Transfer all data in a single minor loop: By configuring the DMA to transfer all of
the data in a single minor loop (that is, major loop counter = 1), no reactivation of the
channel is necessary. The disadvantage to this option is the reduced granularity in
determining the load that the DMA transfer will impose on the system. For this
option, the DMA channel must be disabled in the DMA channel MUX.

» Use explicit software reactivation: In this option, the DMA is configured to transfer
the data using both minor and major loops, but the processor is required to reactivate
the channel by writing to the DMA registers after every minor loop. For this option,
the DMA channel must be disabled in the DMA channel MUX.

» Use an always-enabled DMA source: In this option, the DMA is configured to
transfer the data using both minor and major loops, and the DMA channel MUX does
the channel reactivation. For this option, the DMA channel should be enabled and
pointing to an "always enabled" source.

12.3.2 DMA sources with cancel rewind capability

If the DMA sources (or peripherals) determine the current packet being received is
corrupt or incomplete, then they signal the DMA to discard the packet through DMA
Channel MUX. Discarding the packet involves two procedures: terminating the current
data transfer and restoring the DMA's program state back to its beginning—thus being
ready for a new packet. This allows the processor to handle other critical tasks (or stay in
low-power mode) while the DMA automatically discards the bad packet. Cancel rewind
capability is supported on each of the DMA channels and for every DMA source (or
peripheral) except "always-enabled" DMA sources.
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12.4 Initialization/application information

This section provides instructions for initializing the DMA channel MUX.

12.4.1 Reset

The reset state of each individual bit is shown in Memory map/register definition. In
summary, after reset, all channels are disabled and must be explicitly enabled before use.

12.4.2 Enabling and configuring sources

In File registers.h:

#define DMAMUX BASE ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCFGO (volatile unsigned char *)
volatile unsigned char *CHCFG1 (volatile unsigned char *)
volatile unsigned char *CHCFG2 (volatile unsigned char *)
volatile unsigned char *CHCFG3 (volatile unsigned char *)
volatile unsigned char *CHCFG4 (volatile unsigned char *)
volatile unsigned char *CHCFG5 (volatile unsigned char *)
volatile unsigned char *CHCFG6 (volatile unsigned char *)
volatile unsigned char *CHCFG7 (volatile unsigned char *)
volatile unsigned char *CHCFGS8 (volatile unsigned char *)
volatile unsigned char *CHCFG9 (volatile unsigned char *)
volatile unsigned char *CHCFG1l0= (volatile unsigned char *)
volatile unsigned char *CHCFGll= (volatile unsigned char *)
volatile unsigned char *CHCFGl2= (volatile unsigned char *)
volatile unsigned char *CHCFG13= (volatile unsigned char *)
volatile unsigned char *CHCFGl4= (volatile unsigned char *)
volatile unsigned char *CHCFGl5= (volatile unsigned char *)

DMAMUX_BASE_ADDR+0x0000) ;
DMAMUX_BASE_ADDR+0x0001) ;
DMAMUX BASE_ADDR+0x0002) ;
DMAMUX_BASE_ADDR+0x0003) ;
DMAMUX_BASE_ADDR+0x0004) ;
DMAMUX_BASE_ADDR+0x0005) ;
DMAMUX BASE_ADDR+0x0006) ;
DMAMUX_BASE_ADDR+0x0007) ;
DMAMUX_BASE_ADDR+0x0008) ;
DMAMUX_BASE_ADDR+0x0009) ;
DMAMUX BASE_ADDR+0x000A) ;
DMAMUX_BASE_ADDR+0x000B) ;
DMAMUX_BASE_ADDR+0x000C) ;
DMAMUX_BASE_ADDR+0x000D) ;
DMAMUX BASE_ADDR+0x000E) ;
DMAMUX_BASE_ADDR+0x000F) ;

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

In File main.c:
#include "registers.h"

*CHCFG1
*CHCFG1

0x00; /* Clear all the fields of CHCFGl register */
0xC5; /* ENBL = 1 DMA Channel is enabled */

/* TRIG = 1 Triggering is enabled */

/* SOURCE = 5 DMA Source 5 is selected */

To enable a source, the following steps can be used:

1. Determine the DMA channel with which the source will be associated.

2. Clear the CHCFG[ENBL] field of the DMA channel.

3. Ensure that the DMA channel is properly configured in the DMA. The DMA channel
may be enabled at this point.

4. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that CHCFG[ENBL] is set.
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To configure source #5 transmit for use with DMA channel 1, as an example, the
following steps can be used:

1. Write 0x00 to CHCFGI.

2. Configure channel 1 in the DMA, including enabling the channel.

3. Write 0x85 to CHCFGI.

The following code example illustrates steps 1 and 3 above:

In File registers.h:

#define DMAMUX BASE ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */
volatile unsigned char *CHCFGO = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0000) ;
volatile unsigned char *CHCFGl = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0001) ;
volatile unsigned char *CHCFG2 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0002) ;
volatile unsigned char *CHCFG3 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0003) ;
volatile unsigned char *CHCFG4 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0004) ;
volatile unsigned char *CHCFG5 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0005) ;
volatile unsigned char *CHCFG6 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0006) ;
volatile unsigned char *CHCFG7 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0007) ;
volatile unsigned char *CHCFG8 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0008) ;
volatile unsigned char *CHCFGY9 = (volatile unsigned char *) (DMAMUX BASE ADDR+0x0009) ;
volatile unsigned char *CHCFG10= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000A) ;
volatile unsigned char *CHCFGll= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000B) ;
volatile unsigned char *CHCFG1l2= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000C) ;
volatile unsigned char *CHCFG1l3= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000D) ;
volatile unsigned char *CHCFGl4= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000E) ;
volatile unsigned char *CHCFG15= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000F) ;
In File main.c:
#include "registers.h"
*CHCFG1 = 0x00; /* Clear all the fields of CHCFGl register */
*CHCFG1 = 0x85; /* ENBL = 1 DMA Channel is enabled */
/* TRIG = 0 Triggering is disabled */
/* SOURCE = 5 DMA Source 5 is selected */

To disable a source:

A particular DMA source may be disabled by not writing the corresponding source value
into any of the CHCFG registers. Additionally, some module-specific configuration may
be necessary. See the eDMA chapter for more details.

To switch the source of a DMA channel:

1. Disable the DMA channel in the DMA and reconfigure the channel for the new
source.

2. Clear the CHCFG|ENBL] bit of the DMA channel.

3. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] field is set.

To switch DMA channel 8 from source #5 transmit to source #7 transmit;:
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1. In the DMA configuration registers, disable DMA channel 8 and reconfigure it to
handle the transfers to peripheral slot 7. This example assumes channel 8 doesn't

have triggering capability.

2. Write 0x00 to CHCFGS.
3. Write 0x87 to CHCFGS.

The following code example illustrates steps 2 and 3 above:

In File registers.h:

#define DMAMUX BASE ADDR

/* Following example assumes char is 8-bits */

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

In File main.c:
#include "registers.h"

*CHCFGS8
*CHCFGS8

0x00;
0x87;

char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char

*CHCFGO
*CHCFG1
*CHCFG2
*CHCFG3
*CHCFG4
*CHCFG5
*CHCFG6
*CHCFG7
*CHCFGS8
*CHCFG9

*CHCFG10=
*CHCFG11=
*CHCFG1l2=
*CHCFG13=
*CHCFG14=
*CHCFG15=

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

0x40021000/* Example only !

char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char

*
~

L R R R I R .

— — — — — — o — — — —

(DMAMUX_BASE_ADDR+0x0000) ;
(DMAMUX_BASE_ADDR+0x0001) ;
(DMAMUX_BASE_ADDR+0x0002) ;
(DMAMUX_BASE_ADDR+0x0003) ;
(DMAMUX_BASE_ADDR+0x0004) ;
(DMAMUX_BASE_ADDR+0x0005) ;
(DMAMUX_BASE_ADDR+0x0006) ;
(DMAMUX_BASE_ADDR+0x0007) ;
(DMAMUX_BASE_ADDR+0x0008) ;
(DMAMUX_BASE_ADDR+0x0009) ;
(DMAMUX_BASE_ADDR+0x000A) ;
(DMAMUX_BASE_ADDR+0x000B) ;
(DMAMUX_BASE_ADDR+0x000C) ;
(DMAMUX_BASE_ADDR+0x000D) ;
(DMAMUX_BASE_ADDR+0x000E) ;
(DMAMUX_BASE_ADDR+0x000F) ;

/* Clear all the fields of CHCFG1l register */

/* ENBL
/* TRIG

/* SOURCE

12.5 Memory map/register definition

1
0

DMA Channel is enabled */
Triggering is disabled */

DMA Source 7 is selected */

