K64 Sub-Family Reference Manual

Supports: MK64FX512VLL12, MK64FN1MOVLL12,
MK64FX512VDC12, MK64FN1MOVDC12, MK64FX512VLQ12,
MK64FX512VMD12, MK64FN1M0OVLQ12, MK64FN1MOVMD12,
MK64FN1MOCAJ12R

Document Number: K64P144M120SF5RM
Rev. 3, July 2017

h
V"



K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors



Contents
Section number Title Page
Chapter 1
About This Document
| B 0 )5 i 1) 2O TEUURS PRSPPI 57
1.1.1 PUIPOSE....e ettt ettt ettt b et h e et b e et s bbbttt sbe et ebe e 57
1.1.2 AUAIEIICE. ... e 57
1.2 COMVEITIONS. 1.ttt eite et ettt et et ettt et e et e s bt e aeesbeea s e e bt ea e e e b e em b e es e em et eseem bt em e e et emeeeaeeateeaeemsesbeemseeseenbeeseenbeeseenseeneenseenes 57
1.2.1 INUMDEIING SYSIEINIS. .. ..eeuteeiteieeitertt ettt ettt ettt ettt ettt e bt et ebtesbe et e st e eabesbees b e s bt estesbe et e ebe et e sbe et e ebeeneeenee 57
1.2.2 TYPOZIAPNIC NOTALION. ...ceutieiitieiieeitt ettt sttt ettt et e et e e st e bt e sab e e bt e saeesabeesateeabeesabeenseennee 58
1.2.3 SPECIAL TETIIIS ...ttt ettt ettt ettt ettt et e e bt ea e e bt ea b e e bt eme e e st e et eaeenbe e st ebeemee bt enbenbeenseabeeneeeseentene 58
Chapter 2
Introduction
B B O )< 7 () 2SO RSP SURUSORPPTI 59
2.2 Module FUNCHONAL CAtBZOTIES. ... ccuveuteuiiriieieniteiertteteeit ettt ettt ettt et et bt et sb e eate s bt et e s bt et e ebt et e ebee bt eatenbeeaeesbeemeenaee 59
2.2.1 ARM® Cortex®-M4 based core MOAUIES............ccoeciiiiiiiiiiiiii e 60
222 SYSLEIM MOMUIES. ...ttt ettt ettt b e et e s bt et e bt e st e eb e ea e ea e et e s st e et eseenbeeneenbeenaennean 61
2.2.3 Memories and Memory INTEITACES. .......ooeiiiriiiiiiiieieteeet ettt 62
224 CLOCKS. ..ttt 63
2.2.5 Security and INteGrity MOUIES. .......cc.eieiiuiiietieiietieeet ettt sttt ettt ettt e e eaeesaeeneesaeeneas 63
2.2.6 ANALOZ MOAUIES. ...ttt ettt et sttt sttt et b e e et e b e st be et e ebeetesaeenaeeaeen 63
227 TIMEr MOAUIES. ...t et 64
2.2.8 COMMUNICAtION TNEBITACES. ...e.veeueeteeiieitieteet ettt ettt ettt et st et e s b e et e s bt et e ebte bt ea s e bt enee st eneeeeeetesneesesnean 65
2.2.9 Human-maching INterfaces...........cociviviiiiiiiiiiiiiiiiiicic e s 66
2.3 Orderable Part IUIDETS. ...cc..eiitieeiieiie ettt ettt ettt et et e st e e sateeat e e sbteeab e e bt e e bt esabesabeessbeeabeesbbeenbeenaeesabeenaeenates 66
Chapter 3
Chip Configuration
3.1 INEFOAUCTION. c...eciiiiiiicci e b bbb s b e e 69
TN 1) (1 To e L1 1 1< SP RPN 69
3.2.1 ARM Cortex-M4 Core CONFIGUIATION. ....c.ertiriieiiintietieieete ettt ettt ettt ettt ettt ettt esee b sseenaeeaees 69

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 3



Section number Title Page
322 Nested Vectored Interrupt Controller (NVIC) Configuration...........coeeverienerienenieneeieneeieneenie e 71
323 Asynchronous Wake-up Interrupt Controller (AWIC) Configuration...........c.ccecereerereenenienenneniencienneens 77
324 FPU CONFIGUIALION. ...ttt ettt sttt ettt ettt b e eae et b b et ae e ennen 79
325 JTAG Controller CONfIGUIAtION. ......c..eevuiriiriiriiitieteteeteeteete ettt ettt ettt ettt ettt et ebee e bt e saeeneenaes 79
3.3 SYSLEIM MOAUIES. . ..eeutiiiiieiieeite ettt et st e et esa e e bt esat e et e e s bteeabeesbe e ea bt e bt e ea bt e bt e eab e e bt e et e e bt e e b e e bt e sabeenateeatean 80
331 STIM CONTIGUIALION. .....eeuetieiteetiete ettt ettt ettt ettt et e e e e bt es e bt e st et e es b e et e eneeeseeneeemeenaeemeesaeemsesbeensesbeenseeneenee 80
332 System Mode Controller (SMC) Configuration.............ccocreeruerierierieniinieneeteneete st sieeseesieesie s sinens 81
333 PMC CONTIGUIATION. ...ttt ettt ettt et e et e bt e bt e bt e sate e bt e sab e e bbeeabeeabtesabeebeesabeessnesnseenne 81
334 Low-Leakage Wake-up Unit (LLWU) CONfigUIAtiON. ... c.eeeeruieieniiiiesieeiesieeie sttt 82
335 IMOCM CONFIGUIATION. ¢..ceueiteiteeit ettt ettt ettt ettt ettt et b e ea e eb et sbe et sbe e bt sbtesbeeabenbeeanenbeens 84
3.3.6 Crossbar SWItCh CONTIGUIAtION. .....ccuiiriiiiiiiteeiee ettt sttt ettt et esabe et e sabeebeesaees 85
337 Memory Protection Unit (MPU) CONfigUIation. ........cc.eiieruirieriieienieeiesitete et 87
338 Peripheral Bridge ConfigUration..........c..cocucieiiiriiiiinieienieteiteste ettt ettt ettt s 90
3.3.9 DMA request multipleXer CONTIGUIAION. ......eeutiiiieiierie ittt ettt ettt e st esaeesare e 91
3.3.10  DMA Controller CONIUIALION. .....ccueovirieieieieieiteiietet ettt sttt st et eae et ettt sae e b saesaens 94
3.3.11 External Watchdog Monitor (EWM) COnfiguration..........ccocceeuereerienienienienientenieeeenieeeesieeee e 95
33,12 WatChdOgZ CONTIGUIALION. ....ceiutiitiiiiteeiieeite ettt ettt sttt ettt e st e e bt e st e e bt e sabe e bt e sabeesbeesnbeenbeesaseebeens 97
3.4 ClOCK MOAUIES. ...ttt ettt ettt ettt e st et e et e a e e bt sa e e s bt eaee e bt emteebeembeebeenteeseentees e e bt eneesaeeneesbeeneeanean 98
34.1 MO G CONTIGUIALION. ...ttt ettt ettt ettt et ettt s bt et bt eatesbe e bt sbte bt eb s et e ebse bt eneesbeeneene 98
34.2 OSC CONTIGUIAION. ..cnteeitteiieeiteett ettt ettt et e bt e et e e sbt e s bt e s atesabeessbeeabeesbaeeabeebeeeabeenaeesabeesabesaneenes 99
343 RTC OSC CONTIGUIATION. ...ttt ettt ettt ettt et ee ettt e bt et e s bt e s ee s bt emtesbeenteebeenbeeseenteeneenbeeneenaeeneas 100
3.5  Memories and MEMOTY INEEITACES. .....c.uiruiriiriiitiitiet ettt ettt st et b et b et sb et e ebe e bt ebtesbeeatesaeenaenbeen 101
3.5.1 Flash Memory COnfigUIAtION. ......cocvtiiuiirieiiie ittt ettt ettt eb e sbt e e bt e satesbeesaeesabeesanesareenne 101
352 Flash Memory Controller CONfIGUIAtION. .......cc.iiiiiiirietieieet ettt ettt ettt sbe e e enes 105
353 SRAM CONFIGUIATION. ¢..ceuteitenieiiieieeiteteeit ettt ettt sttt sttt et e sb e et e bt et e bt e st e sae et e s bt enaesbeenaeeanenaeensenueas 106
354 System Register File CONfigUIAtiON. ......ccuiiiuieiiiiiiiiiieeiieeieeieee ettt sttt eaee s 109
355 VBAT Register File CONfIGUIAtION. ......ccouiiiiiiiieiiiieteetete ettt ettt sttt sttt sbeeeaesbeeneeneeens 110
35.6 EZPOrt CONfIGUIATION. .....otiiitiiiiiiiiiiteeeet ettt ettt ettt et s be et bbbt e b ebee b eaee 110
3.5.7 FIeXBUS CONTIGUIAION. .....tiiiiiiiiiiiteite ettt et ettt e st e b e sat e e bt e st e et e e sabeebeesateenbeesaneenne 111

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors



Section number Title Page
BU0  SECUITLY ..ottt ettt ettt ettt ettt et b et sh et s b e et sb e et e bt e bt e bt et e eh b e bt eh bt e bt eae e eb e em et sb e et e bt e bt eb b e bt bbbt e bbbt eat et enee 114
3.6.1 CROC CONTIGUIALION. ....ttetteeiiteite ettt ettt et eat e et e st e et esa bt e bt e eate e bt e sabeenbeesabeeseesabeenseesnseennes 114
3.6.2 MMOCAU CONFIGUIATION. ¢+ttt etiet et te ittt et eet et e et e et e te s et e teeseebeeseenbeesee bt enee bt anseeseenseeseensesseensesnean 115
3.6.3 RING CONTIGUIALION. ..ottt ettt ettt ettt et et s bt et sbe et s bt et sbe et e sbeeneeeae 116
BT ANAIOZ ettt b e h e e bt e e h bt et e bttt e e bt e bt e ht e ea bt e bt e eat e e bt e e bt e bt e e be e bt e sabeeaeenates 116
3.7.1 16-bit SAR ADC CONIGUIATION. ...c..tiutieiietieiieettete ettt ettt ettt et et et et estesteetesseenbesseenbesneenbeensenseans 116
372 CIMP CONTIGUIALION. ....ceteiiiiiiiieittetert ettt ettt ettt et a et sb e eat e s bt et e s bt es b sbe et e e bt et e ebe et e ebeeeeeaee 128
373 12-bit DAC CONTIGUIALION. ...c.utiiiieiiiiiiieeiie ettt ettt ettt et e st e et esbbeesbeesbbesbeebeesabeesaeesaseas 129
374 VREF CONTIZUIALION. ...ttt ettt ettt ettt ettt e s ae et e s bt et e s b e enteebeenbeeseenteeneeneeeneenaeeneesees 131
B8 THIMIEIS ittt ettt et e a b e a e bbb e h b b sttt et ettt eaeen e e 132
3.8.1 PDB CONTIUIAION. ..ccuutiiitieiieeiiteeit ettt ettt et sb e et e st e st e s st e eabeesbbeeabeesbeesabeesatesabeesabesaneenes 132
3.8.2 FlexXTimer CONTIGUIAION. ......cc.tiiiitieiieiiete ettt ettt et e bt et e bt et s bt e e e sbeebeebe et e eseenbeeneenseenes 136
3.83 PIT CONFIGUIALION. ...c.eiititiiititieiteeitet ettt ettt ettt sb et sbeenaesbe e bt sbt e b e e e nbe e e b enee 140
3.8.4 Low-power timer CONFIGUIALION. ........eeouiiiiiiiiiiit ittt ettt ettt e st sat e e satesabeenbeeenreeaees 141
3.8.5 CIMT CONTIGUIATION. ¢..ceutettente ettt ettt ettt et et e bt es e bt et e bt eseeebeemeeabeembeebeenteebeenseeseenseeneebeeneenaeeneas 142
3.8.6 RTC CONTIGUIATION. 1.ttt ettt st sttt be e bbbt ea et ebt e bt et e ebeeaesaeenaeeneen 143
3.9  CommuniCation INEEITACES. .........cciiiiiiiiiiiiii e e 144
39.1 Ethernet ConfIgUIAtION. .......c.ccuiiiiiiiiitietieretet ettt ettt sttt et ettt ettt st 145
39.2 Universal Serial Bus (USB) FS SUDSYSIEM......cceevtiiiiriiiiiniiiinieeicriteteeteeetete ettt 147
393 CAN CONTIGUIALION. ...tteiteeiiteeite ettt ettt et sat e e bt e s et e bt e s bt eabeesuteebeesabe e bt e eabeeabeesabeebeesateensnesaseenne 153
394 SPI CONFIGUIALION. ...ttt sttt ettt ettt et sbe s b b sa et e eateaeebeebesaesaenes 155
395 T2C CONFIGUIALION. ...ttt ettt ettt et sb et sbeenaesbe e bt sbbe b e eab et eatenbeenee 159
3.9.6 UART CONTIGUIALION. ...ttt ettt ettt ettt ettt ettt et e s at e st e e s ateeabe e s st e eabeesateeabeesabeenbeesabeenseenanean 159
3.9.7 SDHC CONFIGUIALION. ...c.viutiteitiiieieiieiieit ettt ettt sttt ettt et eae et sttt be s b st et st esee st eneeneeaeeaeeseenes 162
3.9.8 I2S CONTIGUIATION. ¢ttt ettt ettt et b et b et b et be et ebeebesbeenaeeanen 163
3.10  Human-machine INTEIfaCES. .........occiiiiiiiiiiiiiiiiiiiicicicc e s 167
3.10.1 GPIO CONTIZUIALION. ..ottt ettt ettt ettt ettt eshe et e s bt e st e bt es b e ebeesteebeenteebeenteeneenteeneeneeenee 167
Chapter 4
Memory Map

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 5




Section number Title Page
4.1 TIETOAUCTION. ...ttt h et b et b et s h e et s bt et s bt e bt ebte bt e et e bt e st e bt est e bt et e ebeeneenaee 169
4.2 SYSLEIMN MEIMNOTY TP .. eeeurtetteeuteettesuteesttesttesstesseestaeaseesseessseesseesaseessseaaseenseesaseenseesnseesssessseessseeseessseastesssesbeesnsesnseenns 169
4.2.1 Aliased DIt-Dand TEZIOMS. ... ..ocuiiiiitiiieitieteet ettt sttt sttt et ettt e bt eate bt e st e bt eneesseenaesneeaeenean 171
4.3 Flash MEMOTY IMAD....ccutiiiiiiiiieieetete ettt ettt bttt a et e bt sb e st e s bt et sb e e bt s bt e bt e b s e b e ebb e bt e et e bt et e sbeenaesaee 172
4.3.1 Alternate Non-Volatile IRC User Trim DesSCripion.......cocueerieriieriiriiieniieiieriieeiee sttt st 173
4.4 SRAM MEMOTY INAP...cctttiuttetterittentteeitt et e ettt et e eeteeeteesateeebeesate e beeeaeeebeeeabeaabeesateeabeesbe e e bt eebeesabeesbaesaneenbeeeabeenbeeenseensees 173
4.5  Peripheral bridge (AIPS-Lite0 and AIPS-Lite1) MEeMOTY MaP......cocueruiriiriiriiniieiiieeieneete ettt nieeas 174
4.5.1 Read-after-write sequence and required serialization of MemMOry OpPerations...........cccceevcveerverreeeneernveenneens 174
452 Peripheral Bridge 0 (AIPS-Lite 0) MemOTry Map.......cccceruiiierierieniieiieieeiesteeie sttt see e seee e 175
453 Peripheral Bridge 1 (AIPS-Lite 1) MemoOry Map......c..ccccviiiiniiniinieieiieneetenieetesie ettt 178
4.6 Private Peripheral Bus (PPB) MEMOTY MAP......cccutiitiiiiiiiiiiiieiieete ettt ettt sttt et st saee et e sabeenee e 182
Chapter 5
Clock Distribution
5.1 INETOAUCTION. ¢ttt ettt ettt et e a et st e st et e bt et e s bt e as e bt ean e e bt et e saeess e ebeenseeanesaeennesaeennenueen 183
5.2 Programming MOGEL.......c..ooouiiiiiiiieiieiee ettt ettt s e sh e et e bt e bt e h e et e bt e bt e st e be e bt e b e en e et en b e bt eneenaeenee 183
5.3  High-Level device cloCKing QIagramm........cocueoueriiriiriiniieienietesitete sttt ettt et sttt sbeesae st e saeesnenbeas 183
5.4 ClOCK AEIINITIONS. ..c..iiiieiiiiiitieteit ettt ettt ettt et et ettt e bt e et eat e st e st e st e e esaeeanenaeesnesueeanesueennesunensens 184
54.1 DEVICE ClOCK SUMIMATY . ....etieitieiietieiteete ettt ettt ettt eat ettt e st e emeesbeeneesbeenaesueenbeeseenbeeneenbeeseeseens 185
5.5  Internal ClOCKING FEQUITEIMEIIES. ......eiueiutiriietirtietiettete ettt ettt ettt et et et s bt et s bt et e sbe et ebee bt eb e e bt satesaeentenbeennenueas 187
5.5.1 Clock divider Values after TESEL..........coieiiriiriiiieii ettt ettt sttt e sae e 188
552 VLPR MOA@ CIOCKING. ...ttt ettt ettt ettt et et e b sb e e bess e e beeaeebeentenbeeneenseens 188
5.0 CIOCK GALINE...c.vtiuteitintieiteteeit ettt ettt ettt ettt et b et b et b e st e bt et e bt e et e st e s bt e ot e s bt eateeb e eabeeb e et e eb e et e ebte bt estenaeenees 189
5.7 MOAUIE CLOCKS. ..c..eomiiiiieiiitete ettt ettt ettt et e a et e at e st st e bt et e s bt et e saeennesbeeenesbeesnesunenneene 189
5.7.1 PMC 1-KHZ LPO CLOCK.....cutrtiiirieiiiieintetete ettt sttt sttt 191
5.72 TRC A8MHZ CLOCK. ...ttt ettt sttt sttt et en et ebe e 191
573 WDOG CLOCKING. ...ttt e 192
5.7.4 DebUZ trACE CLOCK. ...ttt ettt ettt ettt ea e sae s 192
5.7.5 PORT digital filter CLOCKING. ...cc.vietiitiiiiiiieiiie ittt sttt ettt ettt s sieeas 193
5.7.6 LPTMR CLOCKIINEZ. ...ttt sttt 193

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors



Section number Title Page
5.7.7 EHhernet CLOCKING. .....co.eiriiiiiiiieeet ettt ettt be et e bttt e be bt et sbeetesaeenaesaeen 194
5.7.8 USB FS OTG CoONtroller CIOCKINE. ...ccvtiruiiiiieiieiiieeiieett ettt ettt ettt ettt sie e st esane st e sasesaneens 194
5.79 FIEXCAN CLOCKING. ....euteuiiiiiiiitietiite sttt sttt ettt ettt s st sa ettt eea et ae bt beebesueebesbeseeas 195
5710 UART CLOCKING. c..teiiiiiiitiieeiteieet ettt ettt et a et sbt et sbtenae st e sbesabe bt eene bt et esbeenaeane 195
5711 SDHC CIOCKING. ....cuiiiiiiiiciiieiicr ettt 196
5702 T2S/SAT CLOCKING. ....iviiiiitiitiiteiteetestestet ettt ettt sttt ettt be e bt eb b sbesa b snenaens 196
Chapter 6
Reset and Boot
(2 B Vi (o L1 17 5 (o) 3 OSSO RSP SUSU SRR 199
0.2 RESEL.uiiiiiiii it a bbb s h e a ettt ettt eb et e sa s 200
6.2.1 POWETr-0n 1€SEt (POR)....coiiiiiiiiieeeeeee et e et e e e ettt e e e e eetaaeeeeeeeetaraeeeeeeareeeeeaas 200
6.2.2 SYSLEIM TESEL SOUICES. c...veurtenereeuteeriteettentteeteeettesabeesseesabeesbbeeabeesbteebeeebeeeabeesbeeeabeesbteeseenbeeebeesbtesabeesasesaneennn 200
6.2.3 IMICU RESELS. ...ttt ettt et st sttt sttt ettt et b e sa et besa e nenean 204
6.2.4 RESEE PIN .o s 206
6.2.5 DIEDUG TESELS. ...ttt ettt ettt ettt ettt et e st e et sae e et e he e bt e st et e es e et e es e e bt es e e bt ent e bt enteeaeenteeaeenteeas 206
0.3 BOOT.eiiiieii e a b a bbb bttt et ettt et b e b st 207
6.3.1 BOOt SOUITES. .....ouiiiiiiiiiiiiii ettt b e s a e 207
6.3.2 L S7oTo o) 07 (o) s SOOI SRRPRRRPNt 208
6.3.3 FOPT DOOt OPTIOMS. ...ttt ettt ettt ettt ettt ettt et eb et ettt eatesbe e st e s bt et e ebe et e ebe et e ebeenaeebeesbeemeenaee 208
6.3.4 BOOU SEQUEIICE. ...ttt ettt ettt et eat e et e s ab e et e s bt e e bt e e at e e bt e e abe et e e sab e e bt e sate e bt e saneenbes 209
Chapter 7
Power Management
Tl INEEOQUCTION. c...eiiiiiiiicic e s b e st e a e e e b a e 211
7.2 POWET MOAES DESCIIPLION. ......eeutiitienie ittt ettt ettt ettt ettt e bt e st e s be e st e bt eaee bt emteebeen e e eseeneeeaee bt saeesbeeneesaeensennean 211
7.3 Entering and eXitiNg POWET IMOAES. ....c..erutetiriitiriiitieitente ettt et st ete st ettt ettt esb e s bt et e sbeeteebee bt ebeenbeeatesaeentenbeennenuees 213
7.4 PoWer MOAe trANSIIONS. ...c..oiiuiiiiiiiiiitiii ittt st 214
7.5  Power modes ShULAOWIN SEQUEINCING. ......eeuteruiiieitieiieitteteiti ettt ettt ettt e bt ette et et e sbeeseesbeeneesbeenbesbeenteeseenbeeseenseeneeneeenes 215
7.6 Module Operation in LowW POWET IMOGES. .......cc.coiiriiiiiiiiiiiieitcieetctt ettt sttt sttt sttt 216
TUT CLOCK GAEINEZ. .ttt et ettt et e s ht e e ab e e bt eab e e bt e s s bt e bt e se bt e bt e eabe e baeeabeenbtesabeeaseesabeesseesabeenbaeenneenseenas 219

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 7




Section number Title Page
Chapter 8
Security
8.1 TIETOTUCTION. ...ttt et e b e e e bt e e e bt e e ekt em e eh e emee e et e bt ea e e bt ea e e bt emte bt emte bt emteebeenteeseeneeeneenseeeee 221
8.2 FIASI SECUITLY ...euveeutiiieieitet ettt ettt ettt b et b et h et eb e emb e e bt e et e bt e sbeesbenbeeatesbeenbesbeenbeebeenteene 221
8.3 Security Interactions with Other MOAUIES..........cocuiiiiiiiiiiiiiie et ettt st sat e beeeane e 222
8.3.1 Security interactions With FIEXBUS. .......ccouiiiiiiiiiiiieiiee et 222
8.3.2 Security Interactions With EZPOIT........ccccoiiiiiiiiiiiiii et 222
8.3.3 Security Interactions With DEDUZ.....c...coiuiiiiiiiiiiii et 222
Chapter 9
Debug
0.1 INETOAUCTION. ¢ttt ettt e a et st e st et e bt ea s e s bt eas e bt eaae e bt et e sae e st ebeenseeanesaeennenaeennenueen 225
9.1.1 RETEICIICES. ...ttt ettt e ettt e st e e s bt et e e bt et e eb e enteese et e eneenteeneeneeeneenees 227
0.2 ThE DEDUZ POTt......eiiiiiiiiiiiiteeeee ettt ettt et a e et ae et s b et b e e et b e e st bt et eb et sbte et satenbeemeenaes 227
9.2.1 JTAG-0-SWD Change SEQUENCE. .......cccueriieriieiiteiie ettt ettt ettt ettt et esabe et esabeesbeesibeebeesaseeanes 228
9.2.2 JTAG-t0-CITAG Change SEQUEIICE. ..........couiiiiiiiiiiiiieiee e e st 228
9.3 Debug Port Pin DESCIIPIONS. c...c.veiutitiritiieeitieieete sttt ettt ettt ettt et e bt e bbbt e bt s bt essesbeeabesbe et e ebeenneebeeaeenee 229
0.4 SySLEIMN TAP CONMMECIION. ¢ ..eeiutiiiieiiteitte ettt ettt et ettt e sttt et e e bt e et e e shtesa bt e sateeabeesbbeeabeebeeeabeesbtesabeessbeeaseenneesnseenseean 229
9.4.1 TR COAES ...ttt ettt ettt h ettt b bbbttt bbbt nes 229
9.5  JTAG Status and CONIIOL TEZISTETS. ...cuverutiueriiintietenteeteet ettt ettt ettt et ebte st eatesb e eat e s bt eabe bt ea b esbeeatesbeestesbee et saeenaeemeenaes 230
9.5.1 MDM-AP CONIOL REGISTET......eeiutiiiieeiieiiie ittt ettt ettt ettt et e st e bt e sabesabeesabe e bt e sateenseenaeean 231
9.5.2 MDM-AP Stattis REZISTET ....cveveiiiieiieiieiieiieiieeetteteste sttt ettt st sttt et eaeeaes 233
0.0 DEDUZ RESELS......eeutiiiiiieiieeieete ettt ettt ettt ettt et b et s bt et s bt et e bt et e bttt b et e bt e bt bt e bt et e sae et nbeeaenue s 234
0.7 AHB-AP ..ottt 235
0.8 ITIMc etttk ekt h bt h e bt h b st a e h et ket h et e bt bt b et b et b et se st et ettt 235
9.9 COre TraCe CONMMECIVILY ...ceuvieutetiritenteeitenteeitent ettt ettt ettt ettt et e bt e teeatesaeeatesbeeat e s bt eete bt eateebeeateebeetesbte bt smeenaeennenaes 236
9.10 Embedded Trace MacroCell V3.5 (ETIM)......coooiuriiiieiieeee ettt e et e e e eeeaaa e e eeeaaaaeeeeeetraeaeeeas 236
9.11 Coresight Embedded Trace Buffer (ETB)........cooiiiiiiiiiieeeee ettt e 237
9.11.1 Performance Profiling with the ETB........ccccooiiiiiiiiiiiteccee ettt 237
9.11.2  ETB CoUNter CONIOL......ccuiiiiiiiiiiieiieitete sttt ettt ettt ettt et a e st e s e e sbeeanesbeeenesbeesnesbeesneene 238

K64 Sub-Family Reference Manual, Rev. 3, July 2017

8 NXP Semiconductors




Section number Title Page
012 TPIU ittt bbbt h e bbbt b bt b et b ettt 238
013 DIWT .ttt b e h sttt h ettt be e ne 238
9.14  Debug in LOW POWET MOGES........couiiiiiiiriiiiitiientetceete ettt sttt ettt ettt sbe bt s sn e 239
9.14.1 Debug Module State in LOW POWET MOES......cc.couiriiiiriiiiiiiicnieciesiteieeteie ettt 240
.15 DEDUZ & SECUTILY ....veeneteeitieitte ettt ettt ettt s ettt e sttt e bt e s ate e bt esat e et e e sab e e bt e eate e bt e eabeeabeesabeenseesabeebaesaseenbeesabeenneens 240
Chapter 10
Signal Multiplexing and Signal Descriptions
TO.1  IEFOAUCTION. c..ceeiieiteeitett ettt ettt et e b et st a e e et e bt e ae e st et e bt e s e e bt easeebe et e eae et e eanesaeeanenseennenueen 241
10.2  Signal MultipleXing INTEZIAtION. ......ueiutetirtieiieteeie ettt ettt ettt e et et e es e e bt eseenbeeseesbeentesbeensesbeensesbeenseeneenseans 241
10.2.1 Port control and interrupt Module fEAtUIES..........cocuiiiiriiiiiiiiiiict ettt 242
10.2.2  Port control and INLEITUPL SUIMIMATY ......ecueerureerieeriieeteesiteeteesiteeteesiteeteesteeebeesseessseesseesseessaesseesseessseesseesns 242
10.2.3  PCRN reset Values fOr POt A......o.iiuiiiieieitieieett ettt ettt et e st et e et e et estesbeeseesbeentesbeentenaeans 243
1O.2:4  CLOCK ZALNEZ. ...ttitiiieiiiteete ettt ettt et a et sb et at et e bbbt ebb e s bt e et et eat e et e et e ebe et e saeenbeeaeenaes 243
10.2.5 Signal MUIPLIEXING CONSIATNLS. ..eeuterutieitieeieitie ettt ettt et ettt et e st e e sbte st e e sbbeeabeesbbeebeesseeeabeesanesnseenes 243
LG T = ¥ 1o | AU 244
10.3.1 K64 Signal Multiplexing and Pin ASSIZNMENTS........cccueruiriiriiriiniiienieete ettt 244
10.3.2 K64 Signal Multiplexing and Pin ASSIZNMENTS. ......cccueiiuiiriiriiieniiiiienie ettt sttt st bee e e 250
10.3.3 KB4 PINOULS. ...ttt ettt ettt a et at e s bt e m e e eb e eate s bt em b e ebeen b e ebeenteeb e e teene et e eneeeeenes 256
10.3:4 KO PINOULS. ..ottt sttt sttt ettt et sttt sttt st sb et b et be e b e 260
10.4  Module Signal Description TabBIES.........cocuiiiiiiriiiiieiieeeee ettt et st e st st e st e e bt e sabeebeesaeeeares 262
10.4.1 COTE IMOAUILS. ...ttt ettt b ettt h et e h e bt e st e e bt eaeesbe e e e eb e et e es e embeese et e eneenaeeneeeneeneenee 262
1042 SYSIEIM MOUIES. ....cveiuiiiiiiieiierieet ettt ettt ettt sttt b et b et b et e sb e et e ebeenbeeseenbeeanenbeas 262
10.4.3  ClOCK MOGUIES. ....c.eeiieniieiieiieteetet ettt ettt e st st be st e et esae e esaeennesaeennes 263
10.4.4  Memories and Memory INtEITACES. .......c.eiuiiiiiieiieiiee ettt et sae s 263
JOAS  ANALOZ. ettt bttt et et h e bt bt h bbbttt ebe et ehe e bt eane b s 266
10.4.6  TIMET MOGUILS. .....oiouiiiiiiieieeieee ettt ettt ettt et e b et b et sbe e s saeesaeeanenaeeanenaees 268
1047 CommuniCation TNEEITACES. .......eiuieiiitieieitieteet ettt ettt sttt b et sttt ebe et st e bt et esaeeneesaeenees 270
10.4.8 Human-Machine Interfaces (HMI).........cccuiiiiiiiiiiiiiiiis et ettt e et 276
Chapter 11

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 9




Section number Title Page

Port Control and Interrupts (PORT)

08I0 B 01 (0T 1117 510 ) 3 OO S PRI 279

L2 OVEIVIBW...uiiiiiiiiiictite ettt ettt ettt e h bt b e s a e e bbbttt ettt eae bt b e eaeeb e b e sn e 279
T1.201 FRALULES ...ttt a e sttt 279
11.2.2 MOA@S OF OPETALION. ... .eoueiiieiiiitieteetiete ettt ettt ettt et e et st e bt e bt e bt es e e bt e st e ebeenteeaeeneeemtenbeemeenbeensenbeentenseans 280

11.3  External Signal deSCIIPLION. .....cccuivtirtiiiiirieeiierteeit ettt ettt ettt et ettt et b et e s bt et e et e et ebtesbeeatesaeeneesbeenaenbeen 281

11.4  Detailed SIZNal ESCIIPLION. . ...tiitieriitetieeteette ettt sttt ettt e et e bt e s bt e bt e sabeesbteeaee e baesabeebeesabeesstesabeessbesaseenbbeenseenseenn 281

11.5 Memory map and re@ister dfINItION. .......cc.ivuiiriiiieieiietee ettt st e e st e e e s bt e b e sbe e beeae et e eseesbeeseeneeenes 281
11.5.1 Pin Control Register n (PORTX_PCRA)..c..ccc.ooiiiiiiiiiiiiitieteteeeeeest ettt 288
11.5.2 Global Pin Control Low Register (PORTX_GPCLR).......cccoiiiiiiiiiieieiiiereeeeese ettt 291
11.5.3  Global Pin Control High Register (PORTx_GPCHR)........ccccecemimimiininiiiiieiecieeeeeeese e 291
11.5.4  Interrupt Status Flag Register (PORTX_ISFR).......coccoiiiiiiiiiiiiieee et 292
11.5.5 Digital Filter Enable Register (PORTX_DFER)........ccceiiiiiiiiiiiiiieiiteie ittt st 292
11.5.6  Digital Filter Clock Register (PORTX_DFCR)........ccouiiririiiriieiiieirieeniesie e 293
11.5.7  Digital Filter Width Register (PORTX_DFWR)......cccccccuiiiiiiiiiiiiniieeccteeeeeee e 293

11.6 FUNCHONAL AESCTIPIION. ...eeutiiiitieiiieeiitetie et ettt te st e st e et e e bt e esbeebeesabeesseesabeessteeaseesaeenseenseesnbeenstesaseessseenseenssesnseenneenn 294
11.6.1 PIN CONEIOL ... 294
11.6.2  GloDal PIN CONLIOL....cuiiiiiiiiiiiiiiiiieiteie ettt ettt sttt ettt ettt eae bt besaesaenes 295
11.6.3 EXTETNAL INEETTUPES. ..o eutieeteeiiteite et eeeite ettt ettt et e sttt et e s iteeabeessbeeabeesabeesseessseenseessseenseesasaenseesaseensnesnsaenns 295
11.6.4  DIIAl FILEET ..ot st 296

Chapter 12
System Integration Module (SIM)

I2.1 INEFOAUCTION. c..ceteiieiieeit ettt ettt e bt et et et et e st e ae e st e s e bt e s e bt easeebe e st e euee st eanesaeennesaeennenueen 299
12.1.1 FEALTUTES. ...ttt ettt et s bttt e s bt e bt e e bt e et esae e st e e s bt e eabeesbaeebeenbeeens 299

12.2 Memory map and re@ister defiNItION. .......cc.cotiriiiiiiiiiicii ettt ettt ettt ettt ebee e 300
12.2.1 System Options Register 1 (SIM_SOPTL)...cc.cociiiiiiiiiiiiieietceeeeet ettt 301
12.2.2  SOPT1 Configuration Register (SIM_SOPTICEG).......cccccootiriiiiiinieieeieieeeeee et 303
12.2.3 System Options Register 2 (SIIM_SOPT2)....c...ooiiiiiiiiiiiiieitesit ettt ettt site st esaeesateebeesaseesee e 304
12.2.4  System Options Register 4 (SIM_SOPTA)......cccooimiiiiiiiiieeeeeeeeeeete ettt 307

K64 Sub-Family Reference Manual, Rev. 3, July 2017
10 NXP Semiconductors



Section number Title Page
12.2.5  System Options Register 5 (SIIM_SOPTS).....cooiiiiriiiiiieneiieeeteteeeeee ettt ettt 310
12.2.6  System Options Register 7 (SIIM_SOPT7)...cccuuiiiiiiiiiiieeee ettt et 311
12.2.7  System Device Identification Register (SIM_SDID).........ccctrruiiiiiiiieieniieie et 313
12.2.8  System Clock Gating Control Register 1 (SIM_SCGCI)....cc.coceriiririiiniiiinieienieceeteieeeeeeteie e 315
12.2.9  System Clock Gating Control Register 2 (SIM_SCGC2)........ccceceririiimieniniiieniceeeeieeeeeeeeee e 317
12.2.10  System Clock Gating Control Register 3 (SIM_SCGEC3)......ccccceiririirinininienieiencietereeeeeeee e 319
12.2.11  System Clock Gating Control Register 4 (SIM_SCGCH4)........ccceviiririiniininiieneeeeeeieeeeeeesie e 321
12.2.12  System Clock Gating Control Register 5 (SIM_SCGCS)........cccivviiririiimiiiiieieneceeeeieeeeeeeie e 323
12.2.13  System Clock Gating Control Register 6 (SIM_SCGCO)........ccceeuiruieniirieieiieeeieeeeee e 325
12.2.14  System Clock Gating Control Register 7 (SIM_SCGCT)....cc..coceruiririiniiineieneeeeeeieeeeieeitesee e 328
12.2.15  System Clock Divider Register 1 (SIM_CLKDIV1)...cccoiiiiiiiiiiiiiiiieieeeeeeeeesee e 329
12.2.16  System Clock Divider Register 2 (SIM_CLKDIV2)......cciiiiiiiiiiiiieiieieeeeee et 331
12.2.17  Flash Configuration Register 1 (SIM_FCFG1).....cc.cccccoiiiiimiiiiiiitiietteneceeceseeesee e 332
12.2.18 Flash Configuration Register 2 (SIM_FCEFG2)........cccciiiiiiiiiiiiiiieeieeie ettt 335
12.2.19  Unique Identification Register High (SIM_UIDH)........cccccceotriimiinimininininieneicieceeeereeeeeeee e 336
12.2.20  Unique Identification Register Mid-High (SIM_UIDMH)......c..cccccoiriiminiiniiiiniiicniecieneeiceeee e 336
12.2.21  Unique Identification Register Mid Low (SIM_UIDML).....ccccccoiitiiiiiiiiiiiinienieeseeeeeee et 337
12.2.22  Unique Identification Register Low (SIM_UIDL)........cccceitiiiiiiiiiiieieiieeieeeee ettt 337

12.3  FUNCHONAL AESCIIPLION. ..c..eiutiiieiiiitiite ittt ettt ettt et a et s bt et s bt et e eb e et et e et e eat e bt eatesbeeneesbeenaenaeen 338

Chapter 13
Reset Control Module (RCM)

I3.1 INEFOAUCTION. ...ttt et b e bbb st e ettt eae e bt beeae et b saesnesnene 339

13.2  Reset memory map and re@iSter AESCIIPLIONS. ..ceeuvtiuieriteeiieriteetee ettt ettt e st ebeesabe e bt esbeesbeessbesabeesabesabeesbaeeseenaeens 339
13.2.1 System Reset Status Register 0 (RCM_SRS0).....cc.oeiiiiiiiiei e 340
13.2.2  System Reset Status Register 1 (RCM_SRS1)....cccooriiiiniiiiiiiiieeeeseeeseete et 341
13.2.3 Reset Pin Filter Control register (RCM_RPFQC)........ccciiiiiiiiiiiiiieeeeeeee et 343
13.2.4 Reset Pin Filter Width register (RCM_RPEFW).......cooiiiiiii e 344
13.2.5 Mode Register (RCIM_IMR)...c..coiiiiiiiiiiiiteiec sttt sttt st sttt e sae e 345

Chapter 14

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 11




Section number Title Page

System Mode Controller (SMC)

| B Vi (0T 1117 510 ) 3 OO OO TSP UUOS PRSPPI 347
14.2 MOAES OF OPEIALION. ¢ ..e.eeiutiniieiteetieteett ettt ettt ettt ettt et b e bbbt e be et e bt e bt e st e sbe e st e she e bt sbe e bt ebeebesbt et e esbenbeentenbeenee 347
14.3  Memory map and re@iSter AESCTIPLIOMS. ...couutiitieriertierteet ettt e ettt e st e b ee st e ebee sttt e bt esabeeabeesabesabeesaseenseesaseensaenasenane 349
14.3.1 Power Mode Protection register (SMC_PMPROT)........cooiiiiiiiiiiieeeeeeee e 350
14.3.2 Power Mode Control register (SMC_PMOCTRL).......ccccoctiiiiiiniiiineiineeee e 351
14.3.3  VLLS Control Register (SMC_VLLSCTRL).......cccccctruiiiiiiiiiieeieereeereeeseeree et 353
14.3.4 Power Mode Status register (SMC_PMSTAT)......ooiiiiiieeeieeeteeee ettt 354
14.4  FUNCtiONAl AESCIIPLION. ..c..eoutiitiiiietiite ittt ettt ettt ettt et b e e st s b e et e s bt et e s bt et e e bt et e ebt et e ebt e bt eatesbeeneesbeenaesbeen 354
14.4.1 Power mode tranSItionS. .........couiiiiiiiiiiiiiiiiiccc e 354
14.42  Power mode entry/eXit SEQUEINCINE. ....c..erutettrueeeerueeterteetesteeteeteenteeteeteeseesseeseeaseenseseeentesseensesseensesseensesseans 357
14.4.3  RUNMOUES. ....iiiiiiiiiiiieietee ettt ettt et s sttt ettt eae e eaeeaeenes 359
1444 WA IMOUES.....ouiiiiiiiiiiiic e e s 361
e TN (0] 035 10 T Ta [OOSR 362
14.4.6  Debug in 1oW POWET MOUES......ccuiriiiiiriiiiiiitiieeit ettt sttt st ettt et sb et be et bt et sbee e eae 365
Chapter 15
Power Management Controller (PMC)
IS.] INEFOQUCTION. .ttt et a b s a e eb bbbt s ettt eae e b e b e eae et e b saesnesnene 367
I5.2 FRALUTES. ....cuiiiiiiiiiiie et b et h bbb s s 367
15.3  Low-voltage deteCt (VD) SYSIEIM.......ciutiiiitieieitieieiteete ettt ettt ettt ettt et e et e s e s et este s bt ebe s st enbesbeenbeeseenteeseeteeneenseenes 367
15.3.1 LVD TESCE OPCIATION. ¢..ceuveiteniieiieieeitert ettt ettt ettt et ete bt et s bt esae e bt e sbeebtesbees s e bt ee b e bt eateebeeateebeentesbeeneeene 368
15.3.2 LVD INEEITUPE OPETALION. c...eeutieitieriiteitenittenttestteettesiteeteesateeseesateebtesateeabeesaseenseesabeenseesaseeseesssesnbeesasesnseenas 368
15.3.3  Low-voltage warning (LVW) INterrupt OPEIatiON. .......ccueeuiertieiertieierteetesieentesite e eeeesteeeee st eeeseeeneesaeeneeeaee 368
I5:4  T/O TRIEITION. c..ueiiiiiiiiiieiieti et et st s h ettt ettt et eb e bt a e sueeb b sae bbb s e e s e s 369
15.5 Memory map and re@iSter AESCIIPLIOMS. ...evuutrtieritietieiieetee sttt ettt et e st et e siteebee sttt e bt esateeabeesabesabeesaseenseesnseebaesneeeane 369
15.5.1  Low Voltage Detect Status And Control 1 register (PMC_LVDSC1).....cccoooiiiiiiiiiiiinieieeeeeeeeseee. 370
15.5.2  Low Voltage Detect Status And Control 2 register (PMC_LVDSC2).....ccccccveviriininiininiinieicnceieneene 371
15.5.3 Regulator Status And Control register (PMC_REGSC).......cooiiiiiiiiiiiiiiiinieeceeeee e 372
Chapter 16
Low-Leakage Wakeup Unit (LLWU)
K64 Sub-Family Reference Manual, Rev. 3, July 2017
12 NXP Semiconductors



Section number Title Page
LO.1 INEFOAUCTION. ...ttt ettt et b b e bbbt et e ettt eae e bt b e eae et e b sae s ne 375
LO.1.1 FRALULES ...ttt 375
16.1.2  MOA@S OF OPETALION. .....ecueiiieiiiitietietiet ettt ettt ettt et e st e e s et e bt s bt e bt es et e eaeeeseeneeeaee et estenbeemeenbeensesbeentenseans 376
16.1.3  BIOCK QIAZIAML..c..iiiiiiiiiiiiiiiieieet ettt ettt et sb et bttt s bt e bt e b e b e ee b e bt estesbeenteeae 377
16.2  LLWU SINAL AESCIIPIIOMNS. ....eeutieiiietieeiieette et eite sttt eit et e e ettt et e s bt e bt e sa bt e s btesabeebeeeabeenbeesabeesbeesabeenbaesabeenbaesaseenseenas 378
16.3  Memory map/regiSter defiNIION. ......c..ccueiiiiiiiiiiiieiire sttt sttt ettt be st beebe e 379
16.3.1 LLWU Pin Enable 1 register (LLWU_PED)....c..ccccciiiiiiiiiiiiiiiiiieteceeceeseee et 380
16.3.2 LLWU Pin Enable 2 register (LLWU_PE2)......ccccoiiiiiiiiiiee ettt st 381
16.3.3 LLWU Pin Enable 3 register (LLWU_PE3)........coiiiiiiiiiieieeeee et 382
16.3.4  LLWU Pin Enable 4 register (LLWU_PE4)......c.ccociiiiiiiiiiiiictceceetee ettt 383
16.3.5 LLWU Module Enable register (LLWU_ME).........cooiiiiiiiiiiiiiieeee ettt 384
16.3.6  LLWU Flag 1 register (LLWU_F 1) ...oouiiiiiie ettt ettt ettt 386
16.3.7  LLWU Flag 2 register (LLWU_F2)...cc.cooiiiiiiiiiiiieeieeeeet ettt sttt st 387
16.3.8°  LLWU Flag 3 register (LLWU_EF3)......cccciiiiiiiiiiieceeeeeee et 389
16.3.9  LLWU Pin Filter 1 register (LLWU_FILT1)...c.coioiiiiiiiinieirieereeneeentee ettt 391
16.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)....c...coiiiiiiiiiiiinee ettt e 392
16.3.11 LLWU Reset Enable register (LLWU_RST).....cooiiiiiiiiiieie ettt st 393
16.4  FUNCtioNal deSCIIPLION. ...c..euviuiiuieiieiiiiieitetteteste ettt ettt ettt ettt b s bt s st be s et ettt e e e st eueebe e bt sbe et e ebesaesaeanen 394
TO0.4.1  LLS MOME.....ciiiiiiiiieiiietinieereet ettt ettt ettt sttt sttt sttt ettt ettt e et st be e bttt sae et na et enenea 394
16.4.2  VLLS MOGES.....c.couiiiiiiiiiiciiecieeieert ettt et 394
16.4.3  INIHAIZATION. c..etiitiitieteeee ettt ettt s bt et e b et e e et e bt ea et e e st e bt eneeebeenbeeeeentesseenbeeneebesneebeennans 395
Chapter 17
Miscellaneous Control Module (MCM)
0 T U1 (0T 1117 510 ) 3 OO OO TSRS U RS PRU S PSRRRTO 397
17.1.1 FFRATUTES.....eieiii ettt ettt a bbb ettt 397
17.2  Memory map/TeZIStET AESCTIPIIOMNS. ¢ ..eeruvtetieriiietieeteetee sttt et e st e et e stteebeesaee s bt e satesabeesbteeabeebeeeabeenbeesabeenseesateenbeesnseenne 397
17.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)......cccciiiiiiiiiienieeseeceeee e 398
17.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMO)......cc.cccceviiniiniininienenieieerenieeeesieenne 398
17.2.3 Control RegiSter (IMCIM_CR)......uiiiiiiii ittt ettt st ettt e b e st e b e sabeebeesabeebeesaeeen 399

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 13




Section number Title Page
17.2.4  Interrupt Status Register (MCM_ISCR).......coceoriiiiiiiiiiieieeeteet ettt sttt 401
17.2.5 ETB Counter Control register (MCM_ETBCC)......cccuiiiiiiiiiieiiieieeitese ettt 404
17.2.6  ETB Reload register (MCM_ETBRL)........cootitiiiiiieiiee ettt 405
17.2.7 ETB Counter Value register (MCM_ETBOCNT)......cocooiiiiniiiiiiiieniteesteeeteeetete e 405
17.2.8 Process ID register (IMCM_PID)......coouiiiiiiiiiiiiiiteetee ettt ettt ettt ettt e i s 406

17.3  FUNCHONAL AESCIIPION. ...c.ttiutetieiieetiet ettt ettt et ettt s a ettt e bt e a et e st et e es e eheeaeeebeeneeea e e bt e aee bt emeeebeenseebeenbeeseenteeneenseenee 406
17.3.1 TIERITUPES. ..ottt et b et b et e h bbbt e bt e s et e st sbe et s bt et bt et bbb 406

Chapter 18
Crossbar Switch (AXBS)

I8.1  INFOAUCTION. ...ttt ettt et a e e bbbt et e ettt e st e b e b e eae et e b sae s esnene 409
I8.1.1  FRALULES ...ttt 409

18.2  Memory Map / Register DEfinition. ........ceouiiuieriiiieieiieieei ettt sttt see st et e bt et ese et eneesbeeneeneeenes 410
18.2.1 Priority Registers S1ave (AXBS_PRS)..c..couoiiiiiiiiiieee et 411
18.2.2 Control Register (AXBS_CRS)...couiiiiiiiieeie ettt ettt st st e esabeeaee 414
18.2.3  Master General Purpose Control Register (AXBS_MGPCR)........cocoviririninininiiiciciceeeeeeeeeeeceaes 415

18.3  FUNCHONAL DIESCIIPIION. ... etteutieiiiieeite ittt ettt ettt et et eb et s b e e bt e bt e bt e st e bt ea e ebees b e eb e e st e ebee bt ebtesaeeaeenbeeneenbean 416
18.3.1 GNETAL OPCTALION. ...cutteitieiieeteeitie ettt et ettt e stt e e bt e s bte e bt e atesabeessbeeabeesheeenbeensaeeabeesabesabeesabesnbeennseenseenaees 416
18.3.2  REZISIET CONBIEIICY ....cvitiiitititetetet ettt ettt ettt sttt et sttt et ettt et b e bt et bttt be e e b ae e ennenne 417
18.3.3  AIDIITAIION. ...eiiiiiiiiiieiiit ettt ettt et st s 417

18.4  Initialization/application INTOTMATION. .......evtiiriierieetie ittt ettt et ettt e st e eteesebe e bt e satesbeessbeeabeesabeenbeesaseenseenanenn 420

Chapter 19
Memory Protection Unit (MPU)

19.1 INErOQUCTION. ...ttt et s s b ettt e s e b e sa e b saesa b e ae s 423

L I O )< s 15 2SRRI 423
19.2.1 BIOCK QIAZIAIMN. ..ottt ettt ettt ettt eb et e bt a e eat e s bt et sb e e bt s bt e b bt e b 423
19.2.2 FRALULES ...ttt e b b et sttt 424

19.3  Memory map/regiSter defINTION. ......c..ccueiiieiiiiiitieiee ettt ettt st sttt ettt et be bt eae et ebe e 425
19.3.1 Control/Error Status Register (MPU_CESR)......cccociiiiiiiiiiiiiiieeeescee sttt 428
19.3.2 Error Address Register, slave port n (MPU_EARZ).......coviiiiiiiiiiiecieeeec et 429

K64 Sub-Family Reference Manual, Rev. 3, July 2017
14 NXP Semiconductors



Section number Title Page
19.3.3 Error Detail Register, slave port n (MPU_EDR)......ccccooiiiiniiiiiiiniiietciceeeetescee et 430
19.3.4  Region Descriptor n, Word O (MPU_RGD7_WORDO)........ccctiiiiiiiniiiiieieeteseeeeesiee et 431
19.3.5 Region Descriptor n, Word 1 (MPU_RGD7_WORDI)......cccciiiiiiiieiteiee ettt 432
19.3.6 Region Descriptor n, Word 2 (MPU_RGD7_WORD2).......cccoctiiiiiiiniiieneiieneeesieeesieete e 432
19.3.7 Region Descriptor n, Word 3 (MPU_RGD7z_WORD3)......ccccooiiiiiiiiieiieiieeieesee ettt 435
19.3.8  Region Descriptor Alternate Access Control n (MPU_RGDAACH).........cccoveviniieniiiiiniieneeiesecieees 436

19.4  FunCtional deSCIIPLION. ..c..cviuiiiiiieiiiiteiietietere ettt ettt et b ettt bbbt et s e st eaeebe e bt sbeebe et saesaeanen 438
194.1 Access eVAlUALION MACTO. ......c.ocuiiiiiiiiiiii ittt sttt ea e b sa s 438
19.4.2  Putting it all together and error termMINAtIONS. ..........cceiieriiiieririeiieeeteeeee ettt st 440
19.4.3  POWET MANAZEIMENL.....cc.eiuiiuiitititeteteteteteat ettt ett et sttt et st st e s e s et essestesteseeseeaeebeebeebesaesaeesessesaessensennennen 441

19.5  Initialization INFOrMATION. ........couiiiiiiiiiiiiiiei e sttt 441

19.6  Application INFOIMATION. ......cc.eoiiiriiiiiiiiieie ittt ettt sttt e a e b e et e s e et e et e e st e e e eanesaeeanesreennesuees 441

Chapter 20
Peripheral Bridge (AIPS-Lite)

20,1 TIETOQUCTION. ¢ttt ettt ettt ettt b et et e bt e ea bt e s bt e eat e e b e e eabe e bt e ea bt e bt e sab e e saeesat e e bt e easeeabeesabeeabeesabeebtesabeenbaesnneenne 445
20,101 FOALUIES..c.eititiiiieteee ettt sttt ettt ettt e a e bbb ettt b bttt ettt et ebe et ettt 445
20.1.2  GENETAL OPETATION. ..cutietieiuiieriieeitteste ettt ertteeteesateebeestteeateestaeeabeesseesabeesstessbeessseenseessseenseenseeenseenssesnseesnneenseens 445

20.2  Memory map/Te@iSter defiNItION. ......cc.eoueriirieiiiiiiietiee ettt sttt ettt et be et ebe b b 446
20.2.1  Master Privilege Register A (AIPSX_MPRA).......ooiiiiie e 447
20.2.2  Peripheral Access Control Register (AIPSX_PACRZ)........cocoeviiiiiiniiiiniiiniceeccecseeeese e 450
20.2.3 Peripheral Access Control Register (AIPSX_PACR)......c.coviiiiiiiiiiieiteeteceee et 456
20.2.4  Peripheral Access Control Register (AIPSX_PACRU)......ccccoiiiiiiiiiiieieeeeeeee e 460

20.3  FUNCHONAL AESCIIPIION. c..cuttiuteiiiiteeiteteeitet ettt ettt sttt ettt b e ee e bt e st e bt et eb e et s bt esbe e bt e s bt emte s bt esbesbeenbeebeenbeebeenaeeaee 462
20.3.1 AALCCESS SUPPOT L. utteneieeutteiteeiteentteesbeesttesateestteeateeshteeabeenstesabeesstesabeessteeabeessbeeaseeseeeabeenaeeenbeesabeenseesnseanseenarenn 462

Chapter 21
Direct Memory Access Multiplexer (DMAMUX)

211 INEEOQUCTION. c..cutiiiiiiiiiic e b b s a e s et e eb e ea e b b st 463
21.1.1 O VEIVIBW ....eeteeetete ettt et et et et et e e at e te e st et e ea e e eb e ea s e ebeem e e es e emeees e e bt emeeeaeemeeeheemseebeemseaseenteeneenteeneenseeneeeneensenes 463
210112 FRALUIES.....iiiiiiiieeee ettt e a bbb bbbttt ettt et eae e 464

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 15



Section number Title Page
21.1.3  MOAES OF OPETALION. ... .ceuviiiiniiiiiitieiteteeit ettt ettt ettt ettt et b ettt s bt et sbe et sbtenaeebtenbeesnenbeeanenbeens 464
21.2  EXternal SIZNAl AeSCIIPIION. .e.utiiuieiieeiteittette ettt ettt et e bt e et e bt e st e e satesa bt e sabeeabe e bbeeabeebeeeabeebtesabeesbbesaseenbaesaseebeean 465
21.3  Memory map/Te@IiSter AEIMItION. ......eo.uiitieiitietiet ettt ettt ettt sb ettt et e et et esee s bt entesaeeneesbeenaesbeennenaeans 465
21.3.1 Channel Configuration register (DMAMUX_CHCFEG)........ccccocteiiiiiniiieneeeneeesteeeeee e 466
214 FUNCHONAL AESCTIPLION. ...eeuutiiutieriieiiterite ettt ettt et e st eab e e sb b e e bt esb e e st e e satesabeesateeabeesbeeeabeebeesabeebeesabeessbesaseenssesnseenseeas 467
21.4.1 DMA channels with periodic triggering Capability..........cccoetererieririenieeiereee et 467
21.42  DMA channels with no triggering Capability.........cccoeoueriiriiriiniiieeie et 469
21.4.3 AIWays-enabled DIMA SOUICES. ....ccueeruiertiiniieeiteriteeteestte et estteebeesttesabeesbbesabeesbeesabeesstesabeesstesaseessbesnseenseens 470
21.5 Initialization/appliCation INTOITATION. ........eiutitirtieieiteete ettt ettt ettt et ettt esbe et e s bt ente e b e enbeebeenteeseenteeneeneeeneeneeenes 471
21.5.1 RESEL. ..t ettt et st 471
21.5.2  Enabling and CONfIGUITNZ SOUTCES. .....cccuutrrtieriieriieniteeteesite et e sttt ebtesiteebeesabeeteesabeesbeesateebeesabesbeesaseesseenanes 471
Chapter 22
Enhanced Direct Memory Access (eDMA)
22,1 INEEOQUCTION. ...ttt s b e s s et et 475
22.1.1 eDMA System bIOCK dIAGIAIMN. ....c..eoiitieieitiee ettt ettt sttt e st et e nbeenaenaeens 475
22,12 BLOCK PAITS..uttiuiiiiiiiitieteitt ettt ettt st ettt et b et b e e et b e et bttt e b e bt e atena e e bt nbe et sbeeabe b en 476
22,13 FRALULES ..ottt bbb et 477
22.2 MOAES OF OPETALION. .. ..e.eeeutiiuietteiieite ettt ettt ettt ettt et e eate st e eseesaeeaeesbeeseeebeea s e st enteeseemteeseanbeeaee bt emeeeaeeneesseensesneansesseans 478
22.3  Memory map/re@iSter AefINIION. .....ccuiruiiiiriiiiitiite ittt ettt ettt ettt ebe st b e et b ettt e e b 479
22.3.1 TICD INEIMIOTY .ttt ettt et ettt ettt et et e et e s bt e et e e bt e ea bt esbbeeabeesabeeabeeshbeenbee st e eabeesateeabeesateenseesnseanseanarean 479
22.3.2  TCD INTHAZATION. ...cutieiiitieiietieie ettt ettt ettt ettt ettt et e et e et e ea e e s bt emeesbeemeeebeembeaseanseeseanteeseenteeneenseenes 479
22.3.3  TCD SIIUCUIR......cuititiieieiieitetet ettt ettt ettt sttt ettt et e bt e a e ea et be s e st b ettt e st eseeueeaeeueebesuesaeas 479
22.3.4  Reserved memory and Dit fIEldS........ooueriuiiriiiiiiiiiii e 480
22.3.5 Control Register (DIMA_CR).....ouiiieitieieitiee ettt ettt sb et b et b et b et e e bt e te e s eteeneebeenee 491
22.3.6 Error Status Register (DIMA _ES)...c..ooiuiiiiiitiiete ettt ettt et s 494
22.3.7  Enable Request Register (DMA_ERQ).......ooiiiiiiiiiiiitiiteet ettt ettt ettt 496
22.3.8  Enable Error Interrupt Register (DMA_EEI.....c..cccoiiiiiiiiiiiiiiiieienesecteeereree et 498
22.3.9  Clear Enable Error Interrupt Register (DMA_CEEI)........ccocooiiiiiiiniiieniiicnteieeteeeeeeee e 501
22.3.10  Set Enable Error Interrupt Register (DMA_SEEI).......ccccooiiiiiiiiiiieeieeieeete et 502

K64 Sub-Family Reference Manual, Rev. 3, July 2017

16

NXP Semiconductors



Section number Title Page
22.3.11 Clear Enable Request Register (DMA_CERQ)......cc.cootiiiiriiriiniiiieientete sttt 502
22.3.12  Set Enable Request Register (DMA_SERQ).....cc.ciiiiiiiiiiiiieeieeteeeete ettt ettt s 503
22.3.13  Clear DONE Status Bit Register (DMA_CDNE)......cccoiiiiiiiiiiiieeetee ettt 504
22.3.14  Set START Bit Register (DMA_SSRT)...c..ccorieimiiiniirieirtciicietctetcteteseeteseee ettt sttt 505
22.3.15 Clear Error Register (DMA_CERR).......coouiiiiiiiiieeee ettt ettt ettt st e 506
22.3.16  Clear Interrupt Request Register (DIMA _CINT)......coouiiiiiiiiieieiieecee et 507
22.3.17 Interrupt Request Register (DMA_INT)....cccuoriiiiriiiiiiiiereeene ettt ettt st 508
22.3.18  Error Register (DMA_ERR).....ccciiiiiiiiiiieee ettt ettt ettt et e e sabees 510
22.3.19 Hardware Request Status Register (DMA_HRS)......cc.ccoiiiiiiiiiiiiecceeeeeee e 513
22.3.20 Channel n Priority Register (DMA_DCHPRIZ).......ccccooiiriiiiiniiiiiiiiitcctceeeeeee e 516
22.3.21 TCD Source Address (DMA_TCD7_SADDR).......cccouiiiiiiiiiiee e eeeaee e eeeaae e e eeanees 517
22.3.22 TCD Signed Source Address Offset (DMA_TCDn_SOFF)......cccooiiiiiiieieeeeet et 517
22.3.23 TCD Transfer Attributes (DMA_TCDA_ATTR).....ccuuiieiiieeie et et e 518
22.3.24  TCD Minor Byte Count (Minor Loop Mapping Disabled) (DMA_TCDn_NBYTES_MLNO,................. 519
22.3.25 TCD Signed Minor Loop Offset (Minor Loop Mapping Enabled and Offset Disabled)

22.3.26

22.3.27

22.3.28

22.3.29

22.3.30

22.3.31

22.3.32

22.3.33

22.3.34

(DMA_TCDn_NBYTES_MLOFENO).....c..cciiiiiitiiiiititeene sttt ettt s 520

TCD Signed Minor Loop Offset (Minor Loop Mapping and Offset Enabled)

(DMA_TCDn_NBYTES_MLOFEYES)......coiiiiiiicieeeeee et 521
TCD Last Source Address Adjustment (DMA_TCD7_SLAST).....coiiiirieirieeeere e 522
TCD Destination Address (DMA_TCD7_DADDR)........oooiiiiiiiiiiee oo e e 523
TCD Signed Destination Address Offset (DMA_TCD#n_DOFF)......cccccooiiiiiiiiiiieiieiieeeeeeeeseeseee 523

TCD Current Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_CITER_ELINKYES)....cittitiiiiriinicintcee ettt 524

TCD Current Minor Loop Link, Major Loop Count (Channel Linking Disabled)

(DMA_TCDn_CITER_ELINKNO).....cuuiiiitiieeeee et eeaae e e e e e eneeean 525
TCD Last Destination Address Adjustment/Scatter Gather Address (DMA_TCDn_DLASTSGA).......... 526
TCD Control and Status (DMA_TCDZ_CSR).....ccooiuiriieieeeeeie e eeere e e e et 527

TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_BITER_ELINKYES).....cooiiiiiiiiiiieectetetetetette sttt 529

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 17



Section number Title Page

22.3.35 TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking Disabled)

(DMA_TCD#n_BITER_ELINKNO).....ccoeiiiiiiiiiieiiricireieieeeietetee ettt 530

22,4 FUNCHONAL AESCIIPIION. c..c.teeutitieiteetiet ettt ettt ettt ettt e bt ee e e bt es e e bt es e e bt embeeheemeeeae e bt saeesbeemeeebeemeebeenteabeenseeseenseeneenneenee 531
22.4.1 €DMA basic data flOW........ccocciiiiiiiiiiii e e 531

22.4.2  Fault reporting and handIing...........cooueiiiiiiiiiiiii ettt st et e e e bb e e bt e bt e sbeesaeeeaee 534

22.4.3  Channel PrECIMPLION. ......eeuiiuieieiteeteetiete et et et et ett e bt esteeteeatesaeeseesaeetesheenseeseenbeeseenseessenseeneenseeneenseeneesneenees 537

2244 PErfOIMIANCE. .....coiiiiiiiieiiiiiciieit ettt ettt sttt ettt e eb e e 537

22.5 Initialization/application INTOTMATION. .......eeiuiiitiiiiieiie ittt st set e bt e st e b e s abe e bt esabeeabeesabeebeenaeen 541
22.5.1 EDMA TNIHAIIZATION. ...ttt ettt ettt ettt ettt e e s h e b e e st et e est e beea s e bt eneeebeeneeeseenaesneenneenean 541

22.5.2  PrOZIAMIMING @ITOTS. .c..eeueittetertteteetteteetteteettesteestesteestesteetesbtebeestesse et tenteeateeseentesbeentesstenbeestenbeemsenbeennenseens 543

22.5.3  Arbitration mode CONSIAEIALIONS........c.ccuiiiiiiiiiiiiiiiiii e e 544

22.5.4  Performing DIMA tranSTErS. ........couiiuiiiiieiiiieieett ettt ettt ettt ettt ettt esae et e be et e sbeentenneens 544

22.5.5  Monitoring transfer deSCIIPLOr STALUS. .....c..eertirtiriirieteeterteet ettt ettt ettt ettt ettt et eaee e 548

22.5.6  Channel LINKING.......coouiiiiiiiiiiieiie ettt ettt ettt sttt e st e bt e st e bt e e st e eabeesabeenbeesebeenbeesaseenbeesnneennes 550

22.577  DYNAMIC PrOZIAMITINE. ... eueetteueetteteetteteateeteesteteestenteeseeaseaneeaseensesseeseaseaseamseseensenseanseeseenseeseensesneenaeeneas 551

22.5.8  Suspend/resume a DMA channel with active hardware Service reqUestS..........couevuereererriereerieneerieneennens 555

Chapter 23
External Watchdog Monitor (EWM)

2301 INEOQUCTION. ..ttt ettt ettt et et eh bt b st b e s a e sa ettt et e e st eb et saeen e b saesnenene 557
23,101 FRALULES.....iiiiiiiieicc e bbb 557

23.1.2  MOA@S OF OPCIATION. ..cueiutieuiitieieeieete ettt et ettt et eet e bt eateeteeneesaeeaees e e beeseebeemeesbeemeesbeensesseenteeseenseeneenseens 558

23.1.3  BIOCK DIQZIAIMN. ..ttt ettt ettt ettt et eh bbbt bt na et 559

232 EWM SiZNAl DESCIIPLIONS. ....vteiutieiieritieriteettestte et estte st esttesate e bt e sateebtesabeebeesabeesbeesateeabeesaseenbeesabeeabeesaseenseessseenseenaeenn 560
23.3  Memory Map/RegiSter DEfiNitiON. ... ...co.ieiuiiieiiiieie ittt ettt ettt ettt et s et st e be e st e beesee b e eseenbeeneenaeenee 560
23.3.1 Control Register (EWM_CTRL).......ooiiiiiiiiiiiiititeeteeetee ettt sttt 560

23.3.2 Service Register (EWM_SERV ) .....cooiiiiiiiie ettt sttt st e 561

23.3.3  Compare Low Register (EWM_CMPL).........oooiiiiiiiiiieeeeet ettt 561

23.3.4  Compare High Register (EWM_CMPH)......ccccoiiiiiiiiiiiiiiiiiteceteeeeeeeeee et 562

234 FUNCUHONAL DESCIIPUON. . utiiuiiiiitieiieeitterite ettt ettt ettt et e s bt e et e e bt e e bt e bt e sab e e satesabe e bt e easeenbeesabeenbeesabeestesaseenbbesnseenne 563

K64 Sub-Family Reference Manual, Rev. 3, July 2017

18

NXP Semiconductors



Section number Title Page
23.4.1 The EWM_0OUE STZNAL...c..ciiiiiiiiiiieieee ettt ettt ettt ettt ettt et sbeeae bt enaeeaeen 563
2342 The EWML_IN SiZNAll...ciiiiiiiiiiiiiieee ettt 564
23.4.3  EWIM COUNLET....uitieitietieteet et ettt et st ettt et sa e et e e et e bt et ee bt eae e beemeeeheenteeaeenbesaeenbeemeenbeemtenbeentenseensenbeanteane 564
23.4.4  EWM COMPAre REZISIEIS. ...c.ueouiiiiriiitieiiitieteeteete sttt ettt ettt ettt ettt e st sbe e bt sbtesaesstesbeeasenbeeanenbeens 564
2345  EWM Refresh MEChaniSm.........c.cciiiiiiiiiiiiiiiiiiiii e s 565
2346 EWM INEEITUPL. ...cueeiieie ettt ettt ettt et sttt et e b s bt et e eb e et e es e e bt eneeebeenteeaeensesseenbesseenbeensenseas 565
Chapter 24
Watchdog Timer (WDOG)
B O Vi (0T L1 T (o) 3 OO OSSOSO SRR 567
242 FRALUIES ...ttt ettt ettt et et b e a e h b b s h bbbttt a e a e h e a e a e b b s sh e besa e s 567
24.3  FUNCHONAL OVEIVIBW... ..ottt bbbt ae e s eae e e 568
24.3.1  Unlocking and updating the WatChdOg..........cc.eeiiiiiiiiiiieiee ettt st 570
24.3.2  Watchdog configuration time (WECT)......coouiriiiiiiiiiriiieetceeteeeteet ettt sttt 571
24.3.3 Refreshing the WatChAOZ. ........eoviiiiiiiiieie ettt sttt st et st e sanesbee e 572
2434  Windowed MOde Of OPETALION. .....c..eeuiiieitieiieett ettt sttt sttt sttt e e et e bt et e bt et e sbeeseeseeeneesbeensennean 572
24.3.5  Watchdog disabled mode Of OPETation.........ccc.coeeriiiiriiiiniiicniectee ettt ettt 572
24.3.6  Low-pOWEr MOAES OF OPETALION. ....c..uiiriiiriiiiitierieetee ettt sttt ettt e sttt e st e st esbbe e bt esbbeeabeesbeesnbeesaeesateas 572
24.377  Debug MOAEs Of OPEIATION. ...c..iitieiiitieteetieteet ettt ettt et et eteseeete s bt etess e et e eseenbeeseenbeeneenbeeneeseeeneesaeenees 573
244 TeSting the WALCRAOZ.......coueiiiriiiiiiieete ettt ettt bbbttt ettt eat et e bt e s bt ea et saeenaesbeeaesbnenbesbnens 573
24.4.1 (011 Te] G L] PSSR USSR 574
24,42 BYLE 1St uieuiiitieteeiie ettt et ettt eh et a e bt et e e he et e e bt e et e b e eateeh e ea b e eh e en bt en e et e eneeeheea et eheenteeneebeebeenneennens 574
24.5  BACKUP IESEE ZEMNEIALOT. .. .eeutiiteutiittenieiiteteeit et ettt ettt et e ete et ebe e bt s aeesbe e st esbeesbesbeeabe bt eate e bt eabeeb e et e ebee bt ebeesbeentesbeensenbean 576
24.6  Generated reSELS ANA TNLETTUPLS. ....eeruiertieriteeieetie ettt te st et e ettt e bt e ettt ebeesate e bt e subeeabeesbeeeabeesaeesabeesabesabeessbesaseenbaesnseensees 576
247  Memory map and re@ister deTINITION. .......ocuiiuiiiiiiete ettt ettt ettt et st e b e e bt e be e be et ese et e ese e beeneeneeenee 577
24.7.1 Watchdog Status and Control Register High (WDOG_STCTRLH)........cccccooininiininiininicneerceeieene 578
24.7.2  Watchdog Status and Control Register Low (WDOG_STCTRLL)......cccccevoiiiiiiiniiiiiinieeieeieeieenieeieee 579
24.7.3  Watchdog Time-out Value Register High (WDOG_TOVALH).......cccccoeiiiiiiiiiiieeeeeeee e 580
2474  Watchdog Time-out Value Register Low (WDOG_TOVALL).....cc.ccccoriiniriininiineeicnieceneeeieereeeeene 580
24.7.5  Watchdog Window Register High (WDOG_WINH).......ccociiiiiiiiiiiiiiiieeeeee e 581

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 19




Section number Title Page
247.6  Watchdog Window Register Low (WDOG_WINL)......cccccociriimiiiiniiieniiienteieetesiceteseeee e 581
24.7.7  Watchdog Refresh register (WDOG_REFRESH)........cocciiiiiiiiiiiiiiiieceeceeeee et 582
24.7.8  Watchdog Unlock register (WDOG_UNLOCK).......cceiiiiiiiaiiiieieeiee ettt e 582
2479  Watchdog Timer Output Register High (WDOG_TMROUTH).......c.cccceeviiniiniiniiiiniiiiniciceienceeeseeee 582
24.7.10  Watchdog Timer Output Register Low (WDOG_TMROUTL).....cccccoiiiriiiiiiniiiiienieeeeieeieeieeee 583
24.7.11 Watchdog Reset Count register (WDOG_RSTCNT)......ccieiiiiiiiiieeieeiesieeee et 583
24.7.12  Watchdog Prescaler register (WDOG_PRESC)......cccccoiiiimiiiiniiiinitcienitcicsteeeteeeteseete e 583

24.8  Watchdog operation With 8-Dit ACCESS.....cccutiiiiiriieiiieiieeit ettt ettt e b e st et e sabeesbte st e e bt e sabeebeesnbeebee e 584
24.8.1 (€531 1o 21 e 1T 1<) U T OO SOOI 584
24.8.2  Refresh and unlock operations With 8-Dit ACCESS.......coueriiriiriiriiriiiiinietese ettt 584

24.9  Restrictions 0N WatChAOZ OPETALION. ........eeuiiiuiiiiiiiie ettt ettt ettt ettt sab e sate et e e bt e saee e beesabeebeesabeenseesaseenseesnneenne 585

Chapter 25
Multipurpose Clock Generator (MCG)

25.1  INEFOQUCTION. c..c.eiiiiiiiiiicic bbb s 589
25.1.1 FEALTUTES. ...ttt ettt et e s bt e bt e e bt e e bt e sate st e e s bt e e bt e nbbeebeenaeeens 589
25.1.2  MOA@S OF OPCIATION. ...c..tiutieiiiiieiteittete ettt ettt ettt ettt ettt et sb et sbe et s bt e bt s st e nbe e st e bt eebesbeeabesbe et e ebeeneenne 593

25.2  EXternal Signal DESCIIPION. ...cc.ueitiiitiiiieeiie ittt ettt ettt et sttt e st esbte e bt ebaesabeeabeesabeesseesabeesbtesabeebaesnseenseenns 593

25.3  Memory Map/RegiSter DEfiNitiON........ccociririiriiiiriiniiicieee ettt sttt ettt ettt s 593
25.3.1 MCG Control 1 RegiSter (IMCG_C1)..ccuuiiiiiiiiieiiiiieieeieet ettt ettt et 594
25.3.2 MCG Control 2 Re@ister (IMCG_C2)..c..uiiiiiiiiiiieiteeie ettt sttt sttt ettt et e st e bee st esbeesareenns 595
25.3.3 MCG Control 3 Register (IMCG_C3)...couiiiieiiiiieieeiiete ettt sttt sttt b et e st eneeeae s 596
25.3.4 MCG Control 4 RegiSter (IMCG_C4A).....ooiuiiiiiieiinieeiieitett ettt ettt ettt et s 597
25.3.5 MCG Control 5 Re@ister (IMCG_CS)..ccuuiiiiiiiiiiiieiteeie ettt sttt ettt sttt et ettt e b e sareenes 598
25.3.6 MCG Control 6 RegiSter (IMCG_CO).....c.uirieiieieiieieeit ettt ettt ettt ettt et see et see e e et eaesseeaesnnans 599
25.3.7 MCG Status Re@ister (IMCG_S)....couviriieiiriieieriteie sttt ettt ettt sttt st sbe e sbeeabenbeeanenieeas 601
25.3.8 MCG Status and Control RegiSter (IMCG_SC)....uuiiiiiiiiiiiiiieeieeiteee ettt ettt 602
25.3.9  MCG Auto Trim Compare Value High Register (MCG_ATCVH).......ccccciniriiiiiiiiiiiininieeneseeeneene 604
25.3.10 MCG Auto Trim Compare Value Low Register (MCG_ATCVL).....ccccoviiviimiininiiniiicneeicnecieseeienens 604
25.3.11 MCG Control 7 RegiSter (IMCG_CT)....coueuirieiiriciirieieieieieteieeeieeee ettt 604

K64 Sub-Family Reference Manual, Rev. 3, July 2017

20

NXP Semiconductors



Section number Title Page
25.3.12  MCG Control 8 RegiSter (IMCG_C8).....cuiriiiiriiriiiiirieiienitetesit ettt ettt ettt et ettt st ae s nesanens 605
25.3.13 MCG Control 12 Register (IMCG_CL2).....cc.coiriiiriiiriiieiiieieeeieeeeseeeeeese et 606
25.3.13  MCG Status 2 RegiSter (IMCGL_S2).....eoueeiiiieieeeei ettt ettt ettt et sttt sbe et eae e teeseenaeenee 606
25.3.13  MCG Test 3 Re@iSter (IMCG_T3)....ccuuiiiiiiiiiieiieiteeetesteete ettt sttt ettt sb et sae e s 607

254 FUNCUHONAL AESCTIPLION. ...eeuuiiiitiiiieeiteiite ettt ettt et e st ea e e st e e et e e bt e et e e shtesabeesabeeabe e bbeeabeebeeeabeesbtesabeessbesabeenbaeenseenseean 607
25.4.1  MCG MOdE StAtE AIAZIAIMN. ....cuueeuietienieitieie ettt ettt ettt et e bt et e et e eeeeaee bt eaee bt esee bt en b e sbeenbeeseenteeseenseeneenaeeneas 607
2542 LOW-POWET DIt USAZE...ccuveoueemtirieiieeitenteeitestt et sttt st et et et ebt et e aeesae e bt e s bt eatesaeestesbeesbesbeesbesbeentesbeenbeebeenaeenee 611
2543  MCG Internal Reference CIOCKS..........cociiiiiiiiiiiiiiii e 612
25.4.4  External Reference CLOCK........c.ooiiiiiiiiiiiieeee ettt sttt et beenaenaens 612
25.4.5  MCG Fixed Frequency CIOCK .......coiiiiriiiiiiiiiiieent ettt ettt sttt et 613
254.6  MOG PLL CLOCK ..ottt sttt 613
25477 MCG AULO TRIM (ATM) ..ottt ettt ettt eaes 613

25.5 Initialization / Application INfOrMALION. ........coouiriiriiiiiiiriteeet ettt ettt sttt sb et be e sae e 615
25.5.1 MCG module initialiZAtion SEQUENCE.....cc.eirrierieeriieeiteeieestte et etee st ertee sttt esbtesateebeessbesabeessbeeseesaseenseesaees 615
25.5.2  UsiNg @ 32.768 KHZ FEIEIEINCE. .....ccueeutiiieiietieie ettt ettt ettt e e bt et sae et e sbeeseesbeeneenaeas 617
2553 MOCG MOAE SWILCHINE. c..ceutiriiiiiiiiiiiiiteteet ettt ettt et ettt b et b et b et sbe et saeenaesaeenaes 618

Chapter 26
Oscillator (OSC)

261 INEFOQUCTION. c...uiiiiietitiite ettt et ettt et b bt b eh bbbt s ettt et eaeeb e enesa e b e b saesnenene 627

26.2  Features and MOAES...........ccoiiiiiiiiiiiii e s 627

20.3  BIOCK DIAGIAIMN. ...ttt ettt ettt ettt et e bt e ae e bt e st e e bt es e e ebeeaeeeb e ea b e bt ea b e e b e en b e eb e enbeehe e bt en e e bt et e nbeeneennes 628

260.4  OSC SiZNAL DESCIIPHONS. . ..eeutittenteriiiteeiteste ettt ettt ettt ettt et sa e te s bt e bt s bt e sbeee s e bt ees e bt ea b et e eateebeestesbeentesaeeneesbeenaesaeen 628

26.5 External Crystal / ReSONAtOr COMMECHIONS. ...ccuutitiiriieriieeieeitteeieeite et e stte st stte et esbaesabe e beesabeesseesateesbtesaseenbaesnseenseenas 629

26.6  EXternal ClOCK CONMMECTIONS. .......eoutitiitiriietietiete ettt e ettt e et e e steetesaeeaaesheeateebeenbeeseenbees e e teeseebeeneenbeeneesaeeneesbeensennean 630

26.7  Memory Map/RegiSter DefiNItiONS. ....c..couiriiiiiiiieiieieeit ettt sttt ettt et sb et sbe et st nae e 631
26.7.1 OSC Memory Map/RegiSter DefINitiOn. ......ccueiviiiiiiiiiiiieiieeie ettt ettt 631

260.8  FUNCHONAL DIESCIIPIION. .. .eutitieiteitieie ettt ettt ettt et et e bt e ae et e e aeesbe e s eesbeeseesbeeabebeemteebeenteeseenseenee bt emeenbeemtesaeeneennean 632
26.8.1 OSC MOAUIE SEALES. ......eeuiiiiiiiiiiieitiieiec ettt ettt et ettt 632
26.8.2  OSC mOdUIE MOAES.......cooiiiiiiiiiiiiiiiiiiiii et 634

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 21



Section number Title Page
20.8.3  COUNTET....uiiiiiieiiiieee ettt b bbb b a ettt et ettt b s sa b 636
26.8.4  Reference CloCK Pin TEQUITEIMEIIES. .. ..eeutiitieriiertierite ettt et ettt e st e et esiteebee sttt ebeesateebeesabesbeesaseenseesanes 636
B T B UG SO OSSPSR 636
26.10 LOW POWET MOAES OPETALION. ..c...eveemeiritertiritenteeitentteiteeteeteete et etteteeaeesteestesbeestesbeeasesbeestesbeestesbeesbeebeebeentesbeentesbeensenaeen 637
20. 11T TIEETTUPLS. .eeuvteeuteeiie ettt ettt ettt et ettt et e s a b et e s bt e eab e e sae e e bt e eabeeabeesabeeabeesa b e e bt e ea st eab b e eabeeabeesabeeabeesate e st e enbeenbaesnbeenbees 637
Chapter 27
RTC Oscillator (OSC32K)
271 INEEOQUCTION. ...ttt s b e s d e a e ea e nesb e s aea e 639
27.1.1 Features and IMOAES. .........ooiiiiiieieeeee ettt ettt b et b et b et ea et e st e bt et e bt et sneeaeaaean 639
27.1.2  BIOCK DIAZIAIMN. c..cotiiiiiiiiiiiiiiie ittt sttt bttt et sb et b e bbbt eb et ebt e bt et e st e 639
27.2  RTC Si@NAl DESCIIPUOMS. ...ceuutiiutieiieeitteniteeie ettt et estte et estte st e esttesate e beeeabeebeesabeebtesateebeesaseenbeesabeeabeesabeenseesaseeseenanenn 640
27.2.1  EXTAL32 — OSCIUIAtOr INPUL....c.eiiuiiiieiiitieeeeee ettt et st ae st sbeeseesbeestesbeennesbens 640
27.2.2  XTAL32 — OSCIIAtOr OULPUL.....couiiiiiiiriietieiteteeiteteeite sttt sttt et sttt ettt sttt b s e bt estesbeeaeesaeenaes 640
27.3  EXternal Crystal COMMECTIONS. ....ccc.utiitiiriieitieriteeteerite ettt et ettt ebe e st e et e sate e bt e sttt eabeeesbeesbeesabeenseesaseenseesaseebeesabeeseens 641
27.4  Memory Map/RegiSter DESCIIPIIONS. .. .ceueruietieiteitieiteeteete et et et et st e bt et esbeestesbeeaee bt enteebeenteeseeneeeseensesseenbeeneesseensennean 641
27.5  FUNCHONAL DESCIIPIION. c..ceutitieitiiieiteetiete ettt ettt ettt ettt b et ettt eb et e st et e bt e sb e e st e s bt emtesbeenbesbtenbesbeebesanentens 641
27.60 RESEE OVEIVIEW ..ottt a e st a e e bbb b s s a b 642
B0 I 11 (<) 4 4 L] £SO 642
Chapter 28
Flash Memory Controller (FMC)
281 IITOAUCTION. ¢ttt ettt ettt ettt b e et et e st e e teea et e et e et e et e be e et e bt es e e bt embe bt emte bt emteeseeneeenee bt emeenbeemeesaeeneennean 643
2811 OVEIVIBW..ouitinitiietiieiieei ettt ettt ettt ettt st b et b et bbb bt et n bbbt ne 643
28.1.2  FRALULES.....iiiiiiiiiicic e bbb 644
28.2  MOAES OF OPETALION. .. ..e.eieutiiuietieiieite ettt ettt ettt ettt et e et e bt eatesbeeaee s bt esteebeemseebeenteeseenteeaeenbeeaee bt emeesaeeneesbeenseaneensesseans 644
28.3  External Signal deSCIIPLION. .....cccutitiriiiiirtiiterteeitert ettt ettt ettt ettt et sb et bt et s bt e e s bt et e bt et e ebe e bt ebaesbeentesbeenaesueen 644
28.4 Memory map and re@iStEr AESCIIPIIOMS. ...eeuvteruttitieriieitteite ettt e et et e et et e st e e sbtesabe e bt e eabeebeesabeenbeesabeenstesabeenbeesnneenne 645
28.4.1 Flash Access Protection Register (FMC_PFAPR)........cccooiiiiiiiiiiieee e 648
28.4.2  Flash Bank 0 Control Register (FMC_PFBOCR)......c..cccueiiiiiiiiiiiiniiieneeeseeeesie ettt 651
28.4.3 Flash Bank 1 Control Register (FMC_PFBICR).....cc.coiiiiiiiiiiiiieieeieeceeeee et 654

K64 Sub-Family Reference Manual, Rev. 3, July 2017

22

NXP Semiconductors



Section number Title Page
28.4.4  Cache Tag Storage (FMC_TAGVDWOSI)...cc.cooutriiiiiiinteteneete sttt ettt 656
28.4.5 Cache Tag Storage (FMC_TAGVDW LISI)..ccuuiiiiiiiieiteeit ettt ettt sttt st 657
28.4.6  Cache Tag Storage (FMC_TAGVDW2SI)...c..couiiiiiiieiiieieteteiteteeetese sttt ettt 658
28.47  Cache Tag Storage (FMC_TAGVDW3S7)...ccutiiiiiiiieieieeeneee ettt 659
28.4.8 Cache Data Storage (upper word) (FMC_DATAWOSIU).....cooiiiiiiiiieniiieieerie ettt 659
28.4.9 Cache Data Storage (lower word) (FMC_DATAWOSHL).....cocutiiiiiiiiieiieee et 660
28.4.10 Cache Data Storage (upper word) (FMC_DATAW IISAU)....ccoiiiiiiiieiiiieeeeet et 660
28.4.11 Cache Data Storage (lower word) (FMC_DATAW ISAL)....ccccooiriiiniiriiiiienicieeteieeeeseete e 661
28.4.12  Cache Data Storage (upper word) (FMC_DATAW2SAU)....cccciiiiiiiiiiieiieeese et 661
28.4.13  Cache Data Storage (lower word) (FMC_DATAW2SHL).....ceoiiiiiiieeeeeeeeee e 662
28.4.14  Cache Data Storage (upper word) (FMC_DATAW3SAU)....cccoiiiiiiieienieieneeeeeteeere et 662
28.4.15 Cache Data Storage (lower word) (FMC_DATAW3SHL)...cccviiiiiiiiiiieieetete et 663

28.5  FUNCHONA] AESCIIPLION. c..c.eutiiieuieiieiieiieitettete ettt ettt ettt ettt ettt b et sa et et saesa et et et e e et eatene bt ebeeaeebeebesaeseenen 663
28.5.1 Default CONTIGUIAION. ......cuiitiiiiiieieieeee ettt ettt ettt sa e et sb e et s bt et b e et e ebe et eebeenee 663
28.5.2  CONTIGUIAION OPLIONS. ..cuutiiutieriieetieriteetteriteetee sttt eteesitesabeesateeabeesteeeabeesaeesabeesseesabeesssesnseensaeenseenssesabeenseesnses 664
28.5.3  WaAIE SEALES..eeueetieieetieteet ettt et e it et e et e e e et e e eees e e be e st et e e s e et e ea e et e en e e st en e e ehe e st eae e bt ente bt enteneente st enteeneenteene 664
28.5.4  SPECULALIVE TEAGS. .ceuveuieniiiiietieiteie ettt ettt ettt et b et b et b e st e bt e st eb e et e e bt e bt eatenbeembesbeesaesbeennenanens 665

28.6 Initialization and application INFOTMAION. .......c.eeriiiitierieeieerite ettt st et e et et e ebeesbeesbeesatesabeessbesabeenssesnseenseenn 666

Chapter 29
Flash Memory Module (FTFE)

29,1 INEEOQUCTION. ...ttt e bbb s e e s ettt et ea s ea e b b s b sae s 667
29.1.1 FRALUTES. ...ttt ettt e s ht e et e s bt e e bt e eh et et e e e st e et e esba e e bt e nbaeebeenaeeea 668
20.1.2  BIOCK QIAZIAMIL ...ueiiiiiiiiiiiiietieteet ettt ettt ettt et h e st s bt et e s bt e bt e st e bt eb s e bt es b e bt entenbeente et 670
29.1.3 GLOSSATY ..ttt ettt ettt ettt et ettt et e bt et et e e sa bt e s ateeab e e bt e eab e e bt e s ab e e bt e ea bt e h b e eab e e bte et e e bt e et e e neeenbeesabeenteenn 671

29.2  EXternal SiZNal AESCIIPIION. .....eueutiuiiiriiitieterterteet ettt ettt ettt ettt b ettt sa et et sbe e et et et eseeateatebeebeebesuesaeebesbenaennen 673

20.3  MemOTrY MAP ANA TEZISTETS. c..eeutieutitieuterttete ittt sttt et eteett et ett e bt ette bt estesbeeate st e estesbeestesbeenbeabeenbeebeenbeeba et e estenseeseeneeenee 673
29.3.1 Flash configuration field deSCTIPLION.........coviiriiiiiieiieiie ettt ettt et e e st e e e e nane s 673
29.3.2  Program flash O TFR MaP.....c..coiiiririiiiiiiiiicieeteec ettt ettt sttt 674
29.3.3  Data flash O TFR MAP..c...cuiiiiiiiieiieeitee ettt et sttt sttt et b e st sb e ea e s bt et eb e e bt saeenaeenees 675

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 23



Section number Title Page
20.3.4  ReZISIET AESCIIPLIONS. c..evtiutietiiiieitite ettt sttt sttt ettt ettt et et e st e e bt es bt sbee bt sbeebe s bt esbesabenbeeene bt ensenbeennenne 677

204 FUNCHONAL DIESCIIPUON. 1. utteutiiiitieiiteeiit ettt ettt ettt et s bt et e e bt e e bt e bt e sab e e sabesab e e bt e easeeabeesabeenbeesabeenseesabeenbbesnseenne 690
29.4.1  Program flash MEMOTY SWaAD.......ccccciriririiiiinientcteet ettt ettt sttt ettt ebe e saenes 690
29.4.2  Flash PrOtECHON. ....ccuiiuiiiiiiiiciiiciec et sttt 690
20.4.3  FIEXNVM DESCTIPLON. ...cccuiiiutiiiieitieniieeitt ettt ettt ettt sttt s bt e s bt e et e e bt e sabe e bt e sabeesatesate e btesaseebeesabeeseenas 693
2044 INEETTUPES...cuiiiiiiiieie ettt ettt et a e s a e sa e e e s h e s a e et e e a e et eae et e e s e b e e sa e e s 697
29.4.5  Flash Operation in LOW-POWET MOAES.......cc.cocuiriiriiriiiiiniieiineeiesetee sttt ettt 698
20.4.6  Functional MOdes Of OPEIALION. .......eiuiiriiiriiiiiieeit ettt sttt ettt et e et e bt e st e et esateebeesaeesnbeesaaeennes 698
29.4.7  Flash memory reads and iZNOTEA WITES........cc.ecuerririerieieiiiiiine ettt ettt ettt ettt e sa e 698
29.4.8 Read While WITEE (RW W) ...eeiiiiiiiiieeiee ettt e ettt e e e et e e e eetaae e e e eenaaeeeeeeenaaaeeeeeens 699
20.4.9  Flash Program and EIase..........cccceoouioiiiiiiiiniiieiiiiee ettt ettt sttt ettt e st be e s e e bt e sabeeaee e 699
29.4.10  FTFE Command OPEIaAtIONS.........cceuteueruirtinreriertentetentetetetententesteseeseesessesuessessessessessesensensensensenseneeeeneesens 699
29.4.11  Margin Read COmMMANAS..........coouiriiriiiiiniiienieeteeet ettt ettt sttt ettt s bbbt et sbe et ebeeeeeae 707
29.4.12  Flash comMMAand dESCIIPLIONS. ...cc.utiiutietieriieetieeite et ettt st et e sttt bt e sttt e bt e sabeebeesabe e bt e sateebeessseebeesaseenbeens 708
204,13 SECUIILY . ..evitirtitetet ettt ettt ettt ettt ettt ea e bt be e ae bt bt s bt e et s se ettt eaeeateatebeebeebenbesaenen 737

20.5  RESEE SEQUEICE. ....eeutiieeutiitete ettt ettt ettt ettt ettt ea et eat e s bt e st sbtemtesb e e bt s bt e bt eb s e bt e bt et e eb b et e ebt e bt ebtesbeentesbeentesbeenaenaeen 740

Chapter 30
EzPort

B0.1  OVEIVIBW...uiiiiiiiiictiiecte ettt ettt et et ettt e he e h e b s a e s h b b et s ettt et ea e bt s e n e s sa e ene 741
30.1.1 BIOCK QIAGTAIMN...c.iiiiiiiiieeieeeee ettt ettt st e bt st e s et e e st e e s bt e eabe e bt e sabeesaeesabeesabesaneens 741
30,12 FAIUIES. c..eeeuteeiie ettt ettt e b e et b e s a bt e bt e e et e bt e e st e e b et ea bt e bt e et e e bt e e et e e b et et e e nbe e eabe e beenareas 742
30.1.3  MOAES OF OPETALION. ....cutiiiiiiitiiieeiiete ettt ettt ettt ettt et eb et ebt e et et e sbe et sbe et e sbe et e s bt et e ebeebeesaebeenee 742

30.2  EXternal SigNal deSCTIPLIONS. .....eevuuiitieriiieiterite ettt et ettt et ettt eb e e sttt e bt esae e et e e sateeabeeshbesabeesbbesabeebeesabeesstesabeenabesaseensee 743
30.2.1  EzZPort ClOCK (EZP_CK)....oviiuirieiiiieiinieisieieiet ettt ettt ettt ettt 743
30.2.2  EzPort Chip Select (EZP_CS)....coioiiiiiiieiinieinieeneetrectret ettt ettt sttt eaenee 744
30.2.3 EzPort Serial Data In (EZP_DD)........uvviiiiieiee ettt e e et e e e e etaae e e e e eeaaaaeeeeenns 744
30.2.4  EzPort Serial Data Out (EZP_Q)....ccuei ittt e et eaae s 744

30.3  Command defINITION.........ccuiiiiiiiiiiiiiie ettt sttt ettt et 744
30.3.1 COMMANA AESCIIPLIOMS  ..ceuttteutieiieeitee st ettt et e e et e st e st esbteeabe e bt e e st e eabeesabeesbeesabeebeesabeebtessbesabeesanesnseenns 745

K64 Sub-Family Reference Manual, Rev. 3, July 2017
24 NXP Semiconductors



Section number Title Page
30.4  Flash memory map fOr EZPOIT CCESS. ... c..eitiriiiiiriiiieriteieet ettt sttt ettt ettt et b ettt sb et sae e 755
Chapter 31
External Bus Interface (FlexBus)

311 INEFOQUCTION. c.tiiiiictiiccte sttt et e b b s a e et b e s b e st s e ettt eae bt e s sa e b e b saesn b ene 757

3111 DEIIItION. c.eiiiiciiiiiieicieteeet ettt ns 757
) I I 1cY: 1111 (1O USRS 757
312 SIZNAL AESCIIPIIONS. c. ettt ettt ettt ettt et b ettt et ea et e st e sb et sb e et she e bt e bt e bt eebe bt eabesb e et e ebee bt eatenbeemeenaes 758
31.3  Memory Map/Register DEfINItioN. ........coouiiiiiiiiiiiiiiiieeieeiee ettt ettt ettt st e st et e sabeebeesane s 760
31.3.1 Chip Select Address Register (FB_CSARI)....cc.voiuiiiiiieeeeee et 761
31.3.2  Chip Select Mask Register (FB_CSMRIZ).......couiriiiiriiiiniietetecteesit ettt sttt 762
31.3.3 Chip Select Control Register (FB_CSCRI)......coiiiiiiiiiiiiiecieeie ettt s 763
31.3.4  Chip Select port Multiplexing Control Register (FB_CSPMOCR).........c.ccccoeririinineniiiiieieieeeceeeenenens 766
31,4 FUNCHIONAL AESCIIPLION. ..c..eiutiiieitietiete ittt ettt ettt ettt e a et e at e s bt e st s bt e st e s bt eab e s bt et e bt et e eb e et e ebee bt entesbeentesbeensesnean 767
314.1 USE CASES ...ttt bbb a et st 767
31,42 AdAIeSS COMPATISON. . .cuiiuiiuirtietinterienteteteteteatet et eat et eteeteebeseeste et esae st e s e s et eseeasesteneebeebeeuteaeebesbeseesesenseneen 768
31.4.3  Address driven on address DUS..........coueoieiiieiiiiiieieieieec sttt st s 768
31.44  Connecting address/data lINES..........coueiruieiiieriieiit ettt ettt et e st e e bt e sabe e bt e sibe e bt esabesbeesaneenne 768
3145 BIEOTAEIING . .cvititiiiteiet ettt ettt ettt ettt b bt bt et be s b ettt et et e st ene bt bt euenes 769
31.4.6  Data transfer SIZNALS......cocueviiiiiiiieiieteet ettt ettt ettt st nae et sbe et e b s 769
31.4.7 STENAL TTANSTHOMS. ¢...eeitieiiie ettt ettt ettt et e s bt e s bt e st e ebee e st e eabeesabeestesabeessbesabeebbeenbeeseesnbeenaeesares 769
31.4.8  Data-byte alignment and physical CONNECHIONS. ......c..ccvririririririrenentetetentetet ettt ettt re e seens 769
31.49  Address/data bus MUIIPIEXING.....ccueriiriirieriieietteeee ettt ettt ettt et sbe e sbeenaesbean 771
31.4.10  Data transfer STAES. .......cccviiiiiiiiiitiieiie et s 772
31.4.11  FlexBus Timing EXAMPLES.......ccccoiriririiriiniiieieieecieee ettt ettt ettt st s s nne e 773
B1iA 12 BUISE CYCLES ettt ettt et e h e bt et b e e st b e et e s bt e st e bt e st eb e en bt e bt et ebe et eatenbe e e e naes 792
31.4.13 Extended Transfer Start/Address Latch Enable.............cccccccooiiiiiiiiiiiiiiiiccccccce 801
31414 BUS ITOTS. ceuuttittieiteeite ettt ettt et sat et e e st e bt e sab e e bt e sat e e bt e es bt e bt e eabeeab et sab e e bt e s abeeebeeeateenbaeeabeebeesabeenneesatean 802
31.5 Initialization/Application INFOrMALION. ......c..cooiiiiiiiiiiiieii ettt sttt 803
31.5.1 TNIHANZING @ CRIP-SEIECT. .. tieiieiiieite ettt ettt e et e bt e s beesatesabeesstesaneens 803

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 25




Section number Title Page

31.5.2  Reconfiguring @ ChiP-SEIECT......c.eiiiiiiiiiiiieti ettt ettt ettt e e es 803
Chapter 32
Cyclic Redundancy Check (CRC)

32,1 INEFOQUCTION. c.tiiiiititecte sttt ettt et b b b et b e s a e s bt s ettt et ebeebe et sa e e b e b e sn b ne 805
32101 FRALUIES. ...ttt b et 805
32.1.2  BIOCK QIAZIAIM......etieiiiiiieie ettt ettt ettt et e a e bt e a e sa e e st e s bt e st e e b e em b e ebeen b e eseen b e ese et e eneebeeneenaeeneenaes 805
32.1.3  MOAES Of OPETALION. ....cutiiiiiiitiiie ettt ettt ettt ettt ettt et b et bt e s et et esbe et sbe et e sbe e b e sbt et e ebee bt eseebeenee 806

32.2  Memory map and r€ZISLET AESCTIPLIONS. . c..veetteriiiiiieriteeteeette et e st et e sbt e et e ebeesabeesttesabeesbeesateebtesaseebeesabeenbeesaseeseenanes 806
32.2.1 CRC Data register (CRC_DATA) ... ittt ettt ettt ettt et e st e e e saeenteseeenaeenean 807
32.2.2  CRC Polynomial register (CRC_GPOLY )...cc.ootiriiiiiniiiiniiieiiteiesiteesit ettt sttt 808
32.2.3 CRC Control 1egiSter (CRC_CTRL)......eiiiiiiieiieiiteieeee sttt sttt ettt sbt e st e saaesaee s 808

32.3  FUNCHONAL AESCIIPIION. ..ttt ettt ettt sttt ettt ettt b e bbbt sa et b e s a et et e e et easestebeebeebesbesaeebesbesaens 809
32.3.1 CRC initialization/relnitialiZatION. ..........coueiiiiiiiiiiiiiiei et 809
3232 CRC CAlCUIALONS. ... .oviiiiiiiiiicicicc e s 810
3233 TTANSPOSE FEALUIE. ....cuitieiie ettt ettt ettt a et e a et e e st e s bt e et e et e st e sbeentesbeente b e enbeebeeneeeneenes 811
32.3.4  CRC 1€SUIt COMPIEIMENL.....euiiniiiiiiiieiieitieiteet ettt ettt ettt ettt et be et bt et s bt et e st e et e bt et ebeenbeeaeesaeeneenaee 813

Chapter 33
Cryptographic Acceleration Unit (CAU)

3301 INEFOQUCTION. c..eiiii ettt ettt et e b b s a e ee bbbttt et et eae bt e aesa e b b saesn e ne 815

332 CAU BIOCK DIAGIAM.....eiiiiiiiiiiiiieiieeeteete ettt et e sttt e b e sat e et e st e et e e sh bt eabeesat e e bt e ebbeeabeesabeeabeesabeenseenanean 815

R I B 0 )< 15 ()2 OO OO OSSR UT SRR UTURRPRRRPON 817

3314 FRALUIES......ouiiiiiiiiiieiieiie ettt a e a bbb ettt eh bt h e h e bbb sa e b e 818

33.5 Memory map/RegiSter AefIMItION. . ...eiiutiiieiitieiieetie ittt ettt sttt et e s bt et e e sbe e s bt e satesabe e s st e eabeesbbesnseenaees 818
33.5.1 Status Register (CAU_CASR). ..ottt ettt ettt et b et e bt sbe e aeeneeeae 820
335.2 AccUMUIALOT (CAU_CAA) . ..ottt e ettt e et e e st e e e e ta e e e abeeeetsteesabeeessseeeaeseeasnseeenans 821
33.5.3 General Purpose Register (CAU_CAM)...coouii ittt ettt ettt st 821

33.0  FUNCHIONAL AESCIIPLION. .....eeuiiiiett ettt ettt ettt et e bt e e et e et e sbe e s eesbeemeesbeembeebeemteeseen bt eneenseenee st eneesaeensesaeensesnean 822
33.6.1 CAU programming MOGEL.........couiriiriiiiirieieitee sttt ettt sttt st ettt st sbeebtenbeeanenbeeas 822
33.6.2  CAU NEEIILY CHECKS. .c.uiiitiiiiiiiie ettt ettt et ettt e st e bt e sa bt e bt e sabeenbeesabeebeens 824

K64 Sub-Family Reference Manual, Rev. 3, July 2017
26 NXP Semiconductors



Section number Title Page
33.6.3  CAU COMMANGS.....cuiiuiiiiiiiiiiitieiiieite ettt sttt et ettt sa e bbbt saennes 826

337 Application/initialization TNFOTMALION. ........cecuiiiiiiiiiiiieiie ettt ettt et e bt e st e beesabeesaaesaneenee 833
33.7.1 O EXAMPLL. ...ttt ettt ettt ettt b e es ekt eat e e b e em e e e b e e et ea e e bt eaee bt eatenbeenee bt entenbeentenneens 833
33.7.2  ASSEMDIET EQUALE VAIUES. ....coutiiiiiiiieiiiinteeie ettt ettt ettt ettt et s be et sttt et sbeeaaesbe e besbeenbesbeenaeene 834

Chapter 34
Random Number Generator Accelerator (RNGA)

341 INEFOQUCTION. c...eiiiiietiieite ettt ettt et e b bt b et b e s a e st s et et e et ebeebe e bt sa e e b e b saesn e ne 837
34.1.1 OVEIVIEW. ...ttt et et b e bbb sa e saesbe e saeae 837

342 MOAES OF OPCIALION. ¢...utieutitientietiettetteeteette et et e st e ete st e e be et e eabeese et e esee et es e e bt emeeeseemeeebeensesaeenseeseenbeeseenbeesaenbeensenseaneenseenes 838
34.2.1 Entering NOIrmal MOE.........co.eeiiiiiiiiiiiiiieii ettt sttt et sttt sbe s b sane b e 838
3422  ENteriNg SIEEP MOUE. ... .eiiuiiiiiiiiiieiieiiie ettt ettt sttt et sb e e et e bt e sabe e bt e s bt e sbtesabeenbaeeabeebeesnbeenaeesateas 838

34.3  Memory map and re@ister defINITION. ........ccuiiiiiiriiiitieet ettt ettt ettt et sae s 839
34.3.1 RNGA Control Register (RNG_CR).....ccciiiiiiiiiiiiiitiieneete ettt ettt st eaees 839
3432  RNGA Status Register (RING_SR).....c.ccccoiiiiiiiiiiiiieieieeeeeee e 841
34.3.3 RNGA Entropy Register (RING_ER)......cccoiiiiiiiiiieee ettt s 843
343.4  RNGA Output Register (RNG_OR).....cccuoriiiiiiiiiiiieeeteeeteie ettt ettt sttt et s saeens 843

344 FUNCHONAL AESCTIPIOMN. ..cuuiiiuiiitieeiieette ettt ettt ettt et e st e eabe e s bt e e bt e e ateea bt e sabeea bt e sabeeaseesbbeenbeenseeeabeessbesabeesnbesnseenns 844
344.1 OULPUE (OR) TEZISLOT ...ttt ettt ettt ettt ettt sae et e s bt et e e bt et e es e e bees s e bt enee st eneeeneenaesneeaeenean 844
3442  Core engine / CONIOL IOZIC...cc.uiruiiriiiiiiiniieitieiteetteteett ettt ettt ettt ettt st ettt ae st sae et sbeenaenaeen 844

34.5 Initialization/application N OTMIATION. ..c...eiittiiteitee ittt ettt ettt sttt eab e sb e e bt e sbtesabeesatesabeesaseeabeesbbeenbeenaeean 845

Chapter 35
Analog-to-Digital Converter (ADC)

35.1  INEFOAUCTION. ...ttt e e a s s a bbb bbb n s e a e s 847
35.1.1 FALUIES. ...ttt ettt a et e h et e et e bt es e bt ea e e e bt en e e ebeenbees e et e seeebeeneenbeeneenbeennen 847
35.1.2  BIOCK QIAZIAIMN.....eiiiiniiiiiiiieitite ettt ettt ettt et s bt et e s b et b et b et ebe ettt nae e 848

35.2  ADC SINAL AESCTIPLIOMNS. ¢...eeuevieuiieeiieitieeite et ettt ettt et et e st e sttt eateesbaeeab e e bt e eabeeatesabe e beesabe e bbeeaseenbeesaseenseesabeeseenatean 849
35.2.1 ANALOZ POWET (VDDA ettt ettt e ettt e ettt s ae et s bt enbe s et e beestebeenaenteens 850
35.2.2  Analog Ground (VSSA). ..ottt ettt ettt ettt ae st sae et sbeenae b s 850
35.2.3 Voltage REFErenCe SELECL........eiiiiiiiiiieie ettt ettt ettt e st e bt e st e ebeesaeeens 850

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 27




Section number Title Page
35.2.4  Analog Channel INPULS (ADX).....coeeruiriiririiiiieieetet ettt sttt sttt et sttt ettt ebe e b et e e 851
35.2.5 Differential Analog Channel INputs (DADX)......coiiiiriiiiiiiiieeieee ettt s n 851

35.3 Memory map and re@ister AefINItIONS. .......cc.eeiiruiiieitieeei ettt ettt st ettt e e b et e ese e be e st e bt eneesaeeneesaeeneas 851
35.3.1 ADC Status and Control Registers 1 (ADCX_SCL)....cccccoiriiririiniiiiniiieneeeeeseeeeee e 853
35.3.2  ADC Configuration Register 1 (ADCX_CFG1)...ccoiiiiiiiiiiiiiiiteee ettt e 857
35.3.3  ADC Configuration Register 2 (ADCX_CFG2).....cc.ccceotririminininiintenenieteteeeetetee et 858
3534 ADC Data Result Register (ADCX_R)..c..cocueiiiiiiiiiiinieie ettt 859
35.3.5 Compare Value RegiSters (ADCX_CVI)..c.uiiiiiiiiiiieiteeie ettt ettt ettt ettt et esiaesaseeeee 861
35.3.6 Status and Control Register 2 (ADCX_SC2)....couiiiiiiiiiiiteiteee ettt et s 862
35.3.7 Status and Control Register 3 (ADCX_SC3)...cuiiiiiiieiieeeee ettt 864
35.3.8 ADC Offset Correction Register (ADCX_OFS).......ccciiiiiiiiiiiiiieiteneeeteteee e 865
3539  ADC Plus-Side Gain Register (ADCX_PG).....c.ccccouviiiriiiriiieiieiceteceeeee et 866
35.3.10 ADC Minus-Side Gain Register (ADCX_MG).....cc.ceouiiuieiieiieiieiierit ettt 866
35.3.11 ADC Plus-Side General Calibration Value Register (ADCX_CLPD).......ccccoceevirieniriiniiiinieieneeienens 867
35.3.12 ADC Plus-Side General Calibration Value Register (ADCX_CLPS)....ccccoviiriiiiieniieiienieeieenee e 868
35.3.13 ADC Plus-Side General Calibration Value Register (ADCX_CLP4).......ccccoiviiiieiinieieeeeeeee e 868
35.3.14 ADC Plus-Side General Calibration Value Register (ADCX_CLP3)......cccccociiiiiiiiinieiineeeeeeeneee. 869
35.3.15 ADC Plus-Side General Calibration Value Register (ADCX_CLP2)......cccccocevviiniiiienieiinicienicneeieneene 869
35.3.16 ADC Plus-Side General Calibration Value Register (ADCX_CLP1)......coccoeviiriiiiniiniiiieeiceiceeeeeenn 870
35.3.17 ADC Plus-Side General Calibration Value Register (ADCX_CLPO)........cccoeeiiiieiinieiieieeeeeeee e, 870
35.3.18 ADC Minus-Side General Calibration Value Register (ADCX_CLMD)......c.cccoceiiininiininiininicnieeienenn 871
35.3.19 ADC Minus-Side General Calibration Value Register (ADCX_CLMS)....cccceeviiriiinieniiiiienieeieeeieeieee 871
35.3.20 ADC Minus-Side General Calibration Value Register (ADCX_CLM4)........ccceiieiinirienieeeeee e 872
35.3.21 ADC Minus-Side General Calibration Value Register (ADCX_CLM3).....cccccceevirieniniieninieneeieneeeen 872
35.3.22 ADC Minus-Side General Calibration Value Register (ADCX_CLM2)......cccceocuiriiieneeniiienieeieesiee e 873
35.3.23 ADC Minus-Side General Calibration Value Register (ADCX_CLMI).....cccccooviiiiiiniiniiiniinieiieeeeeene 873
35.3.24 ADC Minus-Side General Calibration Value Register (ADCX_CLMO)......c.ccceeiieieninienieieneeeseeeeen 874

35.4  FUNCIONAL AESCIIPLION. ..c..eiutiiiiiieiiete ittt ettt ettt ettt ettt et sbe et s bt e st s bt et e s bt et e bt e bt eb s et e ebt e bt ebeesbeentesbeeneenaeen 874
354.1 Clock select and divide CONIOL..........ccuiiiiiiiiiiiiiiiii e e 875

K64 Sub-Family Reference Manual, Rev. 3, July 2017

28

NXP Semiconductors



Section number Title
35.4.2  Voltage reference SEIECTION. ....c.evtiriiriiriiiiiieitercetere ettt
35.4.3 Hardware trigger and channel SEIECLS........covuueriiiiiiriiiiiieiicecteeeeee e
35.4.4  CONVEISION COMIIOL...cuuiiiiiiiitietieiiete ettt ettt ettt ettt sttt ee et ese et et e bt et esaeeneesaeeneeeas
3545  Automatic COMPAre FUNCHOM. ....eoueitirieiiiienieeieneete ettt et et saeen
35.4.6  Calibration fUNCHON. .......cccuiiiiiiiiiiiiiic e
35477  User-defined offSet fUNCHON. ........coeeiiiiiiiiiei et
35.4.8  TEMPETALUIE SEIMSOT.c...eueeutiritenierttetertteteeitenteetteteettesteeutesteestesbeentesbeetesbeentesusenbesasenbesesenseens
3549  MCU wait MOAE OPETALION. .......eiruririierireeiieete ettt esttesteeseteeteesbteebeesbeesbeesaeesabeesasesseenas
35.4.10 MCU Normal Stop MOAE OPEIAtION. ....c..eeueitieiietietertieteeieeteeteenteseesteeeesteeeesbeeeesbeensesaeans
35.4.11 MCU Low-Power Stop mode OPETation.........c..cecvereeieriierienieniinienieetenieeeenieeiesieeneneeenens

35.5 Initialization iNfOrMAtION. ........cciuiiiiiiiiiiiiiiiicic e e
35.5.1 ADC module initialization eXamPple.........cccoeciirieririenieiiere e

35.6  Application INfOIMATION. .....c..eiiiitiiiiriiet ittt ettt ettt et et sbe et sbe et ebee e eaee
35.6.1 External pins and TOULINZ. ....cc.eevviiiiiiriieiie ittt ettt sttt et e et e b e saneeaee s
35.0.2  SOUICES OF @ITOT. .. .itiitiitieiteetiete ettt ettt ettt ettt et sb e e s b et e e bt et e ese et e enee bt et e saeeneesaeeneeeaes

Chapter 36
Comparator (CMP)

T B 6313 (o6 1 (<15 10 | OO RPN
36.1.1 CIMP fEALULES......c.veiiiiiiieitetce ettt s
36.1.2  O6-Dit DAC KEY fRALUIES. .....eeiuiiiiiiiiiieiieeie ettt ettt sttt st
36.1.3 ANMUX KEY fRALUIES. .....eeitieuiiiieiietieteetiete ettt ettt ettt et et e et eneeseeeee e
36.1.4 CMP, DAC and ANMUX dia@ram.......c..cecueeiriimiiniinienienieenieitenicetenie ettt
36.1.5 CMP BlOCK QIAZTAM.....eouiiiiiiiiieeiieete ettt sttt ettt et e st e beesaees

36.2 Memory map/register defiNItiONS. .........ceiuiiieriiiieiteeierie ettt ettt sttt be et e be et naeens
36.2.1 CMP Control Register O (CMPX_CRO).......cccceoiiririinienienieeicieeteeeeseete e
36.2.2 CMP Control Register 1 (CMPX_CR1)....coouiiiiiiiiiiiiiiieiieeteeeete et
36.2.3 CMP Filter Period Register (CMPX_FPR).......cccoooiiiiiiiiiieeeeeeeee e
36.2.4 CMP Status and Control Register (CMPx_SCR)........cccceeieiiiriiiiniiiniiieniiieneeeneeeeiens
36.2.5 DAC Control Register (CMPx_DACCR)......cccceriiiiriiiiieiieeiterie ettt

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors

29



Section number Title Page
36.2.6 MUX Control Register (CMPX_IMUXCR).....c..coctriiiiniiiiiiiientetetesteee ettt 911
30.3  FUNCHONAL AESCIIPIOMN. ..ccuuiiiiiiiiieiieeite ettt ettt ettt et e s bt e e bt e s ate et e esateeabeesabeeaseessbeeabeenstesnbeesstesabeesnbesnseenns 912
36.3.1 CMP fUNCHIONAL IMOAES. ... .ceueiitieieeiieite ettt ettt ettt ettt et e bt et e s bt et e s bt en b e eb e et e esee bt eseenbeeneenaeeneas 912
36.3.2  POWET IMOGES. .....uiiuiiiiiiiiiieiiiiiit ettt et et sttt et ea et sa e et et sa e nene 921
36.3.3 StArtUP ANA OPETALION. .. ..eeiieeiiieiiieeieeete ettt ettt et e st et e st e e bt e sabeeabeesabeesbeesateenbaesabeenbeesaseenseesabeenseenasean 922
30.3.4  LOW-PASS FIILET ..cuititiieicieeeee ettt et sttt ettt ettt et eae b naen 923
30.4  CIMP INEETTUPLS. .cutetteitertteiteett ettt ettt ettt et e sttt e e et s bt e s e s bt et e e bt et e e bt et e eh s et e e bt e bt estesbeeatesbeentesbeenbesbaenbesbbenbesbnenbens 925
30.5  DIMA SUPPOTL....eeitiiiieeiiteite ettt ettt et te st e e bt e sttt e bt e sttt eabeesatesabeesabeeabeesbaeeabeebeeeabeeatesa bt e stesab e e bt e eabe e bt e eabeenbeesabeebeeeatean 925
36.6 CMP Asynchronous DIMA SUPPOTT.......ccueteiririrtirerertintentetetetetetett ettt ett et st sttt sess et esteseneeasestenteseesesuesaeesesnesaens 926
36.7  Digital-t0-analO@ COMVEITET . .....cevuiiiiiriiiiirieeteit ettt ettt ettt ettt ea e sae et sb e et e s bt et e s bt e st e ebe et e ebeeteebte bt eatenbeemeenaes 927
36.8  DAC fUNCHONAL AESCIIPIION. .o utieiiiiitieiiieeieeeitt ettt ettt ettt et e sttt e bt e sae e et e e sateeabeeshbesabeesbaeeabeebeesabeenstesabeenanesabeennes 927
36.8.1 Voltage referenCe SOUICE SEIECK.......c.uiuiriirtirtirieteteiee ettt sttt ettt ettt 927
30.9 DA TESCLS...cueiiiieiieiieieee ettt et a b bbbttt e a e a e a e e h e b b sh e st b e bese e 928
360.10  DAC CLOCKS. ...ttt ettt sttt a et et ettt ettt e 928
30.11 DAC INEEITUPLS. c..evevitertestetet ettt ettt et et et et sae sttt sess et et et eseeaeeateue et e e bt sae st e b e s e st et et et enteateateneebeeuesaeebeebesaesaennenne 928
Chapter 37
12-bit Digital-to-Analog Converter (DAC)
R B 0115 (o4 11 (el o) | OO PTURPRRRPON 929
372 FRALUIES......euiiuiiiiiiieiieiee ettt ettt e b b b e bbbttt ettt ea e a e a e h ek b e sh e st be b e 929
37.3  BIOCK QEAGIAIMN....cuuiiiitiiiiieeiie ettt ettt e h e et e b e st e e bt e sa b e e bt e sat e e s bt e eab e e bt e eabeeebeesabeessbeenbeesbbeenbeenaees 929
37.4  Memory map/regiSter defIMITION. .....ceitriiirtiiiirit ettt ettt ettt ettt ebe bt et sbe b e 930
37.4.1 DAC Data Low Register (DACX_DATAL).....coceoiiiiiiiiieieiteteeeee ettt 933
37.4.2  DAC Data High Register (DACX_DATAH).....cccuoiiiiieiiieteetee ettt et 933
3743 DAC Status Register (DACX_SR)...c.ui oottt sttt ettt ettt eseenaeeneesaeeneas 933
3744  DAC Control Register (DACX_CO)....coueriiiiiiiieitieieeteete ettt ettt sttt ettt et e st eaee e 934
37.4.5 DAC Control RegiSter 1 (DACK_C1).uiiiiiiiieiieiieeieeteet ettt ettt st ettt ettt e s aesbeesaaeenseenens 935
37.4.6 DAC Control ReiSter 2 (DACK_C2)..c.uuiiiiiiieeieeeteeite ettt ettt ettt et ettt e st s e st e sneenaee 936
37.5  FUunCtioNal AESCIIPIION. ....evitiuieuieiieiieiieiteit ettt ettt sttt ettt ettt b et b e s bt et a et et e e et easestebeebeeueebesaeebesuesaens 937
37.5.1 DAC data DUTTET OPETAtION. ... .ieiieiiieiieeie ettt ettt ettt et e st e et e st e esbeesabeenbeessseenbeesseesnbeesssesnsaenes 937

K64 Sub-Family Reference Manual, Rev. 3, July 2017

30

NXP Semiconductors



Section number Title Page
37.5.2 DA OPETALION. .. .ceutiiiiiiiiitiieeitente ettt ettt ettt ettt ettt e beea e s bt et s bt es b e sbe e st e e bt et e ebe e bt eatesaeestesbeemnesbeennesunens 938
3753 RESEIS. ..ttt b 938
37.54  Low-POWEr MOAE OPEIALION. ....c..couirtiiiiitiieieiteiteteitett ettt ettt ettt ettt et ettt be st sae et b e e ne e 938

Chapter 38
Voltage Reference (VREFV1)

381 TITOMUCTION. ...ttt ettt ettt ettt et e st e et e s bt e s e e sb e em e e e bt ea b e e s e embeeaeem et em e e bt emeeebeemeeeaeembesseenbesbeenseeseenbeeneentens 941
3811 OVEIVIBW.c.eeiiiiiiiietetete ettt bttt ettt b et btttk ettt bt 942
3812 FRALUIES. ...ttt b e 942
38.1.3 MOAES OF OPETALION. .....eovitiiitititetetetet ettt ettt ettt s st sa et ettt e et ebeebeeaeeueebeebesbesaeetennenaens 943
38.1.4  VREF Signal DeSCIIPtIONS. ....cueiutiriiiiiriiitintieteeit ettt ettt ettt ettt ettt be ettt ettt esaeeneenaee 943

38.2 Memory Map and RegiSter DefiNitiON. ......coouiiiiiiiiiiiiiiiieeieetee ettt et ettt st ettt et sb e baeebeenaees 944
38.2.1  VREF Trim Register (VREF_TRM).......ccccctrtiniiiniirieinieintctne ettt sttt sttt 944
38.2.2 VREEF Status and Control Register (VREF_SC)......ccciiiiiiiiiiiiiniiieniecienieeeseeseeeeeee et 945

38.3  FUNCHONA] DESCTIPLION. ....eeutieiiiiiiiieiieette ettt ettt et e sttt e sbt e et e e bt e e bt e bt e sabeesstesateesbbesabeebeeeabeebeesabeeseenanes 946
38.3.1 Voltage Reference Disabled, SCIVREFEN] = 0......cccoeiiiiiiiiieiieeee ettt 946
38.3.2 Voltage Reference Enabled, SCIVREFEN] = 1...c..cooiiiiiiiiiiiiiineeeseceecesteeet e 947
38.3.3 Internal VOILAZE TEZUIALOT.....c...eiiiiiiiiiieiie ettt st ettt e b st e bt e s bt e bt e sabeesaeesaneens 948

38.4 Initialization/Application INfOIMAION. .......cc.coviiiiiiiieiiiiitetetee ettt st s st 949

Chapter 39
Programmable Delay Block (PDB)

10 B 015 (o4 1 (<1 o) | OO OO USROS UTURPRRRPN 951
39.1.1 FFRATUTES.....eieiii ettt ettt a bbb ettt 951
39.1.2  TMPIEIMEILALION. ..cc..tiiiiiiiiieiteeite ettt sttt ettt et e ettt et e sabe et e esat e e bt e sue e eabeessbeeabeesabeeabeesabeenbeenbteebeennnesabes 952
39.1.3  Back-to-back acknowledgment CONNECLIONS........cceuririruiriririintintentent ettt ettt ettt ee e e s e saens 953
39.1.4  DAC External Trigger INput CONNECTIONS. ......cc.eevuiriiriiriiniiiierieetenteetestt ettt ettt ettt st e s enesieens 953
39.1.5 BIOCK QIAGTAIMN. ...ttt ettt et et e bt st e s bt e et e e s bt e e bt e bt e s beesatesabeenabesaneens 953
39.1.6  MOAES OF OPEIALION. ....cueeuiiuieuieuieiieiieit ettt sttt sttt ettt et ettt sttt b sae sttt ettt eneeaeeseebesueebesbenaens 955

309.2  PDB SIZNAl AESCIIPLIONS. c..ceuteutiiieiiiittete ittt ettt ettt ettt ettt et s b es e sat et sb e et e s bt et e s b e et e ebs et e ebe e bt eatenbeentenbeemeenae 955

39.3  Memory map and re@iSter defINTION. ........eevuitiiiiiriiiiieiie ettt ettt sttt et esatesabe e sabeebeesabeebeenaeean 955

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 31



Section number Title Page
39.3.1 Status and Control re@ister (PDBX_SC)......cocuiriiiiiiiiiiiieieiteteeee ettt 957
39.3.2 Modulus register (PDBX_MOD)........cooiiiiiiiiiiiiiiecee ettt ettt ettt st e st e 960
39.3.3 Counter 1egisSter (PDBX_CINT).....ooiiiiiieitieieet ettt ettt ettt ettt ettt es e eb e et e e st eneeeneenseeneenaeeneas 960
39.3.4  Interrupt Delay register (PDBX_IDLY)...cc.iiiiiiiiiiiiiiiieeseee ettt sttt s 961
39.3.5 Channel n Control register 1 (PDBX_CHACT)...cc.ccoiiiiiiiiiiiiieeieeiteeeete sttt ettt s 961
39.3.6 Channel n Status register (PDBX_CHAS)....cccuoiiiiiiiieeeee ettt e 962
39.3.7  Channel n Delay 0 register (PDBx_CHIDLY0).......cccctriiinininininieienieicieieeeteee e 963
39.3.8  Channel n Delay 1 register (PDBX_CHADLY 1)......cccciiiiiiiiiiiiiiieneiiceeteeeseeeecee e 964
39.3.9  DAC Interval Trigger n Control register (PDBX_DACINTCH).......coocueriiiniinieiiieiieeiee ettt 964
39.3.10 DAC Interval n register (PDBX_DACINTI).......cooieiiiiiieitieieceee ettt st 965
39.3.11 Pulse-Out n Enable register (PDBX_POEN).......cccccoitiiiiiiiiiiiieieetee ettt 966
39.3.12  Pulse-Out n Delay register (PDBX_PONDLY )..cc..coiiiiiiiiiiiiieieeiteseeeie ettt sttt e 966

39.4  FUNCHONAL AESCIIPIION. ..c.veutiutiiteitenieiteiteit ettt ettt ettt ettt ettt b e bt e b e bt bt sttt b et et et et eseeatestebeeueebesbesaeebennenaens 967
39.4.1 PDB pre-trigger and trig@er OULPULS........ccueetirtieiertieteeteeteetteteeitetesttestesttesbeestesteestesbeesbesbeentesseeneesseeneesnees 967
39.4.2  PDB trigger inPUut SOUICE SEIECTION. .. .eeviiiiiieiieriitetieeteette st et ettt et e st e ebeesateebeesabeenbeesabeesbeesasesbeessnesases 969
39.4.3  DAC INterval triZZETr OULPULS......ccueveureuieuieiteteetieterteetestestestetesteteseeateuteseetesbesaestessesaessessensentenseneeneeseesesaensens 969
3044 PUISE-OULS...ciiiiiiiciee ettt ettt b e bbb sa et aen e nene 970
39.4.5 Updating the delay T@EISIEIS. ....evuueitierieeieeitie ettt ettt sttt ettt et e st e e beesabeesbeesabeenbeessbeebeesssesabeesasesnseenns 971
39.4.0  INEETTUPLS...ueiiiiiieiiete ettt sttt e b et b et e bt et e bt e e e e et e saeeaeesaeeaaesae et e saeea b e eae et e ese e st ennesae s 973
3947 DIMA .o ettt bbb ettt et ettt ebe et 973

39.5  APPLICAION INTOTIATION. ..cutieiitietieeiieetee sttt ettt et e sttt e st e e bt e sat e e b e e bbesabeesatesabeesstesabeensbeenbeenssesnseenseesnbeaseenass 973
39.5.1 Impact of using the prescaler and multiplication factor on timing resolution..........c.ccceevecveevrerrerenreniennens 973

Chapter 40
FlexTimer Module (FTM)

O T 114 T L1 6 (o) OSSR 975
40.1.1  FleXTIimer PhIlOSOPIY......ccrutiiiitiiieitieieet ettt ettt sttt b et e bt et eatesaeeseesbeenaesbeebesbnenbens 975
40.1.2  FRAIUIES.....eiuiiiiiiiiiiciii ettt b b et 976
40.1.3  MOAES Of OPETALION. ....eueeuieuiiiiitietietert sttt ettt ettt et ettt et se e bttt et et sa e et s et eae et e bt ebeebe s bt saeetenbenee 977
40.1.4  BLOCK QIAZIAIMN c..ceuiiiieiiiiieieit ettt ettt et b et s bt et b e et e eb e e bt e bt e nteeb e e s bt eneesbeebesbeenbesbeenbeas 978

K64 Sub-Family Reference Manual, Rev. 3, July 2017

32

NXP Semiconductors



Section number Title Page

40.2  FTM SIZNAL AESCIIPLIONS. ...cuvteuiitieitiettete ettt ettt et ettt ettt ettt e bt ebe et e sb e e et ebe e bt sbte bt esbenbeeebesbeeat e s bt estesbeenteebeenaeeae 980

40.3 Memory map and re@iSter AefINTION. .......evuiiiiiieiiiitie ettt ettt st et eab e e st e e bt e sbee s bt e sabesabeesabeennee e 980
40.3.1 MEIMOTY IMAP. ...ttt ettt ettt a e e b e st b e e e s b e e ae e eae e e e eae e e e e saeeaee e 980
40.3.2  ReEZISTET dESCIIPIIONS. c.uvevtenteriiiteeitenteeiteet ettt ettt ettt et e st e et e s bt et e sbt et e ebe et e ebe e bt ebeesaeemeesbeentesbeenbesbnennens 981
40.3.3 Status And Control (FTIMX_SC).....coooiiee ettt e e et e e e e eetta e e e e e e etraaeeeeenaeeens 987
40.3.4  Counter (FTMX_CNT) . .couiiiiriiiiteeeetetete ettt sttt et ettt sa et et et a ettt eaeeaea 988
40.3.5  Modulo (FTMX_MOD)......ccuiiiiiiiiiiiiiieieietetetee ettt ettt st st eae 989
40.3.6 Channel (n) Status And Control (FTMX_CRSC)......coouriiieeieeieee e eeere e e e e 990
40.3.7  Channel (n) Value (FTIMX_CRV).c..oouiiiiiiiiiieieeeeeese sttt ettt sttt et st nen 992
40.3.8 Counter Initial Value (FTIMX_CNTIN).....ccciiiiiiiieiienieerieeeie et e eteeieesteesaeestaeesteesaeeseessseesseessseessnesssesnns 993
40.3.9  Capture And Compare Status (FTMX_STATUS).....cooiiiiiiiiee ettt 993
40.3.10  Features Mode Selection (FTMX_MODE)..........ccoiiiiiiiiiiiiiiee e 995
40.3.11  Synchronization (FTIMX_SYINC)......eiieiiiieieeieieee sttt ettt ettt ettt be e e be et e eneenseeneenee 997
40.3.12 Initial State For Channels Output (FTMX_OUTINIT)...c...coceriiiimiiniieiiniitentetcneeee et 1000
40.3.13  Output Mask (FTMX_OUTMASK).....ccooeiriiriiieieeeeeere ettt ettt 1001
40.3.14  Function For Linked Channels (FTMxX_COMBINE).........ccccccoiiitiiiiiieie ettt et 1003
40.3.15 Deadtime Insertion Control (FTMx_DEADTIME)........ccooooiiiiiiiieeeee e e 1008
40.3.16  FTM External Trigger (FTMX_EXTTRIG)......ccccteiiiiiiiiiieiienie ettt sttt 1009
40.3.17  Channels Polarity (FTMX_POL)......cc.ccceiiiiiiiiiiiiieteeeere ettt s 1011
40.3.18  Fault Mode Status (FTMX_FIMS)......cooiiriiiiiiiiiecceteee ettt 1013
40.3.19  Input Capture Filter Control (FTMX_FILTER)......c.cccoceiiiiiiiiiiiniiinteeeteseceseee et 1015
40.3.20  Fault Control (FTMX_FLTCTRL).......ccoiiiiiieiieiriee ettt e e e v e e e eeeaaeee e e eeearaseeeeeennes 1016
40.3.21 Quadrature Decoder Control And Status (FTMx_QDCTRL)......ccccvuiiiiiiiieiiecieeeeeee e 1018
40.3.22  Configuration (FTIMX_CONE).....cc.cooiiiiiiiiient ettt ettt et sae et e bt satesbeeanenbeas 1020
40.3.23  FTM Fault Input Polarity (FTMX_FLTPOL)........ccccttriiiiiiiiieiienit ettt ettt s 1021
40.3.24  Synchronization Configuration (FTMxX_SYNCONE).......ccccccertriimirinininenencneneereeeeee et 1023
40.3.25 FTM Inverting Control (FTIMX_INVCTRL).....cccuiitiiiiiiieitet et 1025
40.3.26  FTM Software Output Control (FTMX_SWOCTRL).....cc..coceeviiriiiiniiiiiieieeeeeceeene e 1026
40.3.27 FTM PWM Load (FTMX_PWMLOAD).......cccciiiiiieiieiieteeeeeeeeeieee et 1028

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 33



Section number Title Page
40.4  FUNCHONAL AESCTIPIION. c..cutiiieiiieiiiteette sttt ettt ettt ettt ettt at et eb e sb e eb e e sa e e st e s bt eate s bt eatesbeesbesbeenbeebe et e ebeenteebeenaeenee 1029
40.4.1 CLOCK SOUICE......c.uiviiiiiiiieie it et e et en s n e sae s 1030
042 PIESCALRT ...ttt ettt bt et h et bt et e bt et e e h e et en e e ae et e ebeebesbeebeeneenteas 1031
40.4.3  COUNLET...cuiiiiiiiiicteie ettt ettt sttt ettt et ea e bt b e s a et be s aesa et e a et et s s et ea e b b sae et e b snens 1031
40.4.4  INPUL CAPLUIE TNOAE. ...c..eeiiiiiitieiieiiitesiteeit ettt ettt et e sat e be e st e e bt e eabe e beesabeea bt esbbeebeesaeeeabeesasesabeesabesnneenns 1037
40.4.5  Output COMPATE MOGE. .....cuuiiuietieiieitieieetiet et ettt ee e etesteetesteete s bt eteeb e e beeseenbeesee st eneesseeneesseesesseenbesseansens 1040
40.4.6  Edge-Aligned PWM (EPWM) MOG@.......cccuemiiiimiiiiniiiientieieeteieeitet ettt ettt sttt et 1041
40.4.7 Center-Aligned PWM (CPWM) MOGE.........cooiiiiiiiiiiiieiieeitesite ettt ettt ettt ettt siee st e satesane e 1043
40.4.8  COMDINE MOAE......cuiiuiitieiieitiete ettt ettt ettt et e bt e e st e et e e bt et e e bt et e eb e et e eseeabeemtenbeeaeeeaeemtesbeenseaseenseeneanseeneenes 1045
40.4.9  Complementary MOGEC. ......c..couerueriirirtiniieteet ettt ettt ettt et st e et e bt ebe et e e bt e bt ebtesaeeatesbeeaesbeebesbnenbens 1052
40.4.10 Registers updated from WITte DUFTETS. ......ccviiiiiiriiiiieiieee et s 1053
40.4.11  PWM SYNCRIOMIZAION. ......eeuiitieiiiitieie ittt ettt ettt ettt ettt et et e bt s et e be s st e beeste bt en e abeenbeeseenseeneensesneenaeenean 1055
0412 TVETLIIIZ .. euteeitieteeteete ettt ettt ettt h et e b et ebt e st e eate s bt e st e s bt et e bt et e et e et e ebe e bt eb e e sbeenaesbeenbesbeenbesbnenbens 1071
40.4.13  SOftware OULPUL COMETOL......ceiuuiiiiiriiiiiieeite ettt ettt ettt et e et e st e et esabe e bt e sbbeebeesateeabeesanesabeesnbesnneens 1072
40.4.14  DeEAQLIMNE INSETLION. ... .etieuietieuteetiete et ettt te it eeeesteeste st e este et e eateeseen b e et e enteesee st estenbeemeesseemtesseenseaseenseeseenseeseenes 1074
40415 OULPUL IASK ..ottt ettt ettt ettt e b et ea b e s bt e st e sbe e b e s bt e bt eb b et e ea s et e easenbeenaenae 1077
40.4.16  Fault CONLIOL.......cciiiiiiiiiiiiiii e st 1077
40.4.17  POIATILY COMIIOL..c.uiiutiitietietieit ettt ettt ettt ettt e sttt e bt ee e e bt ese e e bt ea b e ebeenteeseenteesee bt eseenbeemeenbeensenbeennenseans 1081
40.4.18  INTHALZALION. c..evenietiietieetcreee ettt ettt sttt bbbt b ettt 1082
40.4.19  FEAUIES PIIOTILY ...eeutieeutiiiieriteettesittette ettt et e e et ebeesateeabeesateebeesuteeabeesateeabeesabeeabeesbbeenbeensseeabeessteenbeesanesaseesne 1082
40.4.20  Channel trig@ET OULPUL........eeuiitietietieteettettette st ete et ete st e ete et e e be et eebe et eeaseeseeeseentesseensesaeeseeseenbeeneenbeensanseans 1083
40.4.21  INItIAlIZAION TIIZZET .. eoutirtieiiirieete ittt ettt ettt ettt ettt et bttt s bt e bt e bt e bt eb b e b e ea b e bt estesbe et e ebeetesseenaeeneen 1084
40.4.22  CaPLuIe TSt INOAE. ... .eeeueeiiieriiieiteiite ettt ettt et e sttt e s bt et e e sbt e s bt e satesabeesstesabeesbbeeabeebeesabeenbeesabeensaesatean 1086
40.4.23  DIMA ..ttt b bbbttt bbbt b e 1087
40.4.24  Dual EAge Capture MOUE. ......cccueeueiiiiiiieriienieiitenteeteste ettt ettt ettt et sttt sttt st saeestesbeeanesbeesbesbeennesbeenee 1088
40.4.25 Quadrature DeCOET MOMAE. ........uieiuiieeiiiiieeiiieectieeesteeesteeestteeestaeeessseeessseeeassaeeesseeasssseesssseeasssessssseeesssseennes 1095
40.4.20  BDM IMOGE......ciiuiiiiiriiiiiteiiteete ettt h bt h sttt b ettt b e bttt ns 1100
40.4.27  Intermediate I0ad........ccoouiiiiiiiiiiiiii e e 1101
40.4.28  Global time base (GTB).....c.cccccciriiiiiiiiiieieeeere ettt 1103

K64 Sub-Family Reference Manual, Rev. 3, July 2017

34

NXP Semiconductors



Section number Title Page
0.5 RESEL OVETVIEW.....eutiuiiiiiitiiitetteit ettt ettt ettt ettt et e s bt ea e s bt et sb e et e bt et e bt e eb e e st e sbeea et sbe et e ab e et e ebsen bt ebs et e eatesbeentesbeeneenae 1105
40.0 FTIM INEETTUPLS. c...eeeutieiiieeiteeite ettt ettt ettt et e st e bt e sat e e bt e eab e et e e sab e e b eesa bt e bt e sabeeabeesabeenbeesabeenbeesabeenbaesabeenbeesabeenbeeas 1106
40.6.1 TImer OVErflOW INTEITUPL. ... .oouiiiiiiietiitiet ettt ettt ettt et et et e bt e e bt e s et e e st e eaeeneeeseenbesseenaeenean 1107
40.6.2  Channel (1) INTEITUDPL.....couerutiitieieieet ettt ettt ettt s bt et s bt et sbee bt ebsenbeebsenbeeaneniens 1107
40.6.3  FaUIt INTEITUDL..eouteeiittiiie ittt ettt et e b b et e bt e st e e bt e sa bt e bt e eab e e baeesbeebeesabeenseesabeensbesaseenns 1107
40.7  InitialiZation PrOCEAUIE. .......c..eiiiiiiiiieiieee ettt ettt ettt e b b et e b et e e st e bt e st e eaeemeesseentesaeebeeneenbeeneenneas 1107
Chapter 41
Periodic Interrupt Timer (PIT)
L B 113 (o L1 s (o)  FO OO OO P PRSPPI 1109
41.1.1 BIOCK QIAZTAIMN. ..ttt sttt ettt b et ea e sa et b et sbe et bt sbt e 1109
112 FRATUIES...cuuiiieniieiieiteit ettt ettt et et sttt et a e e b e e h et e e bt e et e e bt ess e eae e st e et e ae e e e s aeesnenh e eanena e b eae e eaeenee 1110
41.2  SINAL AESCIIPIION. ... eiutiiuietieiieite ettt ettt ettt ettt et e et e e ae e s ee s bt emee e bt emeeebeemteebeemtees e em bt ese e bt emeeabeemeesaeemtesneennesbeennenneans 1110
41.3  Memory mMap/reZiSter AESCTIPIIOM. c...euteutirtieuiirieete ettt ettt ettt ettt ettt e bt e st esbeestesbeeseesbeebesbtesbeebsebeebsebeessenaeeneene 1111
41.3.1 PIT Module Control Register (PIT_MOCR).......cooiiiiiiiiiiieiieeeeitee ettt ettt 1111
4132 Timer Load Value Register (PIT_LDVAL)....cccoiiiiiieieiiee ettt s s 1113
41.3.3 Current Timer Value Register (PIT_CV AL ..c.cooiiiiiiiiiicieteetee ettt 1113
4134 Timer Control Register (PIT_TCTRL).....cc.coriiiiieieeitecieetete ettt ettt st 1114
41.3.5  Timer Flag Register (PIT_TEFLG).......cccviiririrtinieieieietetetetee ettt ettt st 1114
414 FUNCHONAL AESCIIPIION. c..cutitieitieiiete ettt ettt ettt ettt ettt ettt et eh e e bt eaeesb e e st e s bt emae s bt embesbeesbeebeenbeebeenbeebeenteeneeeeenee 1115
41.4.1 GENETAL OPETALION. ...eutteiiieiieeitertie ettt et et e et estteeabeestte e bt esteesabeesabeeabeesbeeenbeensaeeabeesasesabeesabeenbeesnseenseenanas 1115
T B 1111 0 1| o] K SO OO T OO UP RO O TP UPTOPRP 1117
4143 CRAINEA tINETS. ..ttt ettt ettt ettt et eb ettt e bt e bt e eb e e st e s bt et e s bt et e eb e en bt eb b et e esbenbeestesbeentesbeenaesneen 1117
41.5 Initialization and application TN OTMATION. ......cevuieriieriieeieerte ettt ettt ettt e bt e st eesate st e e s iaeeabeesbbessbeenaeesabeenaeesases 1117
41.6  Example configuration for chained tIMETS.........c..coueiiiiiiiiiiiiiiieieer ettt ettt st s ee 1118
Chapter 42
Low-Power Timer (LPTMR)
L T 114 (o L1 6 (o) s OSSPSR 1121
42.1.1 FRALUIES. ...ttt ettt st b e e b e bt e a e bt e et e bt e st e eb e e st e eb e et e ebe e bt s bt e be et enbeeanen 1121
42.1.2  MOAES OF OPETALION. ....cuvieuiiiriiieitieeiteette ettt et et e ettt e eabe e teesabeesateeabeessbeeabeenstesabeenstesabeesaseenseesnseenseenssean 1121

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 35



Section number Title Page
422 LPTMR Signal deSCIIPLIONS. ...cuueiutitiriiitieitetieiteet ettt ettt ettt e beeb e sb et sb e ee bt bt e st ebe et e sbee bt ebeenaeebbenbeesnenbeeanenbeens 1122
42.2.1 Detailed Signal deSCTIPLIONS. ......eivteriieriierite ettt ettt et ettt et e ebeesate e bt e sateebeesabeeabeesabeebeesateenseesaseenses 1122
42.3  Memory map and reZiSter AefINMITION. ... ...eeuiruietietiete ettt ettt ettt ettt et e e st e bt eseesbeeseesbeeseesbeenaesbeennenseans 1123
42.3.1 Low Power Timer Control Status Register (LPTMRX_CSR)....c..ccoceiiiniriininiiniiiieeeeieeee e 1123
42.3.2 Low Power Timer Prescale Register (LPTMRX_PSR).......coooiiiiiiiiiiiiiiiiiiiecteeeete e 1125
4233  Low Power Timer Compare Register (LPTMRX_CMR).....cccccoovimirimininininiinieeicieteeeeeeeeeiee e 1126
4234  Low Power Timer Counter Register (LPTMRX_CNR)....cc.cociiiiiiiniiiiiietiieeeeeeeeeieee e 1127
42,4 FUNCHONAL AESCTIPION. 1.u.eeiutietieeitietie et eette et et eit e et e et e e bt e s bt e teesabeesateease e bbeeabeenseesabeenstesabeessbeenbeessbeenseenseesabeenneesases 1127
42.4.1 LPTMR POWET QNA TESEL..c..veeueeeutieiitieiieiite et eite ettt ettt sttt e st e sbt e et e bt e e bt e bt e s bt e bt e sabeesbaesabeenbaeeneeennees 1127
4242 LPTMR CIOCKING. c..cctiiiiiitieiiritee ettt ettt ettt ettt e be st e bt es b bt ea e e bt es b e eb e et e ebee bt eseenaeenees 1127
4243 LPTMR prescaler/GlitCh fIlter........coouiiriiiiiiieciiece ettt ettt sttt e s saees 1128
4244 LPTMR COMPATE.....c.iiiiiiiiiiiiieie ittt ettt ettt sttt st a e s b e e b e e e st e e seeeae e s eneeaeeseesaeeanes 1129
4245 LPTMR COUNET......cuiiiiiiiiiiiiiiiciiciiete ettt ettt st st sttt et ettt besae b b e 1129
42.4.6  LPTMR hardWare tri@ZET......eeeruteiieiiieriieiieesieesiteette st et e stteeteesteesbeesatesabeesatesabeessbessseenbaesnbeeseesaseenseesanes 1130
42,47 LPTMR INEEITUPL. c..vinietiietiiet ettt ettt ettt ettt bbb et bbbt bbb e st b e st e b et e b et e b et ebenaebeneene 1130
Chapter 43
Carrier Modulator Transmitter (CMT)
LG T8 B 114 (T L1 6 (o) s O USRS 1133
A3.2 FRAIUIES. c.c.veviititeteetetet ettt sttt ettt et et et b bt b s a e et b bttt et e a e bbbt s a e et a et eae 1133
433 BLOCK QIAZTAIMN ce.ttiiutieiieeiteeite ettt ettt et sttt e st e bt e s at e e bt e sabe e beesabeenbeesabeeaseesaseenseesaseeabeesabeenseesnbeenseennbeenbeennnennne 1134
434 MOES Of OPETALION. ...c..evirtitititeteiteit ettt ettt ettt sttt et ettt et ea b e st eaeebe e bt saeeaeebesae st et et et e st ensemtentesteseeueeueebesuenaeas 1135
4341 Wait NOAE OPETALION. .. .eeutiiuiitieitetieite ettt ettt ettt ettt et et e et e bt ea e sbees e sbe e st e s bt enteebeenbesaee bt sbeenbesstenbesanenseas 1136
43,42 StOD MOAE OPETALION. ...uvieuiieririeitieeieette et erttesteestteebeestteeabeesseeeabeesseeeabeessbeeaseessbesaseesstesabeessseenseesnseensaenssenn 1137
43.5 CMT external Signal deSCIIPLIONS. c...ceveutiuteiriietirieetieteste ettt ettt ettt ettt et sbe s st et e b e sa et a e e ensean et eneeneeaeeueereenes 1137
43.5.1 CMT_IRO — INFTared OULPUL......cooueiieriiierieeieit ettt ettt ettt et ettt s et b et sbe e beenee 1137
43.6  Memory Map/reZiStEr AeTINTLION. .....cc.uiiiieiieiiietiecie ettt et sttt et e et et esabeeabeesabeebeesabeenbeesabeenbeesnseenseenes 1138
43.6.1 CMT Carrier Generator High Data Register 1 (CMT_CGHI).....ccccveiiiiinininiiinicnenccececreeeeeee 1139
43.6.2 CMT Carrier Generator Low Data Register | (CMT_CGL1).c..cooiiiiniiiiniiiinienieiceieneeeeeeeeeeeeene 1140
43.6.3 CMT Carrier Generator High Data Register 2 (CMT_CGH2)......cccooviiiiiiniiiiiiiieiecteceeeese e 1140
K64 Sub-Family Reference Manual, Rev. 3, July 2017
36 NXP Semiconductors



Section number Title
43.6.4 CMT Carrier Generator Low Data Register 2 (CMT_CGL2).....c..cccceeuereenireenennee.
43.6.5 CMT Output Control Register (CMT_OC).......oovuiiriiiiieniiieiienieeiieeieeiee e
43.6.6 CMT Modulator Status and Control Register (CMT_MSC)......ccccevieiineenireenenen.
43.6.7  CMT Modulator Data Register Mark High (CMT_CMDI1)....c..ccccceceevvinvencnencnnne.
43.6.8 CMT Modulator Data Register Mark Low (CMT_CMD2)........ccecevvieriiirniienienneene
43.6.9  CMT Modulator Data Register Space High (CMT_CMD3)......ccccccccvvvirininvencnnenne.
43.6.10 CMT Modulator Data Register Space Low (CMT_CMD4)......cc.ccccovvcvininvienennncnne
43.6.11 CMT Primary Prescaler Register (CMT_PPS)......c.cccooviiiiiniiniiicceen
43.6.12 CMT Direct Memory Access Register (CMT_DMA)......c.ccccevieienieninieneieneens

437 Functional deSCTIPIION. c...cuviettiiieititteiteeteet ettt ettt ettt ettt st sae et sbe e saeesaenbees
43.7.1 CLOCK AIVIART ...ttt ettt
4372 CAITICT ZENETALOL. ... eueeutieueeteeiteteeeteeteenteeteenteeteenteeseeteeseesbeeneesseensesbeentesbeensesseenseeseenes
4373 IMOAUIALOT ...ttt ettt sttt et et
43.7.4  Extended SPACE OPETALION......cc.eeruiiriieriierriieiieeritesiteesite st esbtesbeesaeesbeesieesabeesiaesreenes

43.8 CMT interrupts and DIMA ... ...cc.ooiiiiii ettt ettt ettt et e e saeens

Chapter 44
Real Time Clock (RTC)

L T 113 Vo L1 18 (o) s FO OO OSSOSO USROS
44.1.1 FEALUTES ...ttt ettt et
44.1.2  MOdeS Of OPETALION. ....c..iiiiiiiieiieeite ittt ettt ettt ettt e s e e beesbee e e saeesaeeas
44.1.3  RTC Signal deSCIiPLIONS. ......ceueiuerieitieieitieie ettt ettt ettt see et st e e see e eaeenee

442 Re@iSter defiNItION. .. c.eotiiiieiiiieieteet ettt ettt ettt et sbe et s nae s
44.2.1 RTC Time Seconds Register (RTC_TSR).....cccceeriiiiriiiiiiiiiiiiiceeeeeeeeee
4422 RTC Time Prescaler Register (RTC_TPR)......ccccooiiiiiiiiiniiieieeeeeeece e
44.2.3 RTC Time Alarm Register (RTC_TAR).....cccceoviiririininiinienieneeieeeeeecee e
44.2.4  RTC Time Compensation Register (RTC_TCR).......cccceeveiriiiniiniiinieniieieeieeeene
44.2.5 RTC Control Register (RTC_CR)....cc.ceouiiiiiiiieiieiieieeee et
44.2.6 RTC Status Register (RTC_SR)....cccoeiirimiiniiiiniiieneeienecceeeee et
44.2.7 RTC Lock Register (RTC_LR)...cc.cooiuiiiiiiiiiiiieiieiie ettt

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors

37



Section number Title Page
44.2.8  RTC Interrupt Enable Register (RTC_IER)......ccccoiriiriiiiniiiiiieieieesteestee ettt 1168
44.2.9 RTC Write Access Register (RTC_WAR).....cocuiiiiiiiii ettt 1169
44.2.10 RTC Read Access Register (RTC_RAR).....cccuiiuiiiiieiieet ettt 1170
443 FUNCHONAL AESCTIPIION. c..cutiiteiiieititeette sttt ettt ettt ettt et e bt et ea e sb e ebt e et e st e s bt eate s bt eabeebeesbesbeenbeebeenteebeenbeebeenaeeae 1172
44.3.1 PoWer, CLOCKING, ANA TESEL.......eeiuiiiiiiiieiiieite ettt ettt et ettt e bt et e st e s bt esateeabeesabeenseenaee s 1172
44.3.2  THIMN@ COUMET ...euuteutieiietteiteeteeite et et e et eate et e et e et e en bt et e enteesee bt e aeeeaeeaeesbeemeeebeemseebeemteeseenteeseenteeseenseeneenbeeneenneeneas 1173
44.3.3  COMPENSALION. .....eutintieiiiteeitenteete st et sttt sttt e ett et e eateebeesteebeestesbee bt sbtenbeebte bt ee b e bt ea b e s bt estesbeenteebeeteeseenaeeneen 1174
4434 TIME AIATIN c..eetiiiiiiiei ettt ettt ettt et e bt et e ae et et a e et ae e s h e a e ae e eae e 1174
4435 UPALE TNOAE.......eeneieiietteiiete ettt ettt ettt ea et e s et e e st e s bt ea e e st e eate s bt embeebeemteeseenbeeseenteeseenbeenee bt eneenaeeneas 1175
443,60 REZISTET LOCK.....eitiiiiiiiiieite ettt ettt a bbbt bt eat e s bt et sae e bt sbeenbeebtenbeeane b e 1175
44377 ACCESS COMIIOL...ceiiiieiiiiiieieeit ettt et et et et ettt e ettt e b et eaeesaeesnesaeennesaeesnesunennens 1175
438 IIEEITUPL. .eeneetieie ettt ettt ettt ettt et h et e e a e bt e et e b e es e e bt ea e et e em e e eb e emteeheenbeeeee bt ea e e beemeenbeenbeabeennenneans 1175
Chapter 45
10/100-Mbps Ethernet MAC (ENET)
LT B 113 Vo L1 s (o) s WO OO OO 1177
5.2 OVEIVIBW..eoutiitinieiiiete ettt ettt ettt ettt e ht ettt a e e et s bt ea e s bt et eh e e st e eb e et e e bt e eb e e st e e bt ea bt sb e embeeb e et e eb b e bt et s e bt eat e bt e st e sbee et naee 1177
45.2.1 FEALUTES. ...ttt ettt ettt b e sae et st ea e st ae e nneeanen 1178
4522 BLOCK QIAGIAIMN.c..ccuiiitieie ittt ettt ettt ettt ettt et e s b et e eb e et e e st et e eae e bt en e e ebeenteebeebesbeebeeneenteas 1180
45.3  EXternal SIZNal dESCIIPIION. c..ceuieutirtiritinteeterieetertt ettt ettt ettt et eb et eat e sb et e s bt et e s bt et e s bt esbe s bt esbeebe et e ebeentesbeenaeeaee 1181
454  Memory map/reZiStET AETINTLION. ....ccc.eiiiiiiieiieetie ettt sttt e e e bt e st e et e e sabe e bt e sabeebeesateebeesaneenbeenas 1183
45.4.1 Interrupt Event Register (ENET_EIR)......ccooiiiiiiiiiiieeeeeee ettt sttt 1188
45.4.2  Interrupt Mask Register (ENET_EIMR)....c...cccoooiiiiiiiiniiiiniiitcctccsteesee et st 1191
4543 Receive Descriptor Active Register (ENET_RDAR).......cooiiiiiiiiiiieiieeeeee et 1194
45.4.4  Transmit Descriptor Active Register (ENET_TDAR).......cccccviiiminininininencceeeceree e 1194
45.4.5 Ethernet Control Register (ENET_ECR).....c..cociiiiiiiiiiiiiiieiteentceeteeetee ettt 1195
45.4.6  MII Management Frame Register (ENET_MMFR).......cccccooiiiiiiiiiiniiiieieeeeeeee et 1197
45.477  MII Speed Control Register (ENET_MSCR)......ccccccoiirimiiiiinieiiiiiiieieteteiteese et 1198
45.4.8 MIB Control Register (ENET_MIBO).....cc.coccirtiiiiiiieiieienieieetcie ettt sttt 1200
45.4.9 Receive Control Register (ENET_RCR)....c.coiiiiiiiiiiiiiiiiiiee ettt ettt 1201

K64 Sub-Family Reference Manual, Rev. 3, July 2017

38

NXP Semiconductors



Section number Title Page
45.4.10 Transmit Control Register (ENET_TCR).....cccccoiiiiriiiiniiiinitiieniteesiteeeitete ettt 1204
45.4.11 Physical Address Lower Register (ENET_PALR).....cc.cooitiiiiiiiiieieceteeeete ettt 1206
45.4.12  Physical Address Upper Register (ENET_PAUR).......cccoiiiiiiiiiee et 1206
45.4.13  Opcode/Pause Duration Register (ENET_OPD).....c..ccccoooiiriiiiniiiiniiieniitcsteieeteeeeeeete et 1207
45.4.14  Descriptor Individual Upper Address Register (ENET_TAUR).....c.cccooviiriiiniiniiiiieeicceeeeeeeeee e 1207
45.4.15 Descriptor Individual Lower Address Register (ENET_TALR).......ccccooiiiiiiniiiieiecec e 1208
45.4.16  Descriptor Group Upper Address Register (ENET_GAUR).....c..ccceeiriininiiiniiiineienceneneeeseeeeeeene 1208
45.4.17 Descriptor Group Lower Address Register (ENET_GALR)......cccooviiiiiiiiiiiiiieieeteeeeeeeeee e 1209
45.4.18 Transmit FIFO Watermark Register (ENET_TFWR)......c.cociiiiiiiiieeeeeeee e 1209
45.4.19 Receive Descriptor Ring Start Register (ENET_RDSR)....c..coccciiiiiiniiiiniiiiiiicccecceeeceeeeee 1210
45.4.20 Transmit Buffer Descriptor Ring Start Register (ENET_TDSR).....ccccoiiiiiiiiiiiiiiiiiceeeeeeeeeee 1211
45.4.21 Maximum Receive Buffer Size Register (ENET_MRBR).......ccccooiiiiiiiiiiieieeeeceeeee e 1212
45.4.22  Receive FIFO Section Full Threshold (ENET_RSFL)........cccoiiiiiiiiiiiiceeeee e 1213
45.4.23 Receive FIFO Section Empty Threshold (ENET_RSEM)......cccciiiiiiiiiiiiiieiieeieecete et 1213
45.4.24 Receive FIFO Almost Empty Threshold (ENET_RAEM).......cccooiiiiiiiiiiieieieeeeeee e 1214
45.4.25 Receive FIFO Almost Full Threshold (ENET_RAFL)......ccoccieoiiiiiiiiiiieese et 1214
45.4.26  Transmit FIFO Section Empty Threshold (ENET_TSEM).....cccccoiiiiiiiiiiiiiieienieeieeee e 1215
45.4.27 Transmit FIFO Almost Empty Threshold (ENET_TAEM)......cccoioiiiiiinieinieie et 1215
45.4.28 Transmit FIFO Almost Full Threshold (ENET_TAFL).....ccccceotiiiiiiiinininesiesieseeieieeeeie et 1216
45.4.29 Transmit Inter-Packet Gap (ENET_TIPG).....cccceiiiiiiiiiiiiiiieieeie ettt ettt st 1216
45.4.30 Frame Truncation Length (ENET_FTRL).....cccociiiiiiiiiiieeieeee et 1217
45.4.31 Transmit Accelerator Function Configuration (ENET_TACC).......cccccoeiiiiiiniiiiinieniinicneetesceie e 1217
45.4.32 Receive Accelerator Function Configuration (ENET_RACC).....ccccoiiiiiiiiiiiiiiiiieeeceeee e 1218
45.4.33 Reserved Statistic Register (ENET_RMON_T_DROP)......c.cccciriiiiiiiiiiieiieieiteeeee e 1219
45.4.34  Tx Packet Count Statistic Register (ENET_RMON_T_PACKETS).....cccccccerveirinieniniinenienenieneeieniene 1220
45.4.35 Tx Broadcast Packets Statistic Register (ENET_RMON_T_BC_PKT).....ccccceviiiiniiniiiiiinieiie e 1220
45.4.36 Tx Multicast Packets Statistic Register (ENET_RMON_T_MC_PKT).....ccceoiiimiinieinieeeeeeeneen 1221
45.4.37 Tx Packets with CRC/Align Error Statistic Register (ENET_RMON_T_CRC_ALIGN)......c.ccceccecvenennee. 1221
45.4.38 Tx Packets Less Than Bytes and Good CRC Statistic Register (ENET_RMON_T_UNDERSIZE).......... 1221

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 39



Section number Title Page
45.4.39 Tx Packets GT MAX_FL bytes and Good CRC Statistic Register (ENET_RMON_T_OVERSIZE)........ 1222
45.4.40 Tx Packets Less Than 64 Bytes and Bad CRC Statistic Register (ENET_RMON_T_FRAG)................... 1222
45441 Tx Packets Greater Than MAX_FL bytes and Bad CRC Statistic Register (ENET_RMON_T_JAB)...... 1223
45.4.42 Tx Collision Count Statistic Register (ENET_RMON_T_COL).....ccccccceeriniininiiiinieiinieniceienieeeeseenes 1223
45.4.43 Tx 64-Byte Packets Statistic Register (ENET_RMON_T_PO4)........cccceriiiiiiniiiiiinieiieenieeeesteeee s 1223
45.4.44 Tx 65- to 127-byte Packets Statistic Register (ENET_RMON_T_P65TO127).....cccceceiirieniiieniiienenee. 1224
45445 Tx 128- to 255-byte Packets Statistic Register (ENET_RMON_T_P128TO255)....cc.ccccevvvevirvienenvencnnne. 1224
45.4.46 Tx 256- to 511-byte Packets Statistic Register (ENET_RMON_T_P256TOS511)....cccccevieriirniinieaiennenn 1225
45447 Tx 512- to 1023-byte Packets Statistic Register (ENET_RMON_T_P512TO1023)....cc.ccccevireenereenenen. 1225
45.4.48 Tx 1024- to 2047-byte Packets Statistic Register (ENET_RMON_T_P1024TO2047)......cccccevvererruencnnee. 1226
45.4.49 Tx Packets Greater Than 2048 Bytes Statistic Register (ENET_RMON_T_P_GTE2048).........ccccveeueeee. 1226
45.4.50 Tx Octets Statistic Register (ENET_RMON_T_OCTETS).....coitertiiieieiieieeieeeeieseeeee et 1226
45.4.51 Reserved Statistic Register (ENET_IEEE_T_DROP)........ccccocciiiiiniiiiniiiinieeeeteeee et 1227
45.4.52  Frames Transmitted OK Statistic Register (ENET_IEEE_T_FRAME_OK)......ccccccceceninineninenenenennn. 1227
45.4.53 Frames Transmitted with Single Collision Statistic Register (ENET_IEEE_T_ICOL).......ccc.cccccevveurnnee. 1228
45.4.54  Frames Transmitted with Multiple Collisions Statistic Register (ENET_IEEE_T_MCOL).........c..ccc...... 1228
45.4.55 Frames Transmitted after Deferral Delay Statistic Register (ENET_IEEE_T_DEF)........ccccccoceiniinnennneen. 1228
45.4.56 Frames Transmitted with Late Collision Statistic Register (ENET_IEEE_T_LCOL)..........ccccccocverennennen. 1229
45.4.57 Frames Transmitted with Excessive Collisions Statistic Register (ENET_IEEE_T_EXCOL)................... 1229
45.4.58 Frames Transmitted with Tx FIFO Underrun Statistic Register (ENET_IEEE_T_MACERR).................. 1230
45.4.59 Frames Transmitted with Carrier Sense Error Statistic Register (ENET_IEEE_T_CSERR)..................... 1230
45.4.60 Reserved Statistic Register (ENET_IEEE_T_SQE).......ccccootiniiiiniiiiniiienieeeteeeeeneeee et 1230
45.4.61 Flow Control Pause Frames Transmitted Statistic Register (ENET_IEEE_T_FDXFC).......ccccccccceveuernuen. 1231
45.4.62  Octet Count for Frames Transmitted w/o Error Statistic Register (ENET_IEEE_T_OCTETS_OK)......... 1231
45.4.63 Rx Packet Count Statistic Register (ENET_RMON_R_PACKETS)......ccccectenirriiminiinieineeneneereneene 1232
45.4.64 Rx Broadcast Packets Statistic Register (ENET_RMON_R_BC_PKT).....cccccceiiiiniiniiiiiiiniceienieeeee 1232
45.4.65 Rx Multicast Packets Statistic Register (ENET_RMON_R_MC_PKT)......ccccevirriniriiniieenieeceieen 1232
45.4.66 Rx Packets with CRC/Align Error Statistic Register (ENET_RMON_R_CRC_ALIGN).......ccccccceevennnne. 1233

K64 Sub-Family Reference Manual, Rev. 3, July 2017

40

NXP Semiconductors



Section number Title Page

45.4.67

45.4.68

45.4.69

45.4.70

45.4.71

45.4.72

45.4.73

45.4.74

45.4.75

45.4.76

45.4.77

45.4.78

45.4.79

45.4.80

45.4.81

45.4.82

45.4.83

45.4.84

45.4.85

45.4.86

45.4.87

45.4.88

45.4.89

45.4.90

45.4.91

45.4.92

45.4.93

45.4.94

Rx Packets with Less Than 64 Bytes and Good CRC Statistic Register
(ENET_RMON_R_UNDERSIZE)........ccioteiiieiieiiieinieieteieieeeeee ettt 1233

Rx Packets Greater Than MAX_FL and Good CRC Statistic Register (ENET_RMON_R_OVERSIZE). 1234
Rx Packets Less Than 64 Bytes and Bad CRC Statistic Register (ENET_RMON_R_FRAG).................. 1234

Rx Packets Greater Than MAX_FL Bytes and Bad CRC Statistic Register (ENET_RMON_R_JAB)..... 1234

Reserved Statistic Register (ENET_RMON_R_RESVD_0).....cccciiiiiiiiiiiiiiieeeeeeeee e 1235
Rx 64-Byte Packets Statistic Register (ENET_RMON_R_PO4).......ccccccciniiiiniininiiiinicieeicnceicceeee 1235
Rx 65- to 127-Byte Packets Statistic Register (ENET_RMON_R_P65TO127)....cccccevviiiniiniiiiienieeeenn, 1236
Rx 128- to 255-Byte Packets Statistic Register (ENET_RMON_R_P128TO255).....cccccceeverienenieiinnenne 1236
Rx 256- to 511-Byte Packets Statistic Register (ENET_RMON_R_P256TOS511)....cccccoceeviinivveniincnnnnn 1236
Rx 512- to 1023-Byte Packets Statistic Register (ENET_RMON_R_P512TO1023).....ccccccevvevrvvercnnenne. 1237
Rx 1024- to 2047-Byte Packets Statistic Register (ENET_RMON_R_P1024TO2047)....cccccvevervenennnnnee 1237
Rx Packets Greater than 2048 Bytes Statistic Register (ENET_RMON_R_P_GTE2048)........c.cccccceeeunen. 1238
Rx Octets Statistic Register (ENET_RMON_R_OCTETS)...cc.ctoiiiiiiiiieiieeieeriteiteeeeeiee et 1238
Frames not Counted Correctly Statistic Register (ENET_IEEE_R_DROP)........cccccooiniiiiiiiniiicee, 1238
Frames Received OK Statistic Register (ENET_IEEE_R_FRAME_OK).......ccccccceveriininiiininiinenienene 1239
Frames Received with CRC Error Statistic Register (ENET_IEEE_R_CROC)......ccccccoceviinininincncniienne 1239
Frames Received with Alignment Error Statistic Register (ENET_IEEE_R_ALIGN)........cccccceeeniniennen. 1240
Receive FIFO Overflow Count Statistic Register (ENET_IEEE_R_MACERR)........cccccoccoceniriininciinnnn. 1240
Flow Control Pause Frames Received Statistic Register (ENET_IEEE_R_FDXFC)........cccccccovviiinienienne 1240

Octet Count for Frames Received without Error Statistic Register (ENET_IEEE_R_OCTETS_OK)....... 1241

Adjustable Timer Control Register (ENET_ATCR).....cccccoiiiiiiriiiiniinieiencee et 1241
Timer Value Register (ENET_ATVR)...cooiiiiiiiiiii ettt st 1243
Timer Offset Register (ENET_ATOFF).......ccooiiiiiiiee ettt st 1244
Timer Period Register (ENET_ATPER)........cccoeoiiiiiiiiiiintt ettt 1244
Timer Correction Register (ENET_ATCOR).....c.cooiiiiiiiiieiiei ettt 1245
Time-Stamping Clock Period Register (ENET_ATINC).....cc.coctiiirierieieeiiereeeseee e 1245
Timestamp of Last Transmitted Frame (ENET_ATSTMP).......cccccoiriiniiiiniiiiniencieceeeeeeeeeeeeeeee 1246
Timer Global Status Register (ENET_TGSR).......cooiiiiiiiiiiiiiiieiecesetese ettt st 1246

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 41



Section number Title Page
45.4.95 Timer Control Status Register (ENET_TCSRZ).....cccccoiiiiiiiiiiiiiiiieieecetee et 1247
45.4.96 Timer Compare Capture Register (ENET_TCCRI).....cccviiiiiiiiiiiiiieeieesiteeieese ettt 1248

45.5  FUNCONAl ESCIIPION. ....c.eeuiiuiiiiiiiitietieterte ettt ettt ettt et e a ettt a e st b et ettt et et eseebteaeebeeaeebeebesaestene e 1249
45.5.1  Ethernet MAC frame fOIMALS. ........coiiiriiiiiiiiiiiiiiiieictcct ettt s s 1249
45.5.2 TP and higher layers frame fOrmMat..........coceoiiiiiiieiiiiie ettt sttt et e e s 1252
45.5.3  TEEE 1588 MESSAZE TOIMALS. ....cueiietieiiitietietieteetiett et te sttt sttt e steete s bt eetesbeente et e ent e et e anteeseenteeneenseeneenneeneas 1256
45.5:4  IMAC TECEIVE. ...ttt et ettt ettt et ea e bt b e s a e et be bt eae 1260
45.5.5  MAGC trANSIIL. ..ottt e 1266
45.5.6  Full-duplex flow CONIOl OPEIALION. .....cuiitietietieiietieteetie et sttt ettt ete st ente et e b e et enteeseebeeseeseeeneesneeneas 1270
45.5.7  MAagIC PACKEE AELECTION. ¢ ..evieuiiiieieitteteeitet ettt ettt ettt ettt b et sb et ettt eb b e bt e bt e sbeenaesbeenaenaeen 1272
45.5.8 TP accelerator fUNCHIONS. ........ccociiiiiiiiiiiiiiiie e s s 1273
45.5.9  Resets and SLOP CONLIOIS. ..uiuirtitirieietetetet ettt ettt sttt sttt ettt et et eaeeateae bt e bt saesaeebe s b saesenennens 1277
45.5.10  IEEE 1588 fUNCHOMS. c.c..cctitiuiiiiiiitiieieietenteteneeiest ettt ettt ettt ettt sttt sttt sttt et et ebeneene e 1280
45.5.11  FIFO threShOLAS. ....c.oeuiieiiieiiiciiicisc ettt 1284
45.5.12  LOOPDACK OPLIOMS. ....veuieiieiietieiieetieteette it et te st e eteste et e saeeetesbeeseesbeemseebeenteeseeneeeseeneeeaeanbeemeenseemeesseeneesseensansean 1287
45.5.13  Legacy DUITEr deSCIIPLOLS. . ..cerutiiiriiiieiteeteniteteet ettt ettt sttt ettt eb et e a et e bt et e e sbeenaesbeenaesaeen 1288
45.5.14  Enhanced DUTTer deSCTIPLOTS. ... coiuuiiiieiieiiieriteetee sttt ettt ettt e st bt e sttt e bt e satesabeesabeenbeesnneenbeenseeas 1289
45.5.15  Client FIFO application INEEITACE. .......ccoueriiriirieieieieteiieiieitete ettt sttt ettt ea et s sae b saenen 1295
45.5.160  FIFO PrOtECTION. c..eeutetieutieitenteettete ettt et est ettt et sb et e bt et eb e et satesae e bt e bt eate s bt esbesbeesbenbeesbesbeenbesbeenteebeenseenee 1298
45.5.17  Reference ClOCK........ccooiiiiiiiiiiiii e 1300
45.5.18 PHY management iNEITACE. ........ceouiiuiiiiitieiietiete ettt sttt et et et e et et e eseenbeeneenaesneenaeeneas 1301
45.5.19  Ethernet iNtErfaCes. ........coueiiiiiiiiiiiiiiitietee ettt sttt e s et 1304

Chapter 46
Universal Serial Bus Full Speed OTG Controller (USBFSOTG)

460.1  INEOAUCHION. ...ttt ettt et b bbb e s bt et b et s ettt e bt et ebeeb e e b e saesa et e b e e ennen 1309
46.1.1 RELEIEINCES. ... e 1309
A0.1.2  USBu ittt h et b et bt bbbt bt e bt b ettt ettt b et ne 1310
46.1.3  USB ON-TRE-GO..einiiiiiiieicesc ettt ettt sttt b ettt 1311
46.1.4  USBES FRAUIES. .....oouiiuiiiiiiiiiiiiiieeee ettt s ea e 1312

K64 Sub-Family Reference Manual, Rev. 3, July 2017

42

NXP Semiconductors



Section number Title Page
46.2  FUNCHONAL AESCTIPIION. c..cutiiteitieititeeite sttt ettt ettt ettt ettt bttt e b e sb e e bt e se e e st e s bt eate s bt eateabeesbesbeesbeebe et e ebeenbeebeenaeenee 1312
46.2.1 Daata STIUCKUES. ....cueiuiiiiiiiiiiiti ittt eae e eaesbe e e ae 1312
46.2.2  On-chip transceiver required external COMPONENLS. ..........ccueruieriirieriieienteeterteeeesteerte st et seee e eieesteeneeseeenee 1313
46.3  Programmers INTETTACE. .......ccuevutiiirietiettete ettt ettt ettt et be et b et e bt aeebeesbe e st e sbeeat e s bt et e s bt et e sbeesneebeenee 1315
46.3.1 BUffer DesSCriptor TabIE........coouiiiiiiieiieeteee et ettt ettt e st e bt e st e s beesaeeeabes 1315
46.3.2  RXvs. TX as a USB peripheral device or USB hOSt..........coiiiiiiiiiiieiicieeee et 1316
46.3.3  AdAressing BDT @NIIES......couertirtiiiirieiteiteeiteeteetestt ettt ettt ettt ettt ettt et b et s bt eeb bt et st e et ebeeneeneee 1317
46.3.4 BUuffer Descriptors (BIDS)....coouueiuiiiieiieeite ettt sttt st ettt et et sttt et sareens 1318
46.3.5  USB trANSACTION. 1.t eeutitieuiietiete ettt ettt ettt ettt et et e bt ese e bt eseeebeeaeeeaeembesseembeeseensees s e bt eneeeseenteeseensesaeenaeeneas 1320
46.4 Memory map/Register AefINItIONS. .......co.eitiriieiiriieiertcete ettt ettt sttt ettt et et sbeebnesbeeanenbeean 1322
46.4.1 Peripheral ID register (USBX_PERID)........cocuiiiiiiiiiiii ittt st 1325
46.4.2  Peripheral ID Complement register (USBX_IDCOMP).........cccciriiiiiiiiiiieieeeeeeee e e 1325
46.4.3  Peripheral Revision register (USBX_REV).....cccooiiiiiiiiiiiiii et e 1326
46.4.4  Peripheral Additional Info register (USBX_ADDINFO)........ccccooitiiiiiniiiiieieeieerite et 1326
46.4.5 OTG Interrupt Status register (USBX_OTGISTAT).....cc.coiiiiiiiiiienteeeeeseeeeieeeee e 1327
46.4.6  OTG Interrupt Control register (USBX_OTGICR).......ccceoiiiiiriiiiieieee et 1328
46.4.7 OTG Status register (USBX_OTGSTAT)....cccuiiiiieiieie ettt ettt ettt sttt eseneenees 1329
46.4.8 OTG Control register (USBX_OTGCTL)....cccueiiiiiiiiieeitenieeteeste ettt ettt st ettt e 1330
46.4.9  Interrupt Status register (USBX_ISTAT)...cc.coiiiiiiiiiiiieieeeee ettt s 1331
46.4.10 Interrupt Enable register (USBX_INTEN)........coctiitiiiiiiiiiitiieeetsecteeest ettt s 1332
46.4.11  Error Interrupt Status register (USBX_ERRSTAT)....cccuooiiiiiiiiieiiieeeeteeeete ettt 1333
46.4.12  Error Interrupt Enable register (USBx_ERREN)....c..ccocciiiiiiiiiiiinininieeceecteceeeeeese e 1334
46.4.13  Status re@iSter (USBX_STAT).c..ui ittt ettt st sttt et esbe e beeanenaeens 1335
46.4.14  Control 1€ZiStET (USBX_CTL).cc.uiiiiieiieeiiieiieeie ettt sttt ettt st e et e st e et e st e eaeesatessbeesaneenbeesnsesnseenes 1336
46.4.15  Address register (USBX_ADDR)....c..cccooiiiiiiiiiic ettt 1337
46.4.16 BDT Page register 1 (USBX_BDTPAGEL)......cccioiiiiiiieieeeee ettt 1338
46.4.17  Frame Number register Low (USBX_FRMNUML).....c..ccccovitiiiimiiiiiiiieiieienteeetee et 1338
46.4.18  Frame Number register High (USBXx_FRMNUMH).......cccccoiiiiiiiiiiiiiinitiieeeeete et 1339
46.4.19 Token register (USBX_TOKEN)........cotiiiiieiiiieit ettt sttt st enae st esbeeseesbeeseenbeennenaens 1339

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 43



Section number Title Page
46.4.20  SOF Threshold register (USBX_SOFTHLD)........ccccocteiiiiiniiiiniieieniteteseeeeeete sttt 1340
46.4.21 BDT Page Register 2 (USBX_BDTPAGE?2)........cooiiiiiiiiiiiieie ettt ettt 1341
46.4.22 BDT Page Register 3 (USBX_BDTPAGE3).....c.ccccotiimiiirieneneceeeteeeeeeeeet ettt 1341
46.4.23  Endpoint Control register (USBX_ENDPT)......cccccoiiiriiiiniiieiiieiee ettt 1342
46.4.24 USB Control register (USBX_USBCTRL)....cc.ccootiiiiiiiieiiieiteiie ittt ettt st saesnne e 1343
46.4.25 USB OTG Observe register (USBx_OBSERVE)........ccccoiiiiiiiiiiiictetceeeeeeeceese e 1344
46.4.26  USB OTG Control register (USBx_CONTROL)........cccoeotiiiriiniieiiiieie ittt 1344
46.4.27 USB Transceiver Control register 0 (USBx_USBTRCO)......c..ccceriiiiiniiiiiniiiiniieeenceeseee e 1345
46.4.28 Frame Adjust Register (USBX_USBFRMADIJUST).....ccocccoiiiiiinirineeneeneeree ettt 1346
46.4.29 USB Clock recovery control (USBx_CLK_RECOVER_CTRL)........cccceriiiiiieieieteeeeese e 1347
46.4.30 IRC48M oscillator enable register (USBx_CLK_RECOVER_IRC_EN)......cccccectiiiiniiniinieniinienieneneneen 1348
46.4.31 Clock recovery combined interrupt enable (USBx_CLK_RECOVER_INT_EN)......ccccccceviiiiniiniieniennnen. 1349
46.4.32  Clock recovery separated interrupt status (USBx_CLK_RECOVER_INT_STATUS)......ccceevevievenieinne 1349

46.5 OTG and HOSt MOAE OPEIALION. ....c..teutieuietieiienteettertt et sttt et st e et e e e bt e bt et e e bt eatenbeeseesbeestesbeembeabeentesbeensesbeenseeseenee 1350

46.6  Host Mode Operation EXAMPIES.........coouiiiiiiiiiiiiiiieiiteiteete et steestte st e it e sibeesteesateesbeesasessbeessseenseesssesseesssesnseessesnse 1350

46.7  ON-TRE-GO OPEIALION. .......eiuiiuiieiiiiietiettete et ettt ettt et et et et et et e et e e e s et e nesae e s e s aeeaseesn et e eas et e ennesneennesaeennesae 1353
46.7.1 OTG dual r0le A deVICE OPETALION. .....ccuiruieiiriietieiteeteeite ettt ettt ettt et e st eitesb et sb e et ebe et e eseenbeeneeseeeneenaes 1354
46.7.2  OTG dual 10le B deVICE OPETAtION. .....eiruiiiiieriieeiieeteetteeite ettt ettt e sbe et esbbeebeesseesabeesaaesnbeesaneenseenses 1355

46.8  Device MOde TRCAS OPETALION. ......couertiiiiiieiieiieieitet ettt ettt ettt ettt ettt sa e st b ettt e e et et enee st ebeebesae et b nee 1357

Chapter 47
USB Device Charger Detection Module (USBDCD)

L T = S T OSSR SRSRRPRRR 1359
47.1.1 RELETEIICES. ...ttt ettt ettt e b bbbt s a e nen 1359
47.1.2  Acronyms and aDDIEVIALIONS. ...cc.eertieriieritertieeteetee st eite sttt et e st e e beesateeabeesabeenbeesbseeseesseesaseesasesnbeesssesnseenns 1359
47.1.3 GLOSSATY ...ttt ettt et st st st e et et e e bt e et e e a e e sa e s ae et s ae e aesan e neeane b e eanenteeas 1360

7.2 INEOAUCHION. ...ttt ettt ettt et et b e bbbt b e s b et se e et et e st e bt e aeeue et e ebesaesa e b e b e saennen 1360
47.2.1 BIOCK QIAGTAIM...ccueiiiiiieiie ettt ettt ettt et e s bt e satesab e e s et e e st e esbbeesbeeseesabeenaeesabeesasesnseens 1361
AT.2.2  FRALUTES. ..cuutteutteeiie ettt ettt ettt e b et ettt e s a bt et e s bt e et e e e bt e e bt e eat e ea bt e shb e e ab e e eb b e e bt e eht e e bt e eate et e e nabeeabeenee 1361
47.2.3  MOAES Of OPEIALION. ...c..eeuiieienieitteieeiierte ettt ettt et et e bt eb e bt e st e sbeesee s bt eabesbeeabeebeenbees e et e ebe e bt entesbeeneesaeenaesaees 1362

K64 Sub-Family Reference Manual, Rev. 3, July 2017

44

NXP Semiconductors



Section number Title Page
47.3  Module SIZNAl AESCTIPIIOMS. ....eeteeititeeiterteete ittt ettt ettt et ettt ettt et s bt et s bt e besbee s bt ee s e bt eebesbeeateebeenteebeeeesbeenaeennen 1363
47.4  Memory Mmap/ReZISIET AfINTION. ...cc..iiitiiiiiiiiiiieiie ettt ettt et e st e e bt e sabeebeesabeebeessbeebeesaneenne 1363
47.4.1 Control register (USBDCD_CONTROL).....c..cooiiiiiiiiiiieiteeeet ettt ettt 1364
47.4.2 Clock register (USBDCD_CLOCK).....cccutotimiiieniiienieeienie ettt ettt sttt sttt sttt sbe e sbeennesieens 1366
4743  Status register (USBDCD_STATUS)....c..cooiiiiireiieireereteet ettt 1367
4744  TIMERO register (USBDCD_TIMERO)........ccooiiriiiniiinieinietsieteeesetstee ettt 1368
474.5  TIMERI register (USBDCD_TIMERT).....ccccooiiniiiniiiniineirctncncteeee ettt 1369
474.6  TIMER2_BC11 register (USBDCD_TIMER2 _BCI1).....cccccooiimiiiiiiiiiieieeceeeeeeeee e 1370
4747  TIMER2_BCI12 register (USBDCD_TIMER2 _BCI12).....cccccooiimiiniiiriinieinieeieeerenesieseeie e 1371
47.5  FUNCHONAL AESCTIPIION. c..cutiiteitieititeeiteste ettt sttt ettt ettt e at et e bt sb e eat e se e e st s bt e st e s bt esbeebeesbe e bt esbeebe et e ebeenteebeenaeeaee 1371
47.5.1 The charger deteCtioN SEQUEIICE. .....cevueruteiiieriieeiteeiteetee sttt et e ette et e st e et esbae e bt esbeesbeesbeesabeesbeesateenbeesnseennes 1373
47.5.2  INEEITUPLS QNG EVEINLS. ...cutiiuietieiiietiete et ettt et e st e e et e est et e ea e et e en b e et e e et es e e beestenbeemeesseemtesbeenseabeensesseenseeseenes 1385
AT7.5.3  RESELS .ottt e b h e a ettt ettt et et eae e 1386
47.6  Initialization INFOIMAtION. .......c.coiiiiiiiiiiiiiii e 1388
477 APPLCAtION INFOTTNATION. .....eetieiieitiett ettt ettt ettt ettt ettt et e st e et e e st e sueen et saeebesb e e beeseenbeesse bt ensesseeneesseeneeenee 1388
47.7.1 EXIEINAL PUITUPS ...ttt ettt ettt et be et bt et e bbb e b eaee 1388
47772 Dead OF WEAK DALLETY ....eiiiiiiiiiiiieeiieeite sttt ettt ettt ettt e bt e et e bt e s bt e bt e sabeessbesabeesbaeenseenseenn 1388
47773 Handling UNPIUZ ©VENLS.....c.coiiuiiiriiitiiterientetentetetet ettt ettt st et ettt s et ea et ebesaesbe b saesaennen 1389
Chapter 48
USB Voltage Regulator (VREG)
LT B 113 (o L1t s (o) s WO OO P TR PSPSRRP 1391
AB.1.1  OVEIVIEW ..ttt sttt ettt ettt ettt sttt sttt et et h et bt bt b et be e b et s a ettt sa et ene e 1391
A8.1.2  FRAIUIES.....oiuiiiiiiiiiiiii e e et 1392
48.1.3  MOAES Of OPCIALION. .....eiuiiuiiiieiieiirtietietest ettt ettt ettt ettt ettt st sttt se et ettt et eaeebeebesaesaeebesbesaennen 1393
48.2 USB Voltage Regulator Module Signal DeSCIiPtioNS. ....c..ceverieriirieiineeienieeie ettt ettt sttt 1393
Chapter 49
CAN (FlexCAN)
9.1 INEOAUCHION. ...ttt ettt et b bt bbb bbb e ettt a et eaeeb e b e saesa et sbesaennes 1395
49.1.1 OVEIVIEW. ...ttt sttt ea e b b sa e b e b saesaeaeaas 1396

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 45



Section number Title Page
49.1.2  FleXCAN mMOUIE FEALUIES......cc.evuiiiiiiiiiiiiiiieieieecteee ettt s s s 1397
49.1.3  MOAES OF OPETALION. ....c..viiiiiriiieitieeiteette sttt ettt ettt et e st e e bt e sabeesbbe e bt esbaesabeesstesabeessbeeabeessbeenseenseenn 1398
49.2 FIeXCAN SIZNAL AESCIIPLIONS. .. .cuviuteuieuieuiiiieiietieiteit ettt sttt sttt ettt et ettt e be bbbt s e et et s et easenn et eneeneeaeeueereenes 1400
49.2.1 CAN RX ottt e et b e bbbttt e en e e 1400
49.2.2 CAN TX it 1400
49.3  Memory map/re@ister defINItION. ....c..ccueiiiiiiiiiiiirierc ettt ettt sttt ettt ettt eae b saea 1400
49.3.1 FIEXCAN MEMOTY MAPPING.c..cutitieutirieeienitetenttente ettt ettt ett et eet e bt estesbeestesbeeseesbeesaesbeenaesbsenbeessenbesanenseens 1400
49.3.2  Module Configuration Register (CANX_IMCR)......cccueiiiiriiiiiiiiiiiieeeeee ettt 1404
49.3.3 Control 1 register (CANX_CTRILL)....coiiiiieieeeee ettt ettt e e s enaeeneas 1409
49.34  Free Running Timer (CANX_TIMER)......cccccotrtiiiiiiiiiieeteieee ettt 1412
4935 Rx Mailboxes Global Mask Register (CANX_RXMGMASK).......cooiiriiiiiiniiriieieeieeee e 1413
493.6  Rx 14 Mask register (CANX_RXTAMASK).....cocirimimirinetenetetetet ettt sttt ettt sae e 1414
49.3.7 Rx 15 Mask register (CANX_RXTISMASK).....ooiiiiiiieieiieeee ettt 1415
49.3.8 Error Counter (CANX_ECR).......ooi oot e et e e e e et e e e eenaaaeeeeeeearaeeeas 1415
49.3.9 Error and Status 1 register (CANX_ESRI)....ccoiiiiiiiiiiiiiie ettt 1417
49.3.10 Interrupt Masks 1 register (CANX_IMASKI ) ..cc.cciiiiiiiiiiiiinieenestetcerteeeeeeeteee et 1421
49.3.11 Interrupt Flags 1 register (CANX_TFLAGI).....coiiiiiiiiiiiiiiiietee ettt 1421
49.3.12  Control 2 re@ister (CANX_CTRIL2)...c..coiiiiiiiiieieet ettt ettt ettt st e st esibeensaessee s 1424
49.3.13  Error and Status 2 register (CANX_ESR2)......ccooiiiiiieeeeeee ettt 1427
49.3.14 CRC Register (CANX_CRCR)...c.ccciiiiiiiiiiiiiiieseeeeeet ettt s 1428
49.3.15 Rx FIFO Global Mask register (CANX_RXFGMASK)......cccteriiiiiiieiiienieeieerte ettt 1429
49.3.16  Rx FIFO Information Register (CANX_RXFIR)......cc.cccccoiiiiiniiiiniiiieceeeeeeceee e 1430
49.3.17 Rx Individual Mask Registers (CANX_RXIMRI).....cc.coiiiiriiiiiieie et 1431
49.3.34  Message DUTET STIUCTUTC. ......ccuiitiiiiiiiiieieeicete ettt ettt sttt ae bt nae s bt esbesanebeas 1432
49.3.35  RXFIFO SIUCTUTR. ....ccuoiuiiiiiiiiiiiiiiiiiicic sttt e 1437
494 FUNCHONAl ESCIIPLION. ....c.eiuiiuiiiiiiiiiiitieteste sttt ettt ettt ettt st sa bt ettt et et estebt e bt ebeeueebeebesaeeae s e 1439
49.4.1 TTANSINEL PIOCESS. ... veuveetentteitettett et eet et et et e bt eatesbeeate s bt eab e et e e st e e bt et e eb e et e e bt e sbeemeesbe e et sbee bt ebs et e ebne bt eseenbeenee 1440
4942 ATDITALION PTOCESS. +eeuvteurtetterureentteeteerteesteesttesuteesteeesse ettt aabeesstesabeassteaabeessteaaseensteeabeenseesabeesasesabeesaseeseenanes 1441
49.4.3  RECEIVE PIOCESS..cuveuveureurenreneeureuteutetteueettesestestestesseseeesseatestestesteuteateteabesae et e sete st ensententeneesteseeseebesbesaessennensens 1444

K64 Sub-Family Reference Manual, Rev. 3, July 2017

46

NXP Semiconductors



Section number Title Page
4044 IMALCRING PIOCESS...cutiteeuiirtteteritente ettt ettt ettt ettt e bt e bt et ebtesbe e st e s bt eatesbeeateebt et e et s et e et e e bt entesbeentesbeenaesaeen 1446
4O.4.5  IVIOVE PIOCESS. ..veeureeuteeruttetteeiteestteeuteeteesiteestesateesbteeaseeabeeeabeeaseesabeeseeeabeesbbeeabeenbtesabeenstesabeessbeenseesbseenseenseean 1451
49.4.6 DAL CONCTOIICE. ... .eeuteiieieeiiet ettt ettt ettt ettt ettt e bt e et e be e st e bt es e e bt em b e bt emeeebeemeeeaeenseeseeaesseenaesmeenbeeneanseas 1453
4947 RXFIFO ..ottt ettt sttt 1456
49.4.8  CAN Protocol related fEALUIES. .........eivuiiriiiiieiit ettt ettt et bt et e st e et e eabeesbaeenseenbee s 1458
49.4.9  Clock dOmMAins and FSIIICTIONS. ......eitieutitieteetieteetiente ettt et st et e st e et e e b e es e e beesee et eseesaeeneesseesesseensesneensens 1464
49.4.10  Modes of OPEration AELALLS. .......ccueruteiirtieiieiierte ettt ettt ettt ettt sae sttt eanenae s 1465
E R I B U1 11 a1 ] £SO OO OO O OO UP RO ROURTOPRPRN 1468
49412 BUS INEEITACE. ..ottt ettt ettt et s h et s bt et e b et e es e et e es e e bt emeesae e besaeebeese e beeneenbeententeans 1469
49.5 Initialization/application INTOIMALION. .........co.tiiiriiiiiriitt ettt ettt ettt et sttt st e esnesbeeanenieens 1470
49.5.1 FleXCAN initialiZAtion SEQUEINCE. .......eeruteitieriieeiieitteeite sttt eteeeite st e sitesteesiaeebeesbeesbeesbeesabeesseesaseensaesnseennes 1470
Chapter 50
Serial Peripheral Interface (SPI)
50.1 INErOQUCTION. ...ttt st s sa e s 1473
50.1.1 BIOCK DIAZIAI ...ttt ettt ettt ettt ettt e ae e s bt e s e saeemeesbe et e sbeente e bt enbeeneenteeneenee 1473
SO.1.2 0 FEALUIES ..ottt ettt et b e s a et sa e s a ettt ettt et eae 1474
50.1.3 INterface CONFIGUIAIONS. .....eeiuiiiiiiiiieie ettt ettt e be e st e it e s bt e s bt e eabeesbbeenbeeaee s 1476
50.1.4  MOAES OF OPCIATION. ..cueitieuiitieie ettt te sttt ettt et eet et e eateeteeatesa e e st es e e bt esee bt emeeabeesteabeenbeebeanseeseenseeneenseenee 1477
50.2  Module STZNAl AESCIIPLIONS. .. .eveiuiirieriiiitieitertt ettt ettt ettt ettt et b et s bt ea e sb et be et ebe et ebeesbeeatesaeestesbeesaesbeennesieens 1479
50.2.1 PCS0/SS—Peripheral Chip Select/SIave SEIECT........couiiiiiiriiiiieiieeiese et 1479
50.2.2  PCS1-PCS3—Peripheral Chip Selects 1=3.....cc.cccoiiiriririiininenieteeseeeteretee ettt e 1479
50.2.3  PCS4—Peripheral Chip SEIECt 4........coiiiiiiiiiiiieiieee ettt sttt st et ae s 1480
50.2.4  PCS5/PCSS—Peripheral Chip Select 5/Peripheral Chip Select Strobe..........cccccevvveevieriiienienieinieiieeeee 1480
50.2.5 SCEKASEIIAL CLOCK. ...ttt ettt ettt ettt e e e et et e bt e st e sbe et e sbeembesbeenteebeeneeeneenteene 1480
50.2.6  SIN—=Serial INPUL....cuiiiiiiiiiiieee ettt ettt ettt et b e st sbe et s bt et s bt et e sbe et ebee e eae 1480
50.2.7  SOUT—Serial OULPUL.....cviuiiiiiiiiietiieiereetereee ettt sttt 1481
50.3  Memory Map/RegiSter DEfiNitiON. .......co.iertiiieiiiiieie ettt ettt st e e st b e st e bt e bt e b e ese et e st e nbeeneenaeenee 1481
50.3.1 Module Configuration Register (SPLX_IMCR)......cc.cocuiriiiimiiiiriiiciteeteeetee e 1484
50.3.2 Transfer Count Register (SPIX_TCR).......cooitiiiiiiiiieee ettt st st 1487

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 47



Section number Title Page
50.3.3 Clock and Transfer Attributes Register (In Master Mode) (SPIx_CTARN).....cc.ccccererieninciininiinieicncnn 1488
50.3.4 Clock and Transfer Attributes Register (In Slave Mode) (SPIx_CTARn_SLAVE)......cccoocvvviiiniiiinienienne 1492
50.3.5 Status Register (SPIX_SR)... .ottt ettt sttt sttt st es et e st e teeneenaeenes 1494
50.3.6  DMA/Interrupt Request Select and Enable Register (SPIx_RSER).....c..ccccooiiiiniiiininiiienceienceeeneene, 1497
50.3.7 PUSH TX FIFO Register In Master Mode (SPLx_PUSHR)........cccccoviiriiimniiniieieeiecee e 1499
50.3.8  PUSH TX FIFO Register In Slave Mode (SPIx_PUSHR_SLAVE).....ccccccoiiminininininccieeeeeeeeeceeene 1501
50.3.9  POP RX FIFO Register (SPIX_POPR).......cccccviiiiiiiiiiiciiieineee ettt 1501
50.3.10  Transmit FIFO Registers (SPIX_TXEFRA)......cc.coctiiiriiniiiiieiinte ettt 1502
50.3.11 Receive FIFO Registers (SPIX_RXFRZ)........cociiiiiiiiiiiiiieeeeeee ettt ettt s 1502
50.4  FUNCHONAL AESCIIPIION. c...teiutitienteeitet ettt ettt ettt ettt et e ea e e bt es e e bt ee e e et e ene e et e emeees e e bt saeesbeemeesbeemsesbeenseeseenseeseenseeneeeeenee 1503
50.4.1 Start and Stop of MOAULE trANSTETS. .....cc.eviiriiiiiiii e e 1504
50.4.2  Serial Peripheral Interface (SPI) cONfigUIration..........cocueevuiiiiiiiiiiiiiiieie e 1504
50.4.3  Module baud rate and clock delay Seneration.............ccceeuerierieriereriere e 1508
50.4.4  Transfer FOrMALS........ooiiiiiiiiiie ettt 1512
50.4.5  Continuous Serial Communications CIOCK............cccceciiiiiiiiiiiiiiiii e 1521
50.4.6  Slave Mode Operation CONSIIAINES. .......ceoueitertirierteeiierteeeeetteteeteesteeteesteseeesteeseesseensesteenseeseenteeseesesneenaeenees 1523
50.4.7  INtEITUPLS/DIMIA TEQUESTS. ....veitiiitetieitietteiteettet ettt ettt ettt ettt b e eab e st eat e e bt et e bt e bt eatenbeeatesbeenaesbeennenanens 1523
50.4.8  POWET SAVING TEATUTES. ...couttiiieiiieitieeit ettt ettt ettt ettt et e e bt e st e e sbte s bt e sat e et e e s bteesbeenbeesnbeesseesnbeessbesnseenns 1526
50.5 Initialization/appliCation INTOITATION. .......cerutetirtieieittete ettt ettt ettt et ettt e et e e e steeaeesbeeteebeenbeebeenteeseenbeeseenseeneeneeenes 1527
50.5.1 HOW 10 MANAZE UEUES.......coutetieiiiiieitieitete ettt ettt ettt ettt et sb et bt et sbe e bt sbe e e ebne bt ebeenbeenee 1527
50.5.2  Switching Master and SIAVE MOE..........eoruieriiiiiiiiieeieeete ettt st ettt sb e st s b e st e saaesanes 1528
50.5.3  Initializing Module in Master/S1ave MOES. ........cceeouiriiiriiriieieiieieeiee ettt ettt aesaens 1528
50.5:4  BaUd FAte SEINES. .c..eetirtiitietieiieitente ettt ettt ettt et stt b et e bt eat e bt eatesbees b e sbe e tesbeebe s bt enbeebbe bt ee b e bt eabesbeenteene 1528
50.5.5 DIELAY SELLINZS. ¢ttt eutteiieeiite sttt ettt ettt ettt et sat e et e s bt e e bt e sttt e bt e sabeeabeeshbeeabeesbt e e bt e eabeeabeesabeenbeesabeenseenanes 1529
50.5.6  Calculation of FIFO pOinter addI@SSES. . ....c.uerutrureruerieriieieitieieiteeteeteeteetteteeseete et e seeeneeseeeeesbeesesseenesenans 1530
Chapter 51
Inter-Integrated Circuit (12C)
o 0 B 0T 0T L1 17 (o) 3 OO SOSRPPO 1533
STULLT  FRALUIES ...ttt et et b e s et a e sttt e ettt ettt eae e 1533
K64 Sub-Family Reference Manual, Rev. 3, July 2017
48 NXP Semiconductors



Section number Title Page
S1.1.2  MOAES OF OPETALION. .....ceuviiiiiiiiitieiteteeit ettt ettt sttt sttt sttt b et b et s bt et ebe et sbtenaeebtesbeesnenbeeanenbeens 1534
51.1.3 BIOCK QIAGTAIMN. ...ttt ettt ettt et e bt st e s ab e e st e e sbbeeabe e bt e e bt e sabesabeesabesaneens 1534
51.2  T2C SIZNAL AESCIIPIIONS. .....eiutitientieiiettetteet ettt ettt ettt et e e et e bt es e e bt ee s et e enteeheemeees e e bt eatenbeemeeabeemseabeenbeabeenbeeseenseeneeneeenee 1535
51.3  Memory map/re@ister dfiNItION. ......cccueiiiiiiiiiiriieeeete ettt ettt ettt e e bt et s ebesieens 1536
51.3.1  I2C Address Register 1 (T2CX_AL) ..ot 1537
51.3.2  I2C Frequency Divider re@ister (I2CX_F).....ooiiioiiieeiee et 1537
51.3.3 I2C Control Re@iSter 1 (T2CX_C1).uiouiiiiiieiieiieie ettt ettt et st e e 1539
51.34 I2C Status 1@ZIStET (T2CX_S).ceuuit ittt ettt ettt et e st e et e st e e beesabeebeesaneenses 1540
51.3.5  I2C Data I/O 1e@ister (I2Cx_D)...coiririririiriirtiieietetetet ettt sttt ettt ettt sttt st naens 1542
51.3.6 I2C Control RegiSter 2 (T2CX_C2)..cuieiiiuieieeiteit ettt sttt ettt ettt et e et et s bt e tesbeebesbe e besaeeaeas 1543
51.3.7  I2C Programmable Input Glitch Filter Register (I2Cx_FLT).....ccccccceririininiiiiniiienieeeeiceeeneeeeeseenes 1544
51.3.8  I2C Range Address reZiSter (J2ZCX_RA)...couiiiiiiiiiieet ettt ettt sttt sttt 1545
51.3.9 12C SMBus Control and Status register (I2CX_SMB)........cccooiiiiriiiiieieeeeeee et 1546
51.3.10  TI2C Address RegiSter 2 (T2CX_A2).c..ecueriiiieiieieeiteie ettt sttt ettt ettt et ettt nae s e b sasenbe s 1547
51.3.11 I2C SCL Low Timeout Register High (I2Cx_SLTH).....cccccooiiiiiriiiieeeiiteeeceee et 1548
51.3.12 12C SCL Low Timeout Register Low (I2Cx_SLTL)...cccceoiiieiiiieiecieieeeeeee et 1548
514 FUNCHONAL AESCIIPIION. c..c.ttiutetieiteettet ettt ettt ettt ettt et eb e bt e et e bt e st e sh e e st e eb e e bt ebeesbeeseesbeesbe bt esbenbeenbesbeenteebeenbeenee 1548
51.4.1 T2C PIOLOCOL ..ttt ettt et e sttt et e s ate e st e e s et e esbe e st e enbeesabeeabeesabeenbeesnbeenbeenaren 1548
51.4.2 L o 216 1TSS 1554
5143 AdAress MATCHING. ....oouvitiiiiiiiieie ettt ettt ettt ettt b e et e s bt et e s bt e besbe et e ebtenbeebee bt ebeenteenee 1555
51.4.4  System management bus SPECIIICAION. .......eiruiiriiiiiierie ittt sttt ettt ebe et esabeesseesaees 1556
STALS  RESEES . etettieiieet ittt ettt h ettt et a bbbttt h e bt h bt e b e eh bt e bt eh bt e bt e eht e e bt e eabe e bt e sabe e neenatean 1559
STi4.0 INEEITUPLS...ctitiiiiieietet ettt ettt ettt ettt b e bt bbbt sa e eh b sbese et et e e e s esn et eseeneeaeeueeuees 1559
51.4.77  Programmable input SlitCh fIlLeT......cc..eiiiiiiiiiiiiie ettt s 1561
51.4.8  Address MatChiNg WaKE-TUP......cceruirterierieiiieieieiieit ettt ettt sttt ettt et et ese bt bt bbb et e nenae e enaenne 1562
S5T1.4.9  DIMA SUPPOIT..utitieuieitieieittete ettt ettt et et e st e et e e she e aeshe e besb e e bt e st e bt es b e ab e esteebeemteebe e bt estenbeentesbeemsenbeennenbeens 1562
51.5 Initialization/application INTOTMATION. .......eeiuiiiiiiiiieiie ittt ettt et e st e bt e sabeesbeesabeenbeesabeenseesaseenbeenanean 1563
Chapter 52

Universal Asynchronous Receiver/Transmitter (UART)

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors

49



Section number Title Page
52,1 INEEOQUCTION. ...ttt ettt e b e bbb s a e s et s ettt atebeeae b b sa et saesnens 1567
52101 FRALULES ..ottt 1567
52.1.2 MOAES OF OPETALION. .....cueeuiiuieiiiiieiietietiete sttt ettt ettt ettt sttt b e s st be ettt eaeeaeebeebeebesbesnenes 1569
52.2  UART SigNal AESCIIPLIONS. ...c..eeuiiriienieiiieteitteteeit ettt ettt ettt ettt sttt et e st e eb e sbeeat e bt eate bt e st e sbe et e ebeebeebeenbeeatesbeensenbeas 1570
52.2.1 Detailed Signal deSCTIPLIONS. .....eiivieriieriierteeteerite ettt ettt et et e etee sttt e bt e sttt e bt e sabeeabeesabeeseesateenbeesaseenses 1570
52.3  MEmMOTIY MAP ANA TEZISTETS. c...euvieutirtieuierteeteetteteettete et teteettenteeteen bt eaee st eneeabeemeesseentesaeemtesseenbeeseenseeseenseeseenseeneenseeneeneeenes 1571
52.3.1 UART Baud Rate Registers: High (UARTX_BDH).....c..cociiiiiiiiiiiiiiiiiieeteeeeeteeeeeeeie e 1579
52.3.2 UART Baud Rate Registers: LOwW (UARTX_BDL).....cociiiiiiiiiiiiiieeiieteeeee et 1580
52.3.3 UART Control Register 1 (UARTA_CT).cc.ooiiiieiieieeiiee ettt 1581
52.3.4  UART Control Register 2 (UARTX_C2)...cc.eiiuiiiiiiiiiiieiesitee sttt sttt 1582
52.3.5 UART Status RegiSter I (UARTA_ST)..uioiuiiiiieiieiiteite sttt ettt sttt et st esiae e 1584
52.3.6  UART Status Register 2 (UARTX_S2)....ccioiiiriiiiiiecieietetetee ettt ettt 1587
52.3.7  UART Control Register 3 (UARTX_C3)...cccouiriiiiiiiiiiiieieietetetee ettt 1589
52.3.8 UART Data Register (UARTX_D).c..ooiiiiiiiiiiientieieeteteet ettt st 1590
52.3.9 UART Match Address Registers 1 (UARTX_MATL)..ccciiiiiiiiiiiiiieeeseeec ettt 1592
52.3.10 UART Match Address Registers 2 (UARTX_MAZ).....c.ooiiiiiiiiieieeieeetee ettt 1592
52.3.11 UART Control Register 4 (UARTX_CA)...cc.uiiiiiiiiiiiiieeeeest ettt sttt ettt 1592
52.3.12 UART Control Register 5 (UARTX_CS)...iiiiiiiieiiiiiieciieeiteet ettt sttt st ettt ettt s eaae e s 1593
52.3.13 UART Extended Data Register (UARTX_ED)......ccccoieiiiieieieiectee e 1595
52.3.14 UART Modem Register (UARTX_MODEM)........cccceiiiiiiiiiiiiieienieeesttee ettt sttt siens 1596
52.3.15 UART Infrared Register (UARTA_TR).....c.cooiiiiiiiiiieiieiie ettt ettt ettt sttt et st eaeeseee s 1597
52.3.16 UART FIFO Parameters (UARTX_PFIFO)........cccccooiiiiiiiiiiiicinccrcecee e 1598
52.3.17 UART FIFO Control Register (UARTX_CFIFO)........ccccvotriminiminiiienieicicieteteteeeeeiese et 1599
52.3.18 UART FIFO Status Register (UARTX_SFIFO).......cccccoctiriiiiiiiiiiienicieeieeeteeeeeete et 1600
52.3.19 UART FIFO Transmit Watermark (UARTX_TWEFIFO)........ccoouiiiiiiiiiie e e 1601
52.3.20 UART FIFO Transmit Count (UARTX_TCFIFO)........ccccceitmirimininininietenieeeeeteteeeeeeeeeee s 1602
52.3.21 UART FIFO Receive Watermark (UARTX_RWFIFO)...........cooiiiiiiiiiiie e 1602
52.3.22 UART FIFO Receive Count (UARTX_RCFIFO)....c..cccccciniiiniiiniiinieincniceeeeeeeeseeeseee e 1603
52.3.23 UART 7816 Control Register (UARTX_C78E160).....cccueiiiiiiiiiiiiieeieeieeeteeteete ettt 1603

K64 Sub-Family Reference Manual, Rev. 3, July 2017

50

NXP Semiconductors



Section number Title Page
52.3.24 UART 7816 Interrupt Enable Register (UARTX_IE7816)........coceeviiriininiiiiniiiieienieeecceieeeeee e 1605
52.3.25 UART 7816 Interrupt Status Register (UARTX_IS7E16)...c..coviiiiiiiiiiiieiieeiesteteee et 1606
52.3.26 UART 7816 Wait Parameter Register (UARTX_WP781O6TO).......cccceriiriiieiieiecieeeeeeeeeee e 1607
52.3.27 UART 7816 Wait Parameter Register (UARTX_WPT781OT1)....cccceoiriiniiiiiiiienieieniieeeeeeeeeeee e 1608
52.3.28 UART 7816 Wait N Register (UARTX_WNT8L6).......ccoeireireinriineineneeneeeneeeseee et 1608
52.3.29 UART 7816 Wait FD Register (UARTX_WEFT7810).......cccccueiriririnininiinieneneesteesteteeetee et 1609
52.3.30 UART 7816 Error Threshold Register (UARTX_ET7816).......ccovirieineiiniiinieinieiniceeeeeeeeeeei s 1609
52.3.31 UART 7816 Transmit Length Register (UARTX_TL7816).......cccceoeriiririiniiiinienienieeieseereeeeeee e 1610

524  FUNCHONAL AESCTIPLION. ...eeuutiiitieiieiiterite ettt ettt et ettt e sb b e et e bt e e bt eshtesabeesabeeabe e bbeeabee bt e sabeesbtesabeesstesabeenbaesnbeenseean 1611
52.4.1 TLANSIIIITECT ...ttt ettt ettt ettt et e a et es et e e s e eb e e st e es e embeeae e beemee bt emee b e embeebeemteeseenteenee et eneeneeeneenees 1611
5242 RECBIVET ...ttt ettt e a b s h e bttt e be b sae bt 1616
52.4.3 Baud 1ate GENETAION. ... .eiitiiiiieiie ettt ettt ettt ettt e bt e st e e s bt e e bt e bt e e bt e e st e ea bt e sabeeabeesabeenbeenaee s 1631
52.4.4  Data format (NON ISO-T816).....c..uii it e e e e et e et e et e e e et e e e eaaeeeeanaens 1633
5245  SINGIE-WIIE OPCIATION. c..ecutiiiiiiiiieteitieiteet ettt ettt ettt ettt sb e sbesbt et ebt et e bt e bt eatesbeenaesbeenaesbeenbesasenbeas 1636
52.4.0  LLOOP OPCIALION. ...e.utteiiieiieetitettette et et e st e stt e e bt e bt e e ab e e bt e sabeesbtesate e bt esateeabeesabeeabeesabeenbeesateenbeensteenbeennnesnbeas 1637
52477  ISO-T816/SMAITCATA SUPPOIT......eeuiiiieuiietieieetteteetteteetteteetteteeate bt eseeeteeneeeaeensesseenbesseebeeseenseensenseensesseensenne 1637
52.4.8  INrared INTErfACE........coiiuiiiiiiiiiiiiic e st 1642

52,5 RESEL.uiiiitietee e a et h et ettt b et 1643

52.6  SYStem 1@VE] INLEITUPE SOUICES. .. .eeteruietieiietienteetieteetteteette et eteesteestesbeesteabeenseebeenseeseenseeaeenteeseenseemeeaaeeneesbeensesneansenseans 1643
52.6.1 RXEDGIF AESCIIPHOMN. ..c.vteutiiiienieiiteteeitete ettt ettt ettt ettt sttt ettt b et b ettt et e bt et ebeenbesbeenaeeaeen 1644

5277 DA OPCTALION. ...couuiiiuieetieiiiteeite ettt ettt ettt et e stteeateestteeabe e beesab e e beesa bt e btesa bt ebteeabeeabaesabeenbeesabeeastesabeenbbesabe e baesnbeeseenas 1645

52.8  ApPliCAtion INFOIMIAION. ......itiiiiitieit ittt ettt ettt e a et e e bt e et e s b e es e e sbeeabe bt emeeebeenbeeseenteeseenbeemeesbeemeesaeeneennean 1645
52.8.1 Transmit/receive data buffer OPEration............cociriiriiiiniiiini ettt 1645
52.8.2  ISO-7816 iNitialiZAtION SEQUEIICE. ....c..eerurterrreenieeieeeteerttesteesteeeteesbteebeesseesabeesseesateesssesaseesbeesnseenseesseanseesane 1646
52.8.3 Initialization sequence (NON ISO-78160).......ccuiiiiiiiiiiieieet ettt 1648
52.8.4  Overrun (OR) flag iMPIICAIONS. ...c..couteiiriieiiriieiieiteteet ettt sttt sttt ettt ettt eb e b et esaeenees 1649
52.8.5  Overrun NACK CONSIAErAtiONS. ........coviiiiiiiiiiiiiiiiiii ittt s 1650
52.8.6  MatCh Address TEEISIETS. .. ceueiueetieiietieteet ettt ettt te st e atesteete s et ebesh e e be et e e beesee bt esee st eneesaeeneesseenbesseebesneenseas 1651
52.8.7  MOAEM FRALUTE. ..ottt ettt 1651

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 51



Section number Title Page
52.8.8  IrDA minimum pulSe Width........cocoiiiiiiiiiiiiiiii ettt 1652
52.8.9 Clearing 7816 wait timer (WT, BWT, CWT) INtEITUDPLS....ccueeruerriieiiieiienieenieeeie ettt st n 1652
52.8.10 Legacy and reverse compatibility CONSIAEIAtIONS. .......eeviruirieriieieitieie ittt ettt eee e enees 1653
Chapter 53
Secured digital host controller (SDHC)
53,1 IETOQUCTION. ¢ttt ettt ettt ettt et et e e ekt e st e e bt ea et e h e e bt e et e bt e et e bt em e e bt emb e bt emteebeenteeseenteeneenbeemeenbeemeesaeensennean 1655
532 OVEIVIBW...tnitiieiiieiiiteetet ettt ettt ettt ettt ettt etttk et ekttt eh et ekttt a ettt b et b e bt s et b s a e bt b st b et b bt enn 1655
53.2.1 SUPPOTLEA LYPES OF CATAS. ...eouvieiiieiieiie ettt et et et e st st e e sab e e bt e sbbesbeenbeesabeesseesane 1655
53.2.2  SDHC BIOCK QIAZTAM.......cutiiuieiieiiiiteteett ettt ettt et e et e e st et e s st esbe et e sbeeseenbeentenbeenseebeeneeane 1656
53.2.3  FRALUIES....eiiiiiiiieieecte ettt e a e h e h bbbttt ettt eae e 1657
5324 MOAES ANA OPETALIONS. ..cc.uvieiieritieiteeitestte et esite et e siteeteestteeabeesbeeeabeesatesabeessbeeabeessbeesbeenbseenbeesstesabeessbesseenas 1658
53.3  SDHC SigNal deSCIIPLIONS. c..c.vititiietiteteieteiteit ettt ettt ettt sttt sttt s et et et e st bt e bt eatebe e b s bt sae et et sa e st e s e e ennene 1659
53.4 Memory map and re@ister defiNItION. ......ccceiiiriiiiiiiiieteeet ettt ettt sttt sttt et e 1660
53.4.1 DMA System Address register (SDHC_DSADDR).......cooouiiiiiiiiiieieee ettt 1661
53.4.2 Block Attributes register (SDHC_BLEKATTR)....c.oooiiiiiiiiieeeeee et 1662
53.43  Command Argument register (SDHC_CMDARG)........ccccooiriiniriininiiiinteneetesieete et 1663
53.4.4  Transfer Type register (SDHC_XFERTYP)....cccuoiiiiiiiiiiiie ettt 1663
53.4.5 Command Response O (SDHC_CMDRSPO)......cc.eoiuiiiiiieiiieieeieee ettt 1668
53.4.6 Command Response 1 (SDHC_CMDRSPI)...c..ooiiiiiiiiiiiiiieieniceescee sttt 1668
53.4.7 Command Response 2 (SDHC_CMDRSP2)......c..cooiiiiiiiiiieetee ettt sttt st 1668
53.4.8 Command Response 3 (SDHC_CMDRSP3I)......couiiiiiiiiieeesee sttt 1669
53.49 Buffer Data Port register (SDHC_DATPORT).....c..cooiiiiiiiniiiiiniceieteeteseee et 1670
53.4.10 Present State register (SDHC_PRSSTAT)..c...ooiiiiiiieeieeet ettt ettt s 1670
53.4.11 Protocol Control register (SDHC_PROCTL).......cceiiiiiiiiiieieeiieit ettt ettt 1675
53.4.12  System Control register (SDHC_SYSCTL)...cc.eoiiiiiiiiiiiirieeeee ettt 1679
53.4.13  Interrupt Status register (SDHC_TRQSTAT)....ccuiiiiiiiiie ettt st 1682
53.4.14 Interrupt Status Enable register (SDHC_IRQSTATEN).......ccoiiiiiiiiieieeeeseee e 1687
53.4.15 Interrupt Signal Enable register (SDHC_IRQSIGEN)......cc.cccuiiiiiininiininiineeie ettt 1690
53.4.16  Auto CMDI12 Error Status Register (SDHC_ACI2ERR).......ccccuiiiiiiiiiiiiiiieeieieeteee et 1692

K64 Sub-Family Reference Manual, Rev. 3, July 2017

52

NXP Semiconductors



Section number Title Page
53.4.17 Host Controller Capabilities (SDHC_HTCAPBLT)...c..coociitiiiiiiiinieieeteteeteiceeeseete et 1696
53.4.18 Watermark Level register (SDHC_WML)......cociiiiiiiiiiiiieet ettt ettt st s 1698
53.4.19 Force Event register (SDHC_FEVT).....oouiiiiiiiiie ettt ettt 1699
53.420 ADMA Error Status register (SDHC_ADMAES).....ccoooiiiiiiiiiiieieteetee ettt 1701
53.4.21 ADMA System Addressregister (SDHC_ADSADDR)........cooiiiiiiiiiieiienieeeesee ettt 1703
53.4.22  Vendor Specific register (SDHC_VENDOR)......c..cccoitiiiiiiiiiiieieeieeeeee ettt 1704
53.4.23 MMC Boot register (SDHC_MMOCBOOT).......cccteouimiiiiniiiiniienieitenie ettt 1705
53.4.24 Host Controller Version (SDHC_HOSTVER)......coooiiiiiieee et 1706

53.5  FUNCHONAL AESCIIPIION. c..c.tieutitienieetiet ettt ettt ettt ettt et e e e bt es e e bt ee et e e st e ebeeneees e e bt eaeenbeemeesbeemeeabeenseebeenbeeseenseeneeneenee 1707
53.5.1 Data DUFTET ...ttt 1707
53.5.2  DMA crossbar sWitch interface............ccoiiuiiiiiiiiiiiiiiiiiiiiiii e 1713
53.5.3  SD PrOtOCO] UNIL....cueiuieiiiiiiiiitiitiitenient ettt ettt ettt sttt sttt ettt eat ettt s ae b et be st et s ennennen 1719
53.5.4  CloCK and T€SEE MANMAZET . ....cc.eeuieueiteeitirieetente sttt stt et ettt et et eatesbeeatesbeestesbeeaesbtenbesbsebeeasebeessenbeesaenne 1721
53.5.5 CIOCK ZEINETALOT. ...t iutieuiieeiieeite ettt ettt ettt et e s bt et e b et et e e bt e st e e b tesab e e s st e eabe e bbeeabeenbeesabeeseesabeensaesaneens 1722
53.5.6  SDIO CAIA INEETTUPL.....eeutieuientieiieteeite ettt ettt ete et e et e et e et e ese e et eaeesaeeaeeebeemeesaeemaeabeenbeabeenseeseenbeeseenseeneenseenee 1722
53.5.7  Card insertion and remMoVal dEtECION. .........ccuivuiriiiiiiiiiiieiei e 1724
53.5.8  Power management and WaKEUP EVEINLS.........eeuirruieriieriieriieniteeteesteesteeteesibeeaeesiseesteesieeebeesanesbeesasesseenns 1725
53.5.9  IMIMIC fASE DOOL.. ...ttt ettt ettt ettt et b e e e bt e et et ea e ekt en bt e he e bt eat e bt et e ebeen e e beente bt enteeneenteene 1726

53.6 Initialization/application Of SDHC .......c..ccciiiiiiiiiiit ettt ettt ettt ettt st s ebesieens 1728
53.6.1 Command send and resSponse receive basiC OPETAtION..........eeveerveerierrieerieenitesteeiee st et e steeteesireeieenieeens 1728
53.6.2  Card Identification MOG@. .........coruiruieriiiiett ettt ettt ettt e e ea e bt et e bt et e bt estesbeen b e ebeenteebeenseeseeneeeaee 1729
53.0.3  CAIA ACCESS. .cuviuiiiiiieieiete ettt ettt be e 1734
53.6.4  SWILCh fUNCHOM. ...oiiiiiiiiiiicci e 1745
53.6.5  ADMA OPETALION. .. .ceuiiuiiitieieetieteett et et et e eateete e e ett e et sa e e beeseenbeeseebeesteabeamteeseenteeaee bt eatenseentenbeenseabeennenseans 1747
53.6.6  FaSt DOOt OPETALION. ....ccuuiiiieiiriiiteetteteett ettt ettt ettt ettt et s bttt sttt et e bt e bt et e bt e bt e st e saeestesaeentesbeennenbeen 1748
53.6.7  Commands for MMC/SD/SDIO/CE-ATAL.......c.ccoiimieieieeieeeeeeeeeeeee et 1752

53.7  SOTEWATE TESIIICTIONS . .....eeutitieutietieteetiete et et e et e et e et e st e et e et e eate et e ea b e ebeeneees e e bt ea e e et eaee bt emeeebeemse b e embeebeenseeseenteeseenseeneeneeenes 1758
53.7.1 INItialiZAtION ACTIVE. ...cuiiiiiiiiiiiiicice ettt s 1758
53.7.2  Software POIIING PIOCEAUIE. .....c..tiiuiieiieitie ettt ettt ettt et ettt e st e et esbbeebeesbeeebeessbesabeesanesnseens 1758

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 53



Section number Title Page
53.7.3  SUSPENA OPCIATION. c..cutiiiiutiiieieeitente ettt ettt ettt ettt et ettt eat et e st e ebees et sbe e et sbte bt sbtesbeeasenbeeebe bt easenbeenteene 1758
5374 Data 1eNGHh SEUUNZ...c...eiiiiiiiieiie ettt ettt sttt et e e s bt e et e e bt e s bt e bt e et e e sbbeeabe e bt e eab e e bt e sabeenaeenates 1759
53.7.5 (A)DMA AddIeSS SEIIME. ...cuvetieuteetietieiteett et et ettt ettt teb e et e bt este bt estesteeneeeueenbeeaeeseeemeesbeessenbeensenseensesseanes 1759
53.7.6 DA POIT ACCESS...euueiutirutinteeitenteetenttete st et sttenteett e bt eet e bt eateebeeatesbeeatesbe e et sbeebesbtenbeesb e bt eabenbeeatesbeenteebeentenaee 1759
53.7.77  Change ClOCK fIEQUENCY ....c.ueiiiiiiiiiitiitt ettt ettt et e e sa e e bt e sat e e bt e st e e beesabeebaesanes 1759
53.7.8  MUItI-DIOCK TEAG. ... .ottt ettt ettt et b et s ae et e e bt et e e bt et e eb e et e esee bt eneenseenee 1759
Chapter 54
Integrated Interchip Sound (I12S) / Synchronous Audio Interface (SAl)
L B Vi (0T L1 T (o) 3 OO OSSPSR SRR 1761
54.1.1 FFRALUTES....c.eieiii ettt et b bbbttt et 1761
SA.1.2  BIOCK QIAZTAIMN..c..tiiiiiiiieiie ettt ettt ettt ettt et e s bt et e s bt e e st e e bt e e bt e s st e sabeesbbeeabe e bbeenbeenbeesabeenaaenate 1761
54.1.3  MOAES OF OPETALION. ... .ccueitieititieieetiet ettt et et ettt et et e bt eat e bt e st e bt esteebeenteeseenteeaee st emeenbeemeesbeensenbeensenaeans 1762
54.2  EXEEINAL SIZNALS. c..citiiiiiiiiititietett ettt ettt b et b et b et b et e b et e h e bt bt bt et s bt e st s bt et bbbt et ene 1763
54.3  Memory map and re@iSter defINItION. .....cov.uiiitiirieeiieiteeee ettt ettt b e sttt e st e e bt esbte e bt e sateebeesaeeeanes 1764
54.3.1 SAI Transmit Control Register (I2SX_TCSR)......oouiiiiiiiiiiee et e 1765
54.3.2  SAI Transmit Configuration 1 Register (I2SX_TCRI)...cccccoviiiiiriiniiiiiniiiieneiieeeeeeeee e 1768
54.3.3 SAI Transmit Configuration 2 Register (I2Sx_TCR2)......ccceevciiiriiiiiiiiiiieeeeeteeee et 1769
54.3.4  SAI Transmit Configuration 3 Register (I2Sx_TCR3)......cccceviririmiinirinineneeeseeeeeeeeeeeeee e 1770
54.3.5  SAI Transmit Configuration 4 Register (I2SX_TCR4)....c..coiiiiiiiiiiiireiieeeeeeeee e 1771
54.3.6  SAI Transmit Configuration 5 Register (I2SX_TCRS)......cccueriiiiiiriiiiieeieeteste ettt 1773
54.3.7 SAI Transmit Data Register (I2ZSX_TDR).....ccceiviiiriiiiiiieeitee ettt 1773
54.3.8 SAI Transmit FIFO Register (I2Sx_TEFRZL)....cc.coouiiiiiiiee ettt 1774
54.3.9 SAI Transmit Mask Register (I2ZSX_TMR)....c..cociiiiriiiiiiiiiiiit et 1774
54.3.10 SAI Receive Control Register (I2SXx_RCSR).....ccciiiiiiiiiiieieceeee ettt 1776
54.3.11 SAI Receive Configuration 1 Register (I2Sx_RCRT)....ccccoeviiiiiiiiiiiiirinieccecceeeeeeee e 1779
54.3.12  SAI Receive Configuration 2 Register (I2Sx_RCR2).......ccccueiiiiiiiiniiiiiiiiecceccceeeee e 1779
54.3.13  SAI Receive Configuration 3 Register (I2SX_RCR3)......cociiriiiiiiiiieiiiiieieete sttt 1781
54.3.14 SAI Receive Configuration 4 Register (I2Sx_RCR4)........cccooiiiiiiiiiiiiicceeeee e 1782
54.3.15 SAI Receive Configuration 5 Register (I2SXx_RCRS)......c.coiiiiiiiiieieee et 1783

K64 Sub-Family Reference Manual, Rev. 3, July 2017

54

NXP Semiconductors



Section number Title Page
54.3.16  SAI Receive Data Register (I2SX_RDRZ).....cc.coiiiiiiiiiiiiiiiiee ettt 1784
54.3.17 SAI Receive FIFO Register (I2Sx_RER).......coiiiiiiiiiiiiieiceeeteeete sttt s 1785
54.3.18 SAI Receive Mask Register (I2SX_RIMR)........ooiiiiiiiieii ettt 1785
54.3.19 SAI MCLK Control Register (I2SX_IMCR)......cccuiiiiiiriiiieniteieeeee ettt ettt 1786
54.3.20 SAI MCLK Divide Register (I2SX_IMDR)....c...coiiiriiiiiiiiieitenie ettt ettt ettt et siae e e s besnbee e 1787

544  FUNCtiONAl dESCIIPLION. c..c.eeutiuieiieiieiieiieitettete ettt ettt ettt ettt ae bbbt bt se et et saesa et et et e s e st entebeebeebeebeebeebesbeneennen 1788
54.4.1 SAT CLOCKING. ¢ttt ettt ettt e a et e a e et e a e bt e st e s bt e st e bt es b e ebeen b e ebeenteebe et e eseenbeeae 1788
5442 SATTESELS .ottt et bbbttt 1790
54.4.3 SYNCRIONOUS MOAES......cuuiiiiiiiiiiiiieieiete ettt ettt et e e et ae e e saeenesreeanesueeanesaeas 1791
54.4.4  Frame SYNC CONTIGUIATION. ¢ ..cuteutirtieitirteetietteteettert e ettt et et e et e sbees e st e eabe et e enteebeenbe e st e bt eseesbeentesbeensesbeennenanans 1792
S4.4.5  Datad FIFO....c.ooiiiiiiiiieieese sttt sttt sttt ettt bbbttt 1793
54.4.6 WO MAaSK TEZISTET.....c.iiiiiiiiiiiieieieeteee ettt ettt sttt e s et st e et sae et e e b eeeesaeennesaeennes 1794
54.477  Interrupts and DIMLA FEQUESES......ceuiitiiiertieteetiete ettt ettt ettt et st te b e st e bt et et eseesaeestesaeentesbeenbesseenbesnsenbens 1795

Chapter 55
General-Purpose Input/Output (GPIO)

55.1  INEEOQUCHION. c...eititiiitiiet ettt et et ettt b e bt bbb se ettt e s e s ese e st eueebeebeebeebesbesaestenesnens 1797
55.1.1 FRATUTES ...t sttt 1797
55.1.2 MOAES OF OPETALION. .....cueiutiuieiiiiiiiietietiete sttt ettt ettt ettt ettt at et b e b sttt ne et et e st eateateaeebeebeebenbesaenen 1797
55.1.3  GPIO Signal dESCIIPLIONS. ..c..eeruiiuiiriieiiiiiete ettt ettt ettt ettt eat et e e eb et et e bt st e sbees b e s bt enbesbeenbeebeenteeseeneeeaee 1798

55.2  Memory map and re@iSter AefIMItION. .....cevuuiiiierieetierte ettt ettt ettt ettt e bt e sabe e bt e s it e ebeesabeenbeesaseenbeesaneenses 1799
55.2.1 Port Data Output Register (GPIOX_PDOR).......cccociiiiiiiiiiiiiiceceeeeeeeeee et 1800
55.2.2  Port Set Output Register (GPIOX_PSOR).......cciiiiiiiiiii e 1801
55.2.3  Port Clear Output Register (GPIOX_PCOR).......ccccoiiiiiriiiiiiiiiiienieeceee ettt 1802
55.2.4  Port Toggle Output Register (GPIOX_PTOR).....c.c.cooiiiiiiiiiiiiiieeeete ettt 1802
55.2.5  Port Data Input Register (GPIOX_PDIR).......ccccooiiiiiiiieie ettt st 1803
55.2.6 Port Data Direction Register (GPIOX_PDDR)......cc.ccciiiiiiiiiiiiiiiiieereneeeeeeeee et 1803

55.3  FUNCHONAL AESCTIPLION. ...eeutiiiuiieiieiiterite ettt ettt et e sttt e sbt e e bt et e e s bt esatesa bt esabeesbeesbteeabeebeesabeensbesabeessbesabeenssesnseensnean 1804
55.3.1 GENETAl-PUIPOSE IMPUL. ...ttt ettt ettt ettt et ae sttt et st ettt et et et ebe e bt eueeueebeebesaese e nenneneennen 1804
55.3.2  GENEral-PUIPOSE OULPUL.....ccuuertieutirtietietteteettenteette it et e steeatesbeestesbeestesbtesbeebeesbeebeenbeebeenbeeseesaeestesbeeneesbeensenbean 1804

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors 55



Section number Title Page
Chapter 56
JTAG Controller (JTAGC)
56.1  IETOQUCTION. ¢ttt ettt ettt bt a ekt e st et e ea et e h e et e e st e be e et e bt em e e bt emte bt emteebeemteeseenteenee bt eneenbeemeesaeensennean 1805
56.1.1 BIOCK GIAZTAIMN. c..ceniiiiiieiiieite ettt ettt ettt ettt e a e sa e eat e bt et bt e bt bt b sat e 1805
56.1.2  FRALULES ..ottt et 1806
56.1.3  MOAES OF OPETALION. ... .ccueiiuieiiiiietietiet ettt ettt ettt et s et e teeate bt e st e bt esteebeamteeseenteeaee bt smeenbeemeesbeenseabeennenaeans 1806
56.2  EXternal SIZNal deSCIIPIION. c..c.eitiritetieitiieeiteete ettt ettt e ettt et s bt et s at et e bt e s bt esae bt eebenb e et e sbe et e sbee e eeee 1808
56.2.1 TCEK-TESt CLOCK TNPUL....cetteeitieiieeiteite ettt ettt ettt et sa e et esat e e bt e sate e bt e sabeeabeesabeenbeesnbeenseenanes 1808
56.2.2  TDI-—TESt At INPUL....eeutieuieiieieetteie ettt ettt et ettt et e e st e et e e et eaee bt eaee bt esee bt entesbeenseeseenteeneenseeneenaeenees 1808
56.2.3  TDO—TESt dAtA OULPUL...c..eetiriiirtieiierteeterie ettt ettt ettt ettt ettt e st e eate bt eatesae et e sbe e besbe e b e et b enbesbeebeebeenaeenee 1808
56.24  TMS—Test MOAE SEIECT........cuiuiiiiiiiiiiiiiiiiici e 1808
56.3  ReEZISIEI AESCIIPLION. c..uveuiiiiieiieiietiete ettt ettt ettt et ettt a e bbbt sa et b s ettt e e st e s et ebeeuteaeebeebeebesaeste et e naesaennen 1809
56.3.1 INSTIUCHION TEZISTET. ¢ ettt ettt ettt ettt et st s b et sttt e be e bt ea et ebe et eatesbeentesbeenaesneen 1809
56.3.2  BYPASS TEZISET..eeutieiieeiitetie ettt ettt et e bt e et e bt e e a b e e bt e sab e e bt e sat e e bt e eat e e bt e e a bt e bt e shb e et e e shte et e e nhte e beeeateeabeas 1809
56.3.3  Device 1dentifiCation TEZISTET......c.cruirtitiieieiieiiet ettt sttt sttt ettt ettt a et st besae et se s e e ennenneneen 1809
56.3.4  BOUNAAIY SCAN TEZISTET...c..eeutiuieititietietieteettente et ste et st et st et sbe et sbeesbesbe et e e bt et e ebeenbeebeenaeeseesbeentesbeensenbeas 1810
56.4  FUNCHONAL AESCTIPLION. ...ceuutiritiiriieeieeiite ettt ettt ettt et e sb bt et e e bt e et e e shtesa bt e sabeeabee bt e eabeenbeeeabeenbtesabeessbeeabeenbaesaseenseean 1811
56.4.1  JTAGC reset CONTIGUIALION. ......ccutiiiiuietietieteeti ettt ettt ettt et se e te s bt e e sb et e ese et e eteenbeeseenbeeneesaeeneesaeenees 1811
56.4.2 IEEE 1149.1-2001 (JTAG) TeSt ACCESS POTT.....cccuiiiiiiiiiiiiiieeiiieeee ettt et e 1811
56.4.3  TAP controller state MACHINE...........ccoociiiiiiiiiiiiiiic e 1811
56.4.4  JTAGC DIOCK INSTITUCTIOMNS. .....eeueetieueeiteeteittete et eete et et et et eet e bt eatesteeaeesbeeatesaeenbesseenbeebeenseeseenteeseenseeneenseenes 1813
56.4.5  BOUNAAIY SCAM..c..eiiiriiiiiiiiiieitieteett ettt ettt ettt ettt et sbe et e s bt et esbe e st e et e et e e bt et e e bt e bt eseesaeestesaeentesbeensenbean 1816
56.5 Initialization/Application INFOTTNALION. .......ccvuttiiiiirieiiieie ettt ettt e bt e bt sabe e bt e sabeebeesabeenbaesareennee 1816

K64 Sub-Family Reference Manual, Rev. 3, July 2017

56

NXP Semiconductors



Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the
microcontroller.

1.1.2 Audience

This document is intended for system architects and software application developers who
are using (or considering using) the microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix Identifies a

b 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.

d 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.

h 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).

REVNO[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, REVNOQ[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, XAD([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 Overview

This chapter provides high-level descriptions of the modules available on the devices

covered by this document.

2.2 Module Functional Categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.

Table 2-1. Module functional categories

Module category

Description

ARM® Cortex®-M4 based core

32-bit MCU core from ARM’s Cortex-M class adding DSP instructions and
single-precision floating point unit based on ARMv7 architecture

System

System integration module
Power management and mode controllers
* Multiple power modes available based on run, wait, stop, and power-
down modes
Low-leakage wakeup unit
Miscellaneous control module
Crossbar switch
Memory protection unit
Peripheral bridge
Direct memory access (DMA) controller with multiplexer to increase available
DMA requests.
External watchdog monitor
Watchdog

Memories

Internal memories include:
¢ Program flash memory
* On devices with FlexMemory: FlexMemory
* FlexNVM
* FlexRAM
* On devices with program flash only: Programming acceleration RAM
* SRAM

Table continues on the next page...
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Module Functional Categories

Table 2-1. Module functional categories (continued)

Module category Description

» External memory or peripheral bus interface: FlexBus
¢ Serial programming interface: EzPort

Clocks ¢ Multiple clock generation options available from internally- and externally-
generated clocks

* System oscillator to provide clock source for the MCU

¢ RTC oscillator to provide clock source for the RTC

» Crystal-less USB internal clock for USB device operation.

Security * Cyclic Redundancy Check module for error detection
* Hardware encryption, along with a random number generator

Analog High speed analog-to-digital converter
Comparator

Digital-to-analog converter

Internal voltage reference

Bandgap voltage reference

Timers Programmable delay block
FlexTimers

Periodic interrupt timer

Low power timer

Carrier modulator transmitter

Independent real time clock

Ethernet MAC with IEEE 1588 capability

USB OTG controller with built-in FS/LS transceiver
USB device charger detect

USB voltage regulator

CAN

Serial peripheral interface

Inter-integrated circuit (12C)

UART

Secured Digital host controller

Integrated interchip sound (I12S)

Communications

Human-Machine Interfaces (HMI) General purpose input/output controller

2.2.1 ARM® Cortex®-M4 based core modules

The following core modules are available on this device.

Table 2-2. Core modules

Module Description

ARM Cortex-M4 The ARM Cortex-M4 is the newest member of the Cortex M Series of processors
targeting microcontroller cores focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex M4 processor is based on the ARMv7
Architecture and Thumb®-2 ISA and is upward compatible with the Cortex M3,
Cortex M1, and Cortex MO architectures. Cortex M4 improvements include an
ARMv7 Thumb-2 DSP (ported from the ARMv7-A/R profile architectures) providing
32-bit instructions with SIMD (single instruction multiple data) DSP style multiply-
accumulates and saturating arithmetic.

Table continues on the next page...
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Table 2-2. Core modules (continued)

Module Description

NVIC The ARMv7-M exception model and nested-vectored interrupt controller (NVIC)
implement a relocatable vector table supporting many external interrupts, a single
non-maskable interrupt (NMI), and priority levels.

The NVIC replaces shadow registers with equivalent system and simplified
programmability. The NVIC contains the address of the function to execute for a
particular handler. The address is fetched via the instruction port allowing parallel
register stacking and look-up. The first sixteen entries are allocated to ARM
internal sources with the others mapping to MCU-defined interrupts.

AWIC The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
to detect asynchronous wake-up events in stop modes and signal to clock control
logic to resume system clocking. After clock restart, the NVIC observes the
pending interrupt and performs the normal interrupt or event processing.

Debug interfaces Most of this device's debug is based on the ARM CoreSight™ architecture. Four
debug interfaces are supported:

e |EEE 1149.1 JTAG

e |[EEE 1149.7 JTAG (cJTAG)

* Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface

2.2.2 System Modules

The following system modules are available on this device.

Table 2-3. System modules

Module Description
System integration module (SIM) The SIM includes integration logic and several module configuration settings.
System mode controller (SMC) The SMC provides control and protection on entry and exit to each power mode,

control for the Power management controller (PMC), and reset entry and exit for
the complete MCU.

Power management controller (PMC) The PMC provides the user with multiple power options.Ten different modes are
supported that allow the user to optimize power consumption for the level of
functionality needed. Includes power-on-reset (POR) and integrated low voltage
detect (LVD) with reset (brownout) capability and selectable LVD trip points.

Low-leakage wakeup unit (LLWU) The LLWU module allows the device to wake from low leakage power modes (LLS
and VLLS) through various internal peripheral and external pin sources.

Miscellaneous control module (MCM) The MCM includes integration logic and embedded trace buffer details.

Crossbar switch (XBS) The XBS connects bus masters and bus slaves, allowing all bus masters to access
different bus slaves simultaneously and providing arbitration among the bus
masters when they access the same slave.

Memory protection unit (MPU) The MPU provides memory protection and task isolation. It concurrently monitors
all bus master transactions for the slave connections.

Peripheral bridges The peripheral bridge converts the crossbar switch interface to an interface to
access a majority of peripherals on the device.

Table continues on the next page...
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Table 2-3. System modules (continued)

Module

Description

DMA multiplexer (DMAMUX)

The DMA multiplexer selects from many DMA requests down to a smaller number
for the DMA controller.

Direct memory access (DMA) controller

The DMA controller provides programmable channels with transfer control
descriptors for data movement via dual-address transfers for 8-, 16-, 32- and 128-
bit data values.

External watchdog monitor (EWM)

The EWM is a redundant mechanism to the software watchdog module that
monitors both internal and external system operation for fail conditions.

Software watchdog (WDOG)

The WDOG monitors internal system operation and forces a reset in case of
failure. It can run from an independent 1 KHz low power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.2.3 Memories and Memory Interfaces

The following memories and memory interfaces are available on this device.

Table 2-4. Memories and memory interfaces

Module

Description

Flash memory

¢ Program flash memory — non-volatile flash memory that can execute
program code
* FlexMemory — encompasses the following memory types:
* For devices with FlexNVM: FlexNVM — Non-volatile flash memory that
can execute program code, store data, or backup EEPROM data
¢ For devices with FlexNVM: FlexRAM — RAM memory that can be
used as traditional RAM or as high-endurance EEPROM storage, and
also accelerates flash programming
* For devices with only program flash memory: Programming
acceleration RAM — RAM memory that accelerates flash programming

Flash memory controller

Manages the interface between the device and the on-chip flash memory.

SRAM

Internal system RAM. Partial SRAM kept powered in VLLS2 low leakage mode.

System register file

32-byte register file that is accessible during all power modes and is powered by
VDD.

VBAT register file

32-byte register file that is accessible during all power modes and is powered by
VBAT.

Serial programming interface (EzPort)

Same serial interface as, and subset of, the command set used by industry-
standard SPI flash memories. Provides the ability to read, erase, and program
flash memory and reset command to boot the system after flash programming.

FlexBus

External bus interface with multiple independent, user-programmable chip-select
signals that can interface with external SRAM, PROM, EPROM, EEPROM, flash,
and other peripherals via 8-, 16- and 32-bit port sizes. Configurations include
multiplexed or non-multiplexed address and data buses using 8-bit, 16-bit, 32-bit,
and 16-byte line-sized transfers.
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Chapter 2 Introduction

The following clock modules are available on this device.

Table 2-5. Clock modules

Module

Description

Multi-clock generator (MCG)

The MCG provides several clock sources for the MCU that include:

* Phase-locked loop (PLL) — Voltage-controlled oscillator (VCO)

* Frequency-locked loop (FLL) — Digitally-controlled oscillator (DCO)

¢ Internal reference clocks — Can be used as a clock source for other on-chip
peripherals

48 MHz Internal Reference Clock
(IRC48M)

The IRC48M provides an internally generated clock source which can be used as a
reference of MCG or crystal-less FS USB implementation. When used for crystal-
less USB application, the Clock Recovery circuitry uses the incoming USB data
stream to adjust the internal oscillator and enables the internal oscillator to meet
the requirements for USB clock tolerance.

System oscillator

The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.

Real-time clock oscillator

The RTC oscillator has an independent power supply and supports a 32 kHz
crystal oscillator to feed the RTC clock. Optionally, the RTC oscillator can replace
the system oscillator as the main oscillator source.

2.2.5 Security and Integrity modules

The following security and integrity modules are available on this device:

Table 2-6. Security and integrity modules

Module

Description

Cryptographic acceleration unit (CAU)

Supports DES, 3DES, AES, MD5, SHA-1, and SHA-256 algorithms via simple C
calls to optimized security functions provided by NXP.

Random number generator (RNG)

Supports the key generation algorithm defined in the Digital Signature Standard.

Cyclic Redundancy Check (CRC)

Hardware CRC generator circuit using 16/32-bit shift register. Error detection for all
single, double, odd, and most multi-bit errors, programmabile initial seed value, and
optional feature to transpose input data and CRC result via transpose register.

2.2.6 Analog modules

The following analog modules are available on this device:
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Table 2-7. Analog modules

Module Description

16-bit analog-to-digital converters (ADC) |16-bit successive-approximation ADC

Analog comparators (CMP) Compares two analog input voltages across the full range of the supply voltage.

6-bit digital-to-analog converters (DAC) |64-tap resistor ladder network which provides a selectable voltage reference for
applications where voltage reference is needed.

12-bit digital-to-analog converters (DAC) |Low-power general-purpose DAC, whose output can be placed on an external pin
or set as one of the inputs to the analog comparator or ADC.

Voltage reference (VREF) Supplies an accurate voltage output that is trimmable in 0.5 mV steps. The VREF
can be used in medical applications, such as glucose meters, to provide a
reference voltage to biosensors or as a reference to analog peripherals, such as
the ADC , DAC or CMP.

2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module Description

16-bit resolution

3-bit prescaler

Positive transition of trigger event signal initiates the counter

Supports two triggered delay output signals, each with an independently-

controlled delay from the trigger event

* Outputs can be OR'd together to schedule two conversions from one input
trigger event and can schedule precise edge placement for a pulsed output.
This feature is used to generate the control signal for the CMP windowing
feature and output to a package pin if needed for applications, such as
critical conductive mode power factor correction.

¢ Continuous-pulse output or single-shot mode supported, each output is
independently enabled, with possible trigger events

e Supports bypass mode

e Supports DMA

Flexible timer modules (FTM) » Selectable FTM source clock, programmable prescaler

* 16-bit counter supporting free-running or initial/final value, and counting is up
or up-down

* Input capture, output compare, and edge-aligned and center-aligned PWM
modes

» Operation of FTM channels as pairs with equal outputs, pairs with

complimentary outputs, or independent channels with independent outputs

Deadtime insertion is available for each complementary pair

Generation of hardware triggers

Software control of PWM outputs

Up to 4 fault inputs for global fault control

Configurable channel polarity

Programmable interrupt on input capture, reference compare, overflowed

counter, or detected fault condition

Programmable delay block (PDB)

Table continues on the next page...
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Table 2-8. Timer modules (continued)

Module Description

* Quadrature decoder with input filters, relative position counting, and interrupt
on position count or capture of position count on external event
* DMA support for FTM events

Four general purpose interrupt timers

Interrupt timers for triggering ADC conversions
32-bit counter resolution

DMA support

Selectable clock for prescaler/glitch filter of 1 kHz (internal LPO), 32.768 kHz
(external crystal), or internal reference clock

Configurable Glitch Filter or Prescaler with 16-bit counter

16-bit time or pulse counter with compare

Interrupt generated on Timer Compare

Hardware trigger generated on Timer Compare

Periodic interrupt timers (PIT)

Low-power timer (LPTimer)

Carrier modulator timer (CMT) e Four CMT modes of operation:
* Time with independent control of high and low times
* Baseband
* Frequency shift key (FSK)
¢ Direct software control of CMT_IRO pin
¢ Extended space operation in time, baseband, and FSK modes
¢ Selectable input clock divider
* Interrupt on end of cycle with the ability to disable CMT_IRO pin and use as
timer interrupt
e DMA support

Real-time clock (RTC) ¢ Independent power supply, POR, and 32 kHz Crystal Oscillator

* 32-bit seconds counter with 32-bit Alarm

* 16-bit Prescaler with compensation that can correct errors between 0.12 ppm
and 3906 ppm

IEEE 1588 timers ¢ The 10/100 Ethernet module contains timers to provide IEEE 1588 time
stamping

2.2.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module Description

Ethernet MAC with IEEE 1588 capability |10/100 MB/s Ethernet MAC (MIl and RMII) with hardware support for IEEE 1588
(ENET)

USB OTG (low-/full-speed) USB 2.0 compliant module with support for host, device, and On-The-Go modes.
Includes an on-chip transceiver for full and low speeds.

USB Device Charger Detect (USBDCD) |The USBDCD monitors the USB data lines to detect a smart charger meeting the
USB Battery Charging Specification Rev1.2. This information allows the MCU to
better manage the battery charging IC in a portable device.

USB voltage regulator Up to 5 V regulator input typically provided by USB VBUS power with 3.3 V
regulated output that powers on-chip USB subsystem, capable of sourcing 120 mA
to external board components.

Table continues on the next page...
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Table 2-9. Communication modules (continued)

Module Description
Controller Area Network (CAN) Supports the full implementation of the CAN Specification Version 2.0, Part B
Serial peripheral interface (SPI) Synchronous serial bus for communication to an external device
Inter-integrated circuit (12C) Allows communication between a number of devices. Also supports the System
Management Bus (SMBus) Specification, version 2.
Universal asynchronous receiver/ Asynchronous serial bus communication interface with programmable 8- or 9-bit
transmitters (UART) data format and support of ISO 7816 smart card interface

Secure Digital host controller (SDHC) Interface between the host system and the SD, SDIO, MMC, or CE-ATA cards.
The SDHC acts as a bridge, passing host bus transactions to the cards by sending
commands and performing data accesses to/from the cards. It handles the SD,
SDIO, MMC, and CE-ATA protocols at the transmission level.

12S The I2S is a full-duplex, serial port that allows the chip to communicate with a
variety of serial devices, such as standard codecs, digital signal processors
(DSPs), microprocessors, peripherals, and audio codecs that implement the inter-
IC sound bus (12S) and the Intel® AC97 standards

2.2.9 Human-machine interfaces
The following human-machine interfaces (HMI) are available on this device:

Table 2-10. HMI modules

Module Description

General purpose input/output (GPIO) All general purpose input or output (GPIO) pins are capable of interrupt and DMA
request generation.

All GPIO pins have 5 V tolerance.

2.3 Orderable part numbers

The following table summarizes the part numbers of the devices covered by this
document.

Table 2-11. Orderable part numbers summary

NXP part number CPU Pin Packag| Total | Progra | EEPRO| SRAM | GPIO | Tamper| Progra
count e flash | m flash M Detect m
frequen
c memor Flash
v y Swap
MK64FX512VLL12 120 100 LQFP [640KB |512KB (4 KB 256 KB |66 No No
MHz
MK64FX512VDC12 120 121 XFBGA |640KB |(512KB |4 KB 256 KB (83 No No
MHz

Table continues on the next page...
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Table 2-11. Orderable part numbers summary (continued)

NXP part number CPU Pin Packag| Total | Progra | EEPRO| SRAM | GPIO | Tamper| Progra
count e flash | m flash M Detect m
frequen
c memor Flash
y y Swap
MK64FX512VLQ12 120 144 LQFP 640 KB (512 KB |4 KB 256 KB (100 No No
MHz
MK64FX512VMD12 120 144 MAPBG [640 KB |512KB |4 KB 256 KB (100 No No
MHz A
MK64FN1MOVLL12 120 100 LQFP 1 MB 1 MB — 256 KB |66 No Yes
MHz
MK64FN1MOVDC12 120 121 XFBGA |1 MB 1 MB — 256 KB (83 No Yes
MHz
MK64FN1MOVLQ12 120 144 LQFP 1 MB 1 MB — 256 KB (100 No Yes
MHz
MK64FN1MOVMD12 120 144 MAPBG |1 MB 1 MB — 256 KB (100 No Yes
MHz A
MK64FN1MOCAJ12R |120 142 CSP 1 MB 1 MB — 256 KB ({100 No Yes
MHz
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the microcontroller. It
includes:

* module block diagrams showing immediate connections within the device,

* specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

* links for more information.

3.2 Core modules

3.2.1 ARM Cortex-M4 Core Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.
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Core modules

Debug Interrupts

Crossbar

switch

ARM Cortex-M4
Core

PPB PPB

Modules

Figure 3-1. Core configuration

Table 3-1.

Reference links to related information

Topic

Related module

Reference

Full description

ARM Cortex-M4 core

ARM Cortex-M4 Technical Reference Manual

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

System/instruction/data

Crossbar switch

Crossbar switch

bus module
Debug IEEE 1149.1 JTAG Debug
IEEE 1149.7 JTAG
(cJTAG)
Serial Wire Debug
(SWD)
ARM Real-Time Trace
Interface
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Private Peripheral Bus | Miscellaneous Control MCM
(PPB) module Module (MCM)
Private Peripheral Bus Memory-Mapped MMCAU

(PPB) module

Cryptographic
Acceleration Unit
(MMCAU)

3.2.1.1

Buses, interconnects, and interfaces

The ARM Cortex-M4 core has four buses as described in the following table.
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Table 3-2. Buses of ARM Cortex-M4 core and their description

Bus name Description

Instruction code (ICODE) bus | The ICODE and DCODE buses are muxed. This muxed bus is called the CODE bus and is
Data code (DCODE) bus connected to the crossbar switch via a single master port.

System bus The system bus is connected to a separate master port on the crossbar.

Private peripheral (PPB) bus |The PPB provides access to these modules:

* ARM modules such as the NVIC, ETM, ITM, DWT, FBP, and ROM table
¢ Miscellaneous Control Module (MCM)

* Memory-Mapped Cryptographic Acceleration Unit (MMCAU)

3.2.1.2 System Tick Timer

The System Tick Timer's clock source is always the core clock, FCLK. This results in the
following:

e The CLKSOURCE bit in SysTick Control and Status register is always set to select

the core clock.
» Because the timing reference (FCLK) is a variable frequency, the TENMS bit in the

SysTick Calibration Value Register is always zero.
* The NOREF bit in SysTick Calibration Value Register is always set, implying that
FCLK is the only available source of reference timing.

3.2.1.3 Debug facilities

This device has extensive debug capabilities including run control and tracing
capabilities. The standard ARM debug port that supports JTAG and SWD interfaces.
Also the cJTAG interface is supported on this device.

3.2.1.4 Core privilege levels

The ARM documentation uses different terms than this document to distinguish between
privilege levels.

If you see this term... it also means this term...
Privileged Supervisor

Unprivileged or user User
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3.2.2 Nested Vectored Interrupt Controller (NVIC) Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.

Interrupts -

Nested Vectored

ARM PPB ; , -
Cortex-M4 Interrupt Controller .
core (NVIC) : :

Figure 3-2. NVIC configuration

Table 3-3. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M7 Technical Reference Manual
Interrupt Controller
(NVIC)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M4 core ARM Cortex-M4 core
(PPB)

3.2.2.1 Interrupt priority levels

This device supports 16 priority levels for interrupts. Therefore, in the NVIC each source
in the IPR registers contains 4 bits. For example, IPRO is shown below:

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

R 0/(0(0]|0 0/(0(0]|0 0/{0(0]|0 0|0(0]|0
IRQ3 IRQ2 IRQ1 IRQO

3.2.2.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin the NMI signal is multiplexed on, must be configured for the NMI function to
generate the non-maskable interrupt request.
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3.2.2.3 Interrupt channel assignments
The interrupt source assignments are defined in the following table.

* Vector number — the value stored on the stack when an interrupt is serviced.

e IRQ number — non-core interrupt source count, which is the vector number minus
16.

The IRQ number is used within ARM's NVIC documentation.

Table 3-5. Interrupt vector assignments

Address Vector IRQ! NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3
ARM Core System Handler Vectors
0x0000_0000 0 - - - ARM core Initial Stack Pointer
0x0000_0004 1 - - - ARM core Initial Program Counter
0x0000_0008 2 - - - ARM core Non-maskable Interrupt (NMI)
0x0000_000C 3 - - - ARM core Hard Fault
0x0000_0010 4 - - - ARM core MemManage Fault
0x0000_0014 5 - - - ARM core Bus Fault
0x0000_0018 6 - - - ARM core Usage Fault
0x0000_001C 7 - - - — —
0x0000_0020 8 - - - — —
0x0000_0024 9 - - - — —
0x0000_0028 10 - - - — —
0x0000_002C 11 - - - ARM core Supervisor call (SVCall)
0x0000_0030 12 - - - ARM core Debug Monitor
0x0000_0034 13 - - - — —
0x0000_0038 14 - - - ARM core Pendable request for system service
(PendableSrvReq)

0x0000_003C 15 - - - ARM core System tick timer (SysTick)
Non-Core Vectors
0x0000_0040 16 0 0 0 DMA DMA channel 0 transfer complete
0x0000_0044 17 1 0 0 DMA DMA channel 1 transfer complete
0x0000_0048 18 2 0 0 DMA DMA channel 2 transfer complete
0x0000_004C 19 3 0 0 DMA DMA channel 3 transfer complete
0x0000_0050 20 4 0 1 DMA DMA channel 4 transfer complete
0x0000_0054 21 5 0 1 DMA DMA channel 5 transfer complete
0x0000_0058 22 6 0 1 DMA DMA channel 6 transfer complete
0x0000_005C 23 7 0 1 DMA DMA channel 7 transfer complete
0x0000_0060 24 8 0 2 DMA DMA channel 8 transfer complete

Table continues on the next page...
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Table 3-5. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0064 25 9 0 2 DMA DMA channel 9 transfer complete
0x0000_0068 26 10 0 2 DMA DMA channel 10 transfer complete
0x0000_006C 27 11 0 2 DMA DMA channel 11 transfer complete
0x0000_0070 28 12 0 3 DMA DMA channel 12 transfer complete
0x0000_0074 29 13 0 3 DMA DMA channel 13 transfer complete
0x0000_0078 30 14 0 3 DMA DMA channel 14 transfer complete
0x0000_007C 31 15 0 3 DMA DMA channel 15 transfer complete
0x0000_0080 32 16 0 4 DMA DMA error interrupt channels 0-15
0x0000_0084 33 17 0 4 MCM MCM interrupt
0x0000_0088 34 18 0 4 Flash memory Command complete
0x0000_008C 35 19 0 4 Flash memory Read collision
0x0000_0090 36 20 0 5 Mode Controller Low-voltage detect, low-voltage warning
0x0000_0094 37 21 0 5 LLWU Low Leakage Wakeup
NOTE: The LLWU interrupt must not be
masked by the interrupt
controller to avoid a scenario
where the system does not fully
exit stop mode on an LLS
recovery.
0x0000_0098 38 22 0 5 WDOG or EWM Both watchdog modules share this
interrupt
0x0000_009C 39 23 0 5 RNG Random Number Generator
0x0000_00A0 40 24 0 6 [2co —
0x0000_00A4 41 25 0 6 [2C1 —
0x0000_00A8 42 26 0 6 SPIO Single interrupt vector for all sources
0x0000_00AC 43 27 0 6 SPI1 Single interrupt vector for all sources
0x0000_00B0 44 28 0 7 12S0 Transmit
0x0000_00B4 45 29 0 7 12S0 Receive
0x0000_00B8 46 30 0 7 — —
0x0000_00BC 47 31 0 7 UARTO Single interrupt vector for UART status
sources
0x0000_00CO0 48 32 1 8 UARTO Single interrupt vector for UART error
sources
0x0000_00C4 49 33 1 8 UART1 Single interrupt vector for UART status
sources
0x0000_00C8 50 34 1 8 UART1 Single interrupt vector for UART error
sources
0x0000_00CC 51 35 1 8 UART2 Single interrupt vector for UART status
sources

Table continues on the next page...
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Table 3-5. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_00D0 52 36 1 9 UART2 Single interrupt vector for UART error
sources
0x0000_00D4 53 37 1 9 UART3 Single interrupt vector for UART status
sources
0x0000_00D8 54 38 1 9 UART3 Single interrupt vector for UART error
sources
0x0000_00DC 55 39 1 9 ADCO —
0x0000_00EO 56 40 1 10 CMPO —
0x0000_00E4 57 41 1 10 CMPA1 —
0x0000_00E8 58 42 1 10 FTMO Single interrupt vector for all sources
0x0000_00EC 59 43 1 10 FTMA1 Single interrupt vector for all sources
0x0000_00F0 60 44 1 11 FTM2 Single interrupt vector for all sources
0x0000_00F4 61 45 1 11 CMT —
0x0000_00F8 62 46 1 11 RTC Alarm interrupt
0x0000_00FC 63 47 1 11 RTC Seconds interrupt
0x0000_0100 64 48 1 12 PIT Channel 0
0x0000_0104 65 49 1 12 PIT Channel 1
0x0000_0108 66 50 1 12 PIT Channel 2
0x0000_010C 67 51 1 12 PIT Channel 3
0x0000_0110 68 52 1 13 PDB —
0x0000_0114 69 53 1 13 USB OTG —
0x0000_0118 70 54 1 13 USB Charger —
Detect
0x0000_011C 71 55 1 13 — —
0x0000_0120 72 56 1 14 DACO —
0x0000_0124 73 57 1 14 MCG —
0x0000_0128 74 58 1 14 Low Power Timer |—
0x0000_012C 75 59 1 14 Port control module |Pin detect (Port A)
0x0000_0130 76 60 1 15 Port control module |Pin detect (Port B)
0x0000_0134 77 61 1 15 Port control module |Pin detect (Port C)
0x0000_0138 78 62 1 15 Port control module |Pin detect (Port D)
0x0000_013C 79 63 1 15 Port control module | Pin detect (Port E)
0x0000_0140 80 64 2 16 Software Software interrupt*
0x0000_0144 81 65 2 16 SPI2 Single interrupt vector for all sources
0x0000_0148 82 66 2 16 UART4 Single interrupt vector for UART status
sources
0x0000_014C 83 67 2 16 UART4 Single interrupt vector for UART error
sources

Table continues on the next page...
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Table 3-5. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3
0x0000_0150 84 68 2 17 UART5 Single interrupt vector for UART status
sources
0x0000_0154 85 69 2 17 UART5 Single interrupt vector for UART error
sources

0x0000_0158 86 70 2 17 CMP2 —
0x0000_015C 87 71 2 17 FTM3 Single interrupt vector for all sources
0x0000_0160 88 72 2 18 DACH1 —
0x0000_0164 89 73 2 18 ADC1 —
0x0000_0168 90 74 2 18 [2c2 —
0x0000_016C 91 75 2 18 CANO OR'ed Message buffer (0-15)
0x0000_0170 92 76 2 19 CANO Bus Off
0x0000_0174 93 77 2 19 CANO Error
0x0000_0178 94 78 2 19 CANO Transmit Warning
0x0000_017C 95 79 2 19 CANO Receive Warning
0x0000_0180 96 80 2 20 CANO Wake Up
0x0000_0184 97 81 2 20 SDHC —
0x0000_0188 98 82 2 20 Ethernet MAC IEEE 1588 Timer Interrupt
0x0000_018C 929 83 2 20 Ethernet MAC Transmit interrupt
0x0000_0190 100 84 2 21 Ethernet MAC Receive interrupt
0x0000_0194 101 85 2 21 Ethernet MAC Error and miscellaneous interrupt

—_

Indicates the NVIC's interrupt source number.

2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this

value is: IRQ div 32
3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4
4. This interrupt can only be pended or cleared via the NVIC registers.

3.2.2.3.1

Determining the bitfield and register location for configuring a
particular interrupt

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following
table is an excerpt of the LPTMR row from Interrupt channel assignments.

Table 3-6. LPTMR interrupt vector assignment

Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0138 74 58 1 14 Low Power Timer |—
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Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this

value is: IRQ div 32
3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4

—_

* The NVIC registers you would use to configure the interrupt are:
» NVICISER1
* NVICICERI
* NVICISPR1
* NVICICPR1
* NVICIABRI1
* NVICIPR14
e To determine the particular IRQ's bitfield location within these particular registers:
* NVICISER1, NVICICERI, NVICISPR1, NVICICPR1, NVICIABRI1 bit
location = IRQ mod 32 =26
* NVICIPR 14 bitfield starting location = 8 * (IRQ mod 4) + 4 =20

Since the NVICIPR bitfields are 4-bit wide (16 priority levels), the NVICIPR 14
bitfield range is 20-23

Therefore, the following bitfield locations are used to configure the LPTMR interrupts:

* NVICISER1[26]
e NVICICER1[26]
e NVICISPRI1[26]
e NVICICPRI1[26]
* NVICIABRI1[26]
* NVICIPR14[23:20]

3.2.3 Asynchronous Wake-up Interrupt Controller (AWIC)
Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.
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Figure 3-3. Asynchronous Wake-up Interrupt Controller configuration

Table 3-7. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Nested Vectored NVIC
Interrupt Controller
(NVIC)
Wake-up requests AWIC wake-up sources

3.2.3.1 Wake-up sources

The device uses the following internal and external inputs to the AWIC module.

Table 3-8. AWIC Stop and VLPS Wake-up Sources

Wake-up source Description
Available system resets RESET pin and WDOG when LPO is its clock source, and JTAG
Low-voltage detect Mode Controller
Low-voltage warning Mode Controller
Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCx The ADC is functional when using internal clock source
CMPx Since no system clocks are available, functionality is limited
12C Address match wakeup
UART Active edge on RXD
USB FS/LS Controller Wakeup
LPTMR Functional when using clock source which is active in Stop and VLPS modes
RTC Functional in Stop/VLPS modes
Ethernet Magic Packet wakeup
SDHC Wakeup
12S (SAl) Functional when using an external bit clock or external master clock

Table continues on the next page...
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Table 3-8. AWIC Stop and VLPS Wake-up Sources (continued)

Wake-up source

Description

ENET 1588 Timer

Functional when using clock source which is active in Stop and VLPS modes

CAN

Wakeup on edge (CANx_RX)

NMI

Non-maskable interrupt

3.2.4 FPU Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

PPB

Transfers

ARM Cortex M4
Core

FPU

Figure 3-4. FPU configuration

Table 3-9. Reference links to related information

Topic

Related module

Reference

Full description

FPU

ARM Cortex-M4 Technical Reference Manual

System memory map

System memory map

Clocking

Clock Distribution

Power Management

Power Management

Transfers

Private Peripheral Bus
(PPB)

ARM Cortex M4 core

ARM Cortex-M4 core

3.2.5 JTAG Controller Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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System modules

JTAG controller cJTAG

Signal
multiplexing

Figure 3-5. JTAGC Controller configuration

Table 3-10. Reference links to related information

Topic Related module Reference
Full description JTAGC JTAGC
Signal multiplexing Port control Signal multiplexing

3.3 System modules

3.3.1 SIM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-6. SIM configuration

Table 3-11. Reference links to related information
Topic Related module Reference
Full description SIM SIM
System memory map System memory map
Clocking Clock distribution

Power management

Power management
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3.3.2 System Mode Controller (SMC) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge
Register
access
Syst Mod Power
Reset ystem hiode Management
Controller (SMC) Controller
(PMC)

Figure 3-7. System Mode Controller configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description System Mode SMC
Controller (SMC)
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.3 PMC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-8. PMC configuration

Table 3-13. Reference links to related information

Topic

Related module

Reference

Full description

PMC

PMC

System memory map

System memory map

Power management

Power management

Full description

System Mode
Controller (SMC)

System Mode Controller

Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.4 Low-Leakage Wake-up Unit (LLWU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge 0
Register
access
Wake-up
requests
Power Low-Leakage
Management _
Controller Wake 2 . .
(PMC) Unit (LLWU) :

Figure 3-9. Low-Leakage Wake-up Unit configuration

Table 3-14. Reference links to related information

Topic Related module Reference
Full description LLWU LLWU
System memory map System memory map
Clocking Clock distribution
Power management Power management chapter
Power Management Power Management Controller (PMC)
Controller (PMC)
Mode Controller Mode Controller
Wake-up requests LLWU wake-up sources

3.3.4.1 Wake-up Sources

This chip uses the following internal peripheral and external pin inputs as wakeup
sources to the LLWU module:

 LLWU_PO-15 are external pin inputs. Any digital function multiplexed on the pin
can be selected as the wakeup source. See the chip's signal multiplexing table for the
digital signal options.

 LLWU_MOIF-MTIF are connections to the internal peripheral interrupt flags.

NOTE
RESET is also a wakeup source, depending on the bit setting in
the LLWU_RST register. On devices where RESET is not a
dedicated pin, it must also be enabled in the explicit port mux
control.
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Table 3-15. Wakeup sources for LLWU inputs
Input Wakeup source Input Wakeup source

LLWU_PO PTE1/LLWU_PO pin LLWU_P12 PTDO/LLWU_P12 pin
LLWU_P1 PTE2/LLWU_P1 pin LLWU_P13 PTD2/LLWU_P13 pin
LLWU_P2 PTE4/LLWU_P2 pin LLWU_P14 PTD4/LLWU_P14 pin
LLWU_P3 PTA4/LLWU_P3 pin LLWU_P15 PTD6/LLWU_P15 pin
LLWU_P4 PTA13/LLWU_P4 pin LLWU_MOIF  |[LPTMR?
LLWU_P5 |PTBO/LLWU_P5 pin LLWU_M1IF  |CMPQ?
LLWU_P6 PTC1/LLWU_PS6 pin LLWU_M2IF  |CMP12
LLWU_P7 PTC3/LLWU_P7 pin LLWU_MS3IF |CMP22
LLWU_P8 PTC4/LLWU_P8 pin LLWU_M4IF  |Reserved
LLWU_P9 PTC5/LLWU_P9 pin LLWU_MS5IF  |RTC Alarm?
LLWU_P10 |PTC6/LLWU_P10 pin LLWU_M6IF |Reserved
LLWU_P11 |PTC11/LLWU_P11 pin LLWU_M7IF |RTC Seconds?

1. The EZP_CS signal is checked only on Chip Reset not VLLS, so a VLLS wakeup via a non-reset source does not cause
EzPort mode entry. If NMI was enabled on entry to LLS/VLLS, asserting the NMI pin generates an NMI interrupt on exit
from the low power mode.

2. Requires the peripheral and the peripheral interrupt to be enabled. The LLWU's WUME bit enables the internal module flag

as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.3.5 MCM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

ARM Cortex-M4

PPB

core Transfers

Miscellaneous
Control Module
(MCM)

Figure 3-10. MCM configuration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

Miscellaneous control
module (MCM)

MCM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Transfers

Private Peripheral Bus
(PPB)

ARM Cortex-M4 core

ARM Cortex-M4 core
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3.3.6 Crossbar Switch Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Master Modules

ARM core

Y

MO

code bus

ARM core

system bus

DMA

Y

EzPort

Mux

Ethernet _,

usB

Y

M4

SDHC

Y

M5

M1

M2

M3

Crossbar Switch

SO

St

S2

S4

Slave Modules

Memory protection unit

Flash
controller

(MPU)

SRAM
backdoor

Peripheral

bridge 0

Peripheral

bridge 1

x

—— 3
GPIO

controller

—>» FlexBus

MPU

Figure 3-11. Crossbar switch integration

Table 3-17. Reference links to related information

Topic

Related module

Reference

Full description

Crossbar switch

Crossbar Switch

System memory map

System memory map

Clocking

Clock Distribution

Memory protection

MPU

MPU

Crossbar switch master

ARM Cortex-M4 core

ARM Cortex-M4 core

Crossbar switch master

DMA controller

DMA controller

Table continues on the next page...
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Table 3-17. Reference links to related information (continued)

Topic Related module Reference
Crossbar switch master EzPort EzPort
Crossbar switch master Ethernet Ethernet
Crossbar switch master USB FS/LS USB FS/LS
Crossbar switch master SDHC SDHC

Crossbar switch slave Flash Flash
Crossbar switch slave Peripheral bridges Peripheral bridge
Crossbar switch slave GPIO controller GPIO controller
Crossbar switch slave FlexBus/ FlexBus

3.3.6.1 Crossbar Switch Master Assignments

The masters connected to the crossbar switch are assigned as follows:

Master module Master port number

ARM core code bus

ARM core system bus
DMA/EzPort

Ethernet

USB FS/LS OTG
SDHC

alh|OWINM|=2|O

NOTE
The DMA and EzPort share a master port. Since these modules
never operate at the same time, no configuration or arbitration
explanations are necessary.

The crossbar switch comes out of reset with a fixed priority. The priority from highest to
lowest is masters MO -> M1 -> M2 -> M3. M4-M7 are unused.

3.3.6.2 Crossbar Switch Slave Assignments

The slaves connected to the crossbar switch are assigned as follows:

Slave module Slave port number Protected by MPU?
Flash memory controller 0 Yes
SRAM backdoor 1 Yes

Table continues on the next page...
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Slave module Slave port number Protected by MPU?
Peripheral bridge 0' 2 No. Protection built into bridge.
Peripheral bridge 1/GPIO! 3 No. Protection built into bridge.
FlexBus 4 Yes

1. See System memory map for access restrictions.

3.3.6.3 PRS register reset values
The AXBS_PRSn registers reset to 0054_3210h .

3.3.7 Memory Protection Unit (MPU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

Logical Transfers Transfers
Master
IR/?gifal Memory Protection (—>
aster i

Unit (MPU)

Logical

Master

Figure 3-12. Memory Protection Unit configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description Memory Protection Unit MPU
(MPU)
System memory map System memory map
Clocking Clock distribution

Power management Power management

Logical masters Logical master assignments

Slave modules Slave module assignments

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 87




System modules

3.3.7.1 MPU Slave Port Assignments
The memory-mapped resources protected by the MPU are:

Table 3-19. MPU Slave Port Assignments

Source MPU Slave Port Assignment Destination
Crossbar slave port 0 MPU slave port O Flash Controller
Crossbar slave port 1 MPU slave port 1 SRAM backdoor
Code Bus MPU slave port 2 SRAM_L frontdoor
System Bus MPU slave port 3 SRAM_U frontdoor
Crossbar slave port 4 MPU slave port 4 FlexBus

3.3.7.2 MPU Logical Bus Master Assignments

The logical bus master assignments for the MPU are:

Table 3-20. MPU Logical Bus Master Assignments

MPU Logical Bus Master Number Bus Master

Core

Debugger
DMA/EzPort
ENET

usB

SDHC

none

N|ojloa|h~A|lWO|N|=|O

none

3.3.7.3 MPU Access Violation Indications

Access violations detected by the MPU are signaled to the appropriate bus master as
shown below:

Table 3-21. Access Violation Indications

Bus Master Core Indication

Core Bus fault (interrupt vector #5) Note: To enable bus faults set the core's System
Handler Control and State Register's BUSFAULTENA bit. If this bit is not set, MPU
violations result in a hard fault (interrupt vector #3).

Debugger The STICKYERROR flag is set in the Debug Port Control/Status Register.
DMA Interrupt vector #32
Ethernet Interrupt vector #101

Table continues on the next page...
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Table 3-21. Access Violation Indications (continued)

Bus Master Core Indication
USB_OTG Interrupt vector #69
SDHC Interrupt vector #97

3.3.7.4 Reset Values for RGDO Registers

At reset, the MPU is enabled with a single region descriptor (RGDO) that maps the entire
4 GB address space with read, write and execute permissions given to the core, debugger
and the DMA bus masters.

The following table shows the chip-specific reset values for RGDO and RGDAACO.
Table 3-22. Reset Values for RGDO Registers

Register Reset value
RGDO_WORDO 0000_0000h
RGDO0_WORD1 FFFF_FFFFh
RGDO_WORD2 0061_F7DFh
RGDO_WORD3 0000_0001h
RGDAACO 0061_F7DFh

3.3.7.5 Write Access Restrictions for RGDO0 Registers

In addition to configuring the initial state of RGDO0, the MPU implements further access
control on writes to the RGDO registers. Specifically, the MPU assigns a priority scheme
where the debugger is treated as the highest priority master followed by the core and then
all the remaining masters.

The MPU does not allow writes from the core to affect the RGDO start or end addresses
nor the permissions associated with the debugger; it can only write the permission fields
associated with the other masters.

These protections (summarized below) guarantee that the debugger always has access to
the entire address space and those rights cannot be changed by the core or any other bus
master.
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Table 3-23. Write Access to RGDO Registers

Bus Master

Write Access?

Core

register fields:

Partial. The Core cannot write to the following registers or

 RGDO_WORDO, RGDO_WORD1, RGDO_WORDS3
* RGDO_WORD2[M1SM, M1UM]
* RGDAACO[M1SM, M1UM]

NOTE: Changes to the RGDO_WORD?2 alterable fields
should be done via a write to RGDAACO.

Debugger

Yes

All other masters

No

3.3.8 Peripheral Bridge Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Crossbar Transfers AIPS-Lite Transfers

switch peripheral bridge

Peripherals

Figure 3-13. Peripheral bridge configuration

Table 3-24. Reference links to related information

Topic

Related module Reference

Full description

Peripheral bridge

(AIPS-Lite)

Peripheral bridge (AIPS-Lite)

System memory map

System memory map

Clocking

Clock Distribution

Crossbar switch

Crossbar switch

Crossbar switch

3.3.8.1 Number of peripheral bridges

This device contains two identical peripheral bridges.
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3.3.8.2 Memory maps

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPSO Memory Map and AIPST Memory Map for the memory slot
assignment for each module.

3.3.8.3 AIPS_Lite MPRA register reset value
o AIPSx_MPRA reset value is 0x7770_0000

Therefore, masters O, 1, and 2 are trusted bus masters after reset.

3.3.8.4 AIPS_Lite PACRA-P and PACRU register reset values

The reset values for the AIPS_Lite registers are listed in the following table.

Register name AIPSO reset value AIPS1 reset value
PACRA 0x5000_4000 0x5000_0000
PACRB 0x4400_4400 0x0000_0000
PACRC 0x0000_0000 0x0000_0000
PACRD 0x0000_0004 0x0000_0000
PACRE 0x4444_4444 0x4444_4444
PACRF 0x4444_4444 0x4444_4444
PACRG 0x4444_4444 0x4444_4444
PACRH 0x4444_4444 0x4444_4444
PACRI 0x4444 4444 0x4444 4444
PACRJ 0x4444_4444 0x4444_4444
PACRK 0x4444_4444 0x4444_4444
PACRL 0x4444_4444 0x4444_4444
PACRM 0x4444_4444 0x4444_4444
PACRN 0x4444_4444 0x4444_4444
PACRO 0x4444_4444 0x4444_4444
PACRP 0x4444_4444 0x4444_4444
PACRU 0x4400_0000 0x4400_0000

3.3.9 DMA request multiplexer configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-14. DMA request multiplexer configuration

Table 3-25. Reference links to related information

Topic Related module Reference
Full description DMA request DMA Mux
multiplexer
System memory map System memory map
Clocking Clock distribution
Power management Power management
Channel request DMA controller DMA Controller
Requests DMA request sources

3.3.9.1 DMA MUX request sources

This device includes a DMA request mux that allows up to 63 DMA request signals to be
mapped to any of the 16 DMA channels. Because of the mux there is not a hard
correlation between any of the DMA request sources and a specific DMA channel.

Table 3-26. DMA request sources - MUX 0

Source Source module Source description
number

0 — Channel disabled’

1 Reserved Not used

2 UARTO Receive

3 UARTO Transmit

4 UARTH1 Receive

5 UART1 Transmit

6 UART2 Receive

7 UART2 Transmit

8 UARTS3 Receive

9 UART3 Transmit

Table continues on the next page...
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Table 3-26. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
10 UART4 Transmit or Receive
11 UART5 Transmit or Receive
12 12S0 Receive
13 1280 Transmit
14 SPIO Receive
15 SPIO Transmit
16 SPI Transmit or Receive
17 SPI2 Transmit or Receive
18 [2Co —
19 I2C1 or I2C2 —
20 FTMO Channel 0
21 FTMO Channel 1
22 FTMO Channel 2
23 FTMO Channel 3
24 FTMO Channel 4
25 FTMO Channel 5
26 FTMO Channel 6
27 FTMO Channel 7
28 FTMA1 Channel 0
29 FTM1 Channel 1
30 FTM2 Channel 0
31 FTM2 Channel 1
32 FTM3 Channel 0
33 FTM3 Channel 1
34 FTM3 Channel 2
35 FTM3 Channel 3
36 FTM3 Channel 4
37 FTM3 Channel 5
38 FTM3 Channel 6
39 FTM3 Channel 7
40 ADCO —
41 ADC1 —
42 CMPO —
43 CMP1 —
44 CMP2 —
45 DACO —
46 DACH1 —
47 CMT —
48 PDB —

Table continues on the next page...
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Table 3-26. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
49 Port control module Port A
50 Port control module Port B
51 Port control module Port C
52 Port control module Port D
53 Port control module Port E
54 IEEE 1588 Timers Timer 0
55 IEEE 1588 Timers Timer 1
56 IEEE 1588 Timers Timer 2
57 IEEE 1588 Timers Timer 3
58 DMA MUX Always enabled
59 DMA MUX Always enabled
60 DMA MUX Always enabled
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

1. Configuring a DMA channel to select source 0 or any of the reserved sources disables that DMA channel.

3.3.9.2 DMA transfers via PIT trigger

The PIT module can trigger a DMA transfer on the first four DMA channels. The
assignments are detailed at PIT/DMA Periodic Trigger Assignments .

3.3.10 DMA Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-15. DMA Controller configuration

Table 3-27. Reference links to related information

Topic

Related module

Reference

Full description

DMA Controller

DMA Controller

System memory map

System memory map

Register access

Peripheral bridge
(AIPS-Lite 0)

AIPS-Lite 0

Clocking

Clock distribution

Power management

Power management

Transfers

Crossbar switch

Crossbar switch

3.3.11 External Watchdog Monitor (EWM) Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-16. External Watchdog Monitor configuration

Table 3-28. Reference links to related information

Reference
EWM

Topic Related module

Full description External Watchdog

Monitor (EWM)

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Signal multiplexing

Port Control Module

Signal multiplexing

3.3.11.1 EWM clocks

This table shows the EWM clocks and the corresponding chip clocks.
Table 3-29. EWM clock connections

Module clock Chip clock

Low Power Clock 1 kHz LPO Clock

3.3.11.2 EWM low-power modes

This table shows the EWM low-power modes and the corresponding chip low-power
modes.

Table 3-30. EWM low-power modes

Module mode Chip mode

Wait, VLPW
Stop, VLPS, LLS

Stop

Stop
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3.3.11.3 EWNM_OUT pin state in low power modes

When the CPU enters a Run mode from Wait or Stop recovery, the pin resumes its
previous state before entering Wait or Stop mode. When the CPU enters Run mode from
Power Down, the pin returns to its reset state.

3.3.12 Watchdog Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

Mode WDOG

Controller

Figure 3-17. Watchdog configuration

Table 3-31. Reference links to related information

Topic Related module Reference
Full description Watchdog Watchdog
System memory map System memory map
Clocking Clock distribution
Power management Power management
Mode Controller (MC) System Mode Controller

3.3.12.1 WDOG clocks

This table shows the WDOG module clocks and the corresponding chip clocks.

Table 3-32. WDOG clock connections

Module clock Chip clock
LPO Oscillator 1 kHz LPO Clock

Table continues on the next page...
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Table 3-32. WDOG clock connections (continued)

Module clock Chip clock
Alt Clock Bus Clock
Fast Test Clock Bus Clock
System Bus Clock Bus Clock

3.3.12.2 WDOG low-power modes

This table shows the WDOG low-power modes and the corresponding chip low-power
modes.

Table 3-33. WDOG low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS
Power Down LLS(static retained), VLLSx(Power Off)

3.4 Clock modules

3.4.1 MCG Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-18. MCG configuration

Table 3-34. Reference links to related information

Topic Related module Reference
Full description MCG MCG
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.4.1.1

MCG oscillator clock input options

The MCG has multiple oscillator input clock sources. Selection is determined by
MCG_C7[OSCSEL] bitfield. The following table shows the chip-specific clock
assignments for this bitfield.

Table 3-35. MCG Oscillator Reference Options

MCG_C7[OSCSEL] MCG defined Chip clock
selection
00 OSCCLKO - System OSCCLK - System oscillator output. Derived from external crystal circuit or
Oscillator directly from EXTAL.
01 OSC2/RTC Oscillator | RTC 32kHz oscillator output. RTC clock is derived from external crystal
circuit associated with RTC.
10 OSCCLK1 - Oscillator |IRC48MCLK. Derived from internal 48 MHz oscillator.
11 Reserved —

See Clock Distribution for more details on these clocks.
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3.4.2 OSC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

MCG

System
oscillator

Module signals

Signal

multiplexing

Figure 3-19. OSC configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description OSsC 0OSC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing
Full description MCG MCG

3.4.2.1 OSC modes of operation with MCG

The MCG's C2 register bits configure the oscillator frequency range. See the OSC and
MCG chapters for more details.

3.4.3 RTC OSC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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MCG

32-kHz
RTC oscillator

Module signals Signal

multiplexing

Figure 3-20. RTC OSC configuration

Table 3-37. Reference links to related information

Topic Related module Reference
Full description RTC OSC RTC OSC
Signal multiplexing Port control Signal multiplexing
Full description MCG MCG

3.5 Memories and memory interfaces

3.5.1 Flash Memory Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0

Register
access

Flash memory
controller

Transfers

Flash memory

Figure 3-21. Flash memory configuration

Table 3-38. Reference links to related information

Topic

Related module

Reference

Full description

Flash memory

Flash memory

System memory map

System memory map

Clocking

Clock Distribution

Transfers

Flash memory
controller

Flash memory controller

Register access

Peripheral bridge

Peripheral bridge
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3.5.1.1

Flash memory types

This device contains the following types of flash memory:

* Program flash memory — non-volatile flash memory that can execute program code

* FlexMemory — encompasses the following memory types:

* For devices with FlexNVM: FlexNVM — Non-volatile flash memory that can
execute program code, store data, or backup EEPROM data

* For devices with FlexXNVM: FlexRAM — RAM memory that can be used as
traditional RAM or as high-endurance EEPROM storage, and also accelerates
flash programming

* For devices with only program flash memory: Programming acceleration RAM
— RAM memory that accelerates flash programming

3.5.1.2 Flash Memory Sizes

The devices covered in this document contain:

* For devices with program flash only:
* 2 blocks (512 KB each) blocks of program flash consisting of 4 KB sectors
* 1 block of programming Acceleration RAM

* For devices that contain FlexNVM:
* 1 block (512 KB) of program flash consisting of 4 KB sectors
* 1 block (128 KB) of FlexNVM consisting of 4 KB sectors
* 1 block of FlexRAM

The amounts of flash memory for the devices covered in this document are:

Device Program Block 0 (P- FlexNVM Block 1 FlexRAM/ FlexRAM/
flash (KB) Flash) (KB) (FlexNVM/ P- | Programming| Programming
address Flash) Acceleration | Acceleration
range' address RAM (KB) | RAM address
range' range
MK64FX512VL | 512 0x0000_0000- | 128 0x1000_0000- | 4 0x1400_0000—-
L12 0x0007_FFFF 0x1001_FFFF 0x1400_OFFF
MK64FX512VM | 512 0x0000_0000- | 128 0x1000_0000- |4 0x1400_0000—
Cci12 0x0007_FFFF 0x1001_FFFF 0x1400_OFFF
MK64FX512VL | 512 0x0000_0000—- | 128 0x1000_0000- |4 0x1400_0000—
Q12 0x0007_FFFF 0x1001_FFFF 0x1400_OFFF
MK64FX512VM | 512 0x0000_0000- | 128 0x1000_0000- |4 0x1400_0000—
D12 0x0007_FFFF 0x1001_FFFF 0x1400_OFFF

Table continues on the next page...

K64 Sub-Family Reference Manual, Rev. 3, July 2017

102

NXP Semiconductors



.4
Chapter 3 Chip Configuration

Device Program Block 0 (P- FlexNVM Block 1 FlexRAM/ FlexRAM/
flash (KB) Flash) (KB) (FlexNVM/ P- | Programming| Programming
address Flash) Acceleration | Acceleration
range'’ address RAM (KB) | RAM address
range' range
MK64FN1MOVL | 1024 0x0000_0000- | — 0x0008_0000- |4 0x1400_0000—
L12 0x0007_FFFF 0x000F_FFFF 0x1400_OFFF
MK64FN1MOV | 1024 0x0000_0000- | — 0x0008_0000- |4 0x1400_0000—-
MC12 0x0007_FFFF 0x000F_FFFF 0x1400_OFFF
MK64FN1MOVL | 1024 0x0000_0000- | — 0x0008_0000- |4 0x1400_0000—-
Q12 0x0007_FFFF 0x000F_FFFF 0x1400_OFFF
MK64FN1MOV | 1024 0x0000_0000- | — 0x0008_0000- | 4 0x1400_0000—-
MD12 0x0007_FFFF 0x000F_FFFF 0x1400_OFFF

1. For program flash only devices: The addresses shown assume program flash swap is disabled (default configuration).

3.5.1.3 Flash Memory Size Considerations

Since this document covers devices that contain program flash only and devices that
contain program flash and FlexNVM, there are some items to consider when reading the
flash memory chapter.

e The flash memory chapter shows a mixture of information depending on the device
you are using.
* For the program flash only devices:
e Two program flash blocks are supported: block 0 and block 1. The two blocks
are contiguous in the memory map.
* The program flash blocks support a swap feature in which the starting address of
the program flash blocks can be swapped.
* The FlexRAM is not available as EEPROM or traditional RAM. Its space is used
only for programming acceleration through the Program Section command.
e The programming acceleration RAM is used for the Program Section command.
* For the devices containing program flash and FlexNVM:
* Since there is only one program flash block, the program flash swap feature is
not available.

3.5.1.4 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System
memory map.
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Flash memory base address
Registers

Program flash base address
Flash configuration field

Program flash

Programming acceleration
RAM base address RAM

Figure 3-22. Flash memory map for devices containing only program flash

Flash memory base address
Registers

Program flash base address
Flash configuration field

Program flash

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 3-23. Flash memory map for devices containing FlexNVM

3.5.1.5 Flash Security

How flash security is implemented on this device is described in Chip Security.

3.5.1.6 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS asserted during reset).
Otherwise, flash memory operates in NVM normal mode.
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3.5.1.7 Erase All Flash Contents

An Erase All Flash Blocks operation can be launched by software through a series of
peripheral bus writes to flash registers. In addition the entire flash memory may be erased
external to the flash memory from the SWJ-DP debug port by setting
DAP_CONTROLJO0]. DAP_STATUS[O] is set to indicate the mass erase command has
been accepted. DAP_STATUSIO] is cleared when the mass erase completes.

The EzPort can also initiate an erase of flash contents by issuing a bulk erase (BE)
command. See the EzPort chapter for more details.

3.5.1.8 FTFE_FOPT Register

The flash memory's FTFE_FOPT register allows the user to customize the operation of
the MCU at boot time. See FOPT boot options for details of its definition.

3.5.2 Flash Memory Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0
Register
access
Crossbar Memory | Transfers |F|agh memory Transfers Flash
switch proLic,;Ilon controller memory

Figure 3-24. Flash memory controller configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map

Clocking Clock Distribution
Transfers Flash memory Flash memory
Transfers MPU MPU
Transfers Crossbar switch Crossbar Switch

Register access Peripheral bridge Peripheral bridge
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3.5.2.1 Number of masters

The Flash Memory Controller supports up to eight crossbar switch masters. However,
this device has a different number of crossbar switch masters. See Crossbar Switch
Configuration for details on the master port assignments.

3.5.2.2 Program Flash Swap

On devices that contain program flash memory only, the program flash memory blocks
may swap their base addresses.

While not using swap:

* FMC_PFBOCR controls the lower code addresses (block 0)
 FMC_PFBICR controls the upper code addresses (block 1)

If swap is used, the opposite is true:

* FMC_PFBOCR controls the upper code addresses (now in block 0)
« FMC_PFBI1CR controls the lower code addresses (now in block 1)

3.5.3 SRAM Configuration

This section summarizes how the module has been configured in the chip.

Cortex-M4 <
core |« MPU SRAM upper
SRAM
controller| Transfers |- = = = = == - - ------
Crogsbar <= MPU SRAM lower
switch

Figure 3-25. SRAM configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description SRAM SRAM
System memory map System memory map
Clocking Clock Distribution
Transfers SRAM controller SRAM controller

Table continues on the next page...
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Table 3-40. Reference links to related information (continued)

Topic Related module Reference
ARM Cortex-M4 core ARM Cortex-M4 core
Memory protection unit Memory protection unit

3.5.3.1 SRAM sizes

This device contains SRAM tightly coupled to the ARM Cortex-M4 core. The on-chip
SRAM is split into SRAM_L and SRAM_U regions where the SRAM_L and SRAM_U
ranges form a contiguous block in the memory map anchored at address 0x2000_0000.
As such:

* SRAM_L is anchored to Ox1FFF_FFFF and occupies the space before this ending
address.

 SRAM_U is anchored to 0x2000_0000 and occupies the space after this beginning
address.

NOTE

Misaligned accesses across the 0x2000_0000 boundary are not
supported in the ARM Cortex-M4 architecture.

The amount of SRAM for the devices covered in this document is shown in the following
table.

Device SRAM (KB) SRAM_L size (KB) | SRAM_U size (KB) Address Range
MK64FX512VLL12 256 64 192 0x1FFF_0000-0x2001_
FFFF
MK64FX512VDC12 256 64 192 0x1FFF_0000-0x2001_
FFFF
MK64FX512VLQ12 256 64 192 0x1FFF_0000-0x2001_
FFFF
MK64FX512VMD12 256 64 192 0x1FFF_0000-0x2001_
FFFF
MK64FN1MOVLL12 256 64 192 0x1FFF_0000-0x2002_
FFFF
MK64FN1MOVDC12 256 64 192 0x1FFF_0000-0x2002_
FFFF
MK64FN1MOVLQ12 256 64 192 0x1FFF_0000-0x2002_
FFFF
MK64FN1MOVMD12 256 64 192 0x1FFF_0000-0x2002_
FFFF
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3.5.3.2 SRAM retention in low power modes
The SRAM is retained down to VLLS3 mode.
In VLLS?2 the 32 KB region of SRAM_U from 0x2000_0000 is powered.

In VLLSI and VLLSO no SRAM is retained; however, the 32-byte register file is
available.

3.5.3.3 SRAM accesses

The SRAM is split into two logical arrays that are 32-bits wide.
* SRAM_L — Accessible by the code bus of the Cortex-M4 core and by the backdoor
port.
* SRAM_U — Accessible by the system bus of the Cortex-M4 core and by the
backdoor port.

The backdoor port makes the SRAM accessible to the non-core bus masters (such as
DMA).

The following figure illustrates the SRAM accesses within the device.

SRAM_L
Cortex-M4 core Crossbar switch
Frontdoor Backdoor non-core master
Code bus non-core master
MPU SRAM controller MPU °
System bus [ J
[ J
non-core master
SRAM_U

Figure 3-26. SRAM access diagram

The following simultaneous accesses can be made to different logical regions of the
SRAM:

* Core code and core system

 Core code and non-core master

* Core system and non-core master
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NOTE
Two non-core masters cannot access SRAM simultaneously.
The required arbitration and serialization is provided by the
crossbar switch. The SRAM_{L,U} arbitration is controlled by
the SRAM controller based on the configuration bits in the
MCM module.

NOTE
Burst-access cannot occur across the 0x2000_0000 boundary
that separates the two SRAM arrays. The two arrays should be
treated as separate memory ranges for burst accesses.

3.5.4 System Register File Configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge 0

Register
access

Register file

Figure 3-27. System Register file configuration

Table 3-41. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.4.1 System Register file
This device includes a 32-byte register file that is powered in all power modes.

Also, it retains contents during low-voltage detect (LVD) events and is only reset during
a power-on reset.
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3.5.5 VBAT Register File Configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge

Register
access

VBAT register file

Figure 3-28. VBAT Register file configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description VBAT register file VBAT register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.5.1 VBAT register file

This device includes a 32-byte register file that is powered in all power modes and is
powered by VBAT.

It is only reset during VBAT power-on reset.

3.5.6 EzPort Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Crossbar Transfers Module signals Signal

EzPort

switch multiplexing

Figure 3-29. EzPort configuration

Table 3-43. Reference links to related information

Topic Related module Reference
Full description EzPort EzPort
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.5.6.1 JTAG instruction

The system JTAG controller implements an EZPORT instruction. When executing this
instruction, the JTAG controller resets the core logic and asserts the EzPort chip select
signal to force the processor into EzPort mode.

3.5.6.2 Flash Option Register (FOPT)

The FOPT[EZPORT_DIS] bit can be used to prevent entry into EzPort mode during
reset. If the FOPT[EZPORT_DIS] bit is cleared, then the state of the chip select signal
(EZP_CS) 1s ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/NMI signal configured for its NMI
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the NMI signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified the new value takes effect for any subsequent resets, until the value is changed
again.

3.5.7 FlexBus Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge 0
Register
access
Memory )
Crossbar protection Transfers FlexB Module signals | signal
switch unit expus multiplexing
(MPU)

Figure 3-30. FlexBus configuration

Table 3-44. Reference links to related information

Topic Related module Reference
Full description FlexBus FlexBus

System memory map System memory map
Clocking Clock distribution

Power management Power management
Transfers Memory protection unit Memory protection unit (MPU)

(MPU)
Signal multiplexing Port control Signal multiplexing

3.5.7.1 FlexBus clocking

The system provides a dedicated clock source to the FlexBus module's external
CLKOUT. Its clock frequency is derived from a divider of the MCGOUTCLK. See
Clock Distribution for more details.

3.5.7.2 FlexBus signal multiplexing

The multiplexing of the FlexBus address and data signals is controlled by the port control
module. However, the multiplexing of some of the FlexBus control signals are controlled
by the port control and FlexBus modules. The port control module registers control
whether the FlexBus or another module signals are available on the external pin, while
the FlexBus's CSPMCR register configures which FlexBus signals are available from the
modules. The control signals are grouped as illustrated:
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Figure 3-31. FlexBus control signal multiplexing
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Therefore, use the CSPMCR and port control registers to configure which control signal
is available on the external pin. All control signals, except for FB_TA, are assigned to the
ALTS function in the port control module. Since, unlike the other control signals, FB_TA
1s an input signal, it is assigned to the ALT6 function.

3.5.7.3 FlexBus CSCRO reset value

On this device the CSCRO resets to 0xO03F_FCO00. Configure this register as needed
before performing any FlexBus access.

3.5.7.4 FlexBus Security

When security is enabled on the device, FlexBus accesses may be restricted by
configuring SIM_SOPT2[FBSL]. See System Integration Module (SIM) for details.

3.5.7.5 FlexBus line transfers

Line transfers are not possible from the ARM Cortex-M4 core. Ignore any references to
line transfers in the FlexBus chapter.

3.6 Security

3.6.1 CRC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

CRC

Figure 3-32. CRC configuration

Table 3-45. Reference links to related information

Topic

Related module

Reference

Full description

CRC

CRC

System memory map

System memory map

Power management

Power management

3.6.2 MMCAU Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

ARM Cortex

PPB

M4 Core

Transfers

MMCAU

Figure 3-33. MMCAU configuration

Table 3-46. Reference links to related information

Topic

Related module

Reference

Full description

MMCAU

MMCAU

System memory map

System memory map

Clocking

Clock Distribution

Power Management

Power Management

Transfers

Private Peripheral Bus
(PPB)

ARM Cortex M4 Core

ARM Cortex-M4 Technical Reference Manual
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3.6.3 RNG Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Random number
generator (RNG)

Figure 3-34. RNG configuration

Table 3-47. Reference links to related information

Topic Related module Reference
Full description RNG RNG
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.6.3.1 RNGA Base Addresses

RNGA can be accessed through both AIPSO and AIPS1. When accessed through AIPSO,
the base address is 4002_9000h and when accessed through AIPS1, the base address is
400A_0000h.

3.7 Analog

3.7.1 16-bit SAR ADC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus
controller 0

Register
access

Module signals | Signal
multiplexing

Transfers 16-bit SAR ADC

Other peripherals

Figure 3-35. 16-bit SAR ADC configuration

Table 3-48. Reference links to related information

Topic Related module Reference
Full description 16-bit SAR ADC 16-bit SAR ADC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.1.1 ADC instantiation information

This device contains two ADCs.

3.7.1.1.1 Number of ADC channels

The number of ADC channels present on the device is determined by the pinout of the
specific device package. For details regarding the number of ADC channel available on a
particular package, refer to the signal multiplexing chapter of this MCU.

3.7.1.2 DMA Support on ADC

Applications may require continuous sampling of the ADC (4K samples/sec) that may
have considerable load on the CPU. Though using PDB to trigger ADC may reduce some
CPU load, the ADC supports DMA request functionality for higher performance when
the ADC is sampled at a very high rate or cases where PDB is bypassed. The ADC can
trigger the DMA (via DMA req) on conversion completion.

3.7.1.3 Connections/channel assignment
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3.7.1.3.1 ADCO Connections/Channel Assignment

NOTE

As indicated by the following sections, each ADCx_DPx input
and certain ADCx_DMXx inputs may operate as single-ended
ADC channels in single-ended mode.

3.7.1.3.1.1 ADCO Channel Assignment for 144-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]=0)
00000 DADO ADCO_DPO and ADCO_DMO0' | ADCO_DP02
00001 DAD1 ADCO_DP1 and ADCO_DM13 | ADCO_DP1
00010 DAD2 ADCO0_DP2 and ADC0O_DM2 | ADCO_DP2
00011 DAD3 ADCO_DP3 and ADCO_DM34 | ADCO_DP35
001006 AD4a Reserved Reserved
001016 AD5a Reserved Reserved
001108 AD6a Reserved Reserved
001116 AD7a Reserved Reserved
001006 AD4b Reserved ADCO_SE4b
001016 AD5b Reserved ADCO_SE5b
001108 AD6b Reserved ADCO_SE6b
001116 AD7b Reserved ADCO_SE7b
01000 AD8 Reserved ADCO_SES87
01001 AD9 Reserved ADCO_SE98
01010 AD10 Reserved ADCO_SE10
01011 AD11 Reserved ADCO_SE11
01100 AD12 Reserved ADCO_SE12
01101 AD13 Reserved ADCO_SE13
01110 AD14 Reserved ADCO_SE14
01111 AD15 Reserved ADCO_SE15
10000 AD16 Reserved ADCO_SE16
10001 AD17 Reserved ADCO_SE17
10010 AD18 Reserved ADCO_SE18
10011 AD19 Reserved ADCO_DM0Q?
10100 AD20 Reserved ADCO_DM1
10101 AD21 Reserved ADCO_SE21
10110 AD22 Reserved ADCO_SE22
10111 AD23 Reserved 12-bit DACO Output/
ADCO_SEZ23
11000 AD24 Reserved Reserved

Table continues on the next page...
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)'° Bandgap (S.E)'0
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADC1_DP3 and ADC1_DM3
2. |Interleaved with ADC1_DP3
3. Interleaved with ADCO_DP2 and ADC1_SE6a
4. Interleaved with ADC1_DP0 and ADC1_DMO0
5. Interleaved with ADC1_DPO
6. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.
7. Interleaved with ADC1_SES8
8. Interleaved with ADC1_SE9
9. Interleaved with ADC1_DM3
10. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

3.7.1.3.1.2 ADCO Channel Assignment for 121-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)

00000 DADO ADCO_DPO0 and ADCO_DMO' | ADCO_DP0?

00001 DAD1 ADCO0_DP1 and ADCO_DM1 | ADCO_DP1

00010 DAD2 ADCO_DP2 and ADC0_DM2 | ADCO_DP2

00011 DAD3 ADCO_DP3 and ADCO_DM323 | ADCO_DP3*

00100° AD4a Reserved Reserved

001012 AD5a Reserved Reserved

00110° AD6a Reserved Reserved

001115 AD7a Reserved Reserved

00100° AD4b Reserved ADCO_SE4b

00101° AD5b Reserved ADCO_SE5b

00110° AD6b Reserved ADCO_SE6b

001115 > AD7b Reserved ADCO_SE7b

01000 AD8 Reserved ADCO_SES8®

01001 AD9 Reserved ADCO_SEY9”

01010 AD10 Reserved Reserved

01011 AD11 Reserved Reserved

01100 AD12 Reserved ADCO_SE12

01101 AD13 Reserved ADCO_SE13

K64 Sub-Family Reference Manual, Rev. 3, July 2017

Table continues on the next page...

NXP Semiconductors

119



Analog
ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)
01110 AD14 Reserved ADCO_SE14
01111 AD15 Reserved ADCO_SE15
10000 AD16 Reserved ADCO_SE16
10001 AD17 Reserved ADCO_SE17
10010 AD18 Reserved ADCO_SE18
10011 AD19 Reserved ADCO_DM08
10100 AD20 Reserved ADCO_DM1
10101 AD21 Reserved ADCO_SE21
10110 AD22 Reserved ADCO_SE22
10111 AD23 Reserved 12-bit DACO Output/
ADCO_SE23
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)®
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADC1_DP3 and ADC1_DM3
2. Interleaved with ADC1_DP3
3. Interleaved with ADC1_DPO0O and ADC1_DMO0
4. Interleaved with ADC1_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter

for details.

©oN®

Interleaved with ADC1_SES8
Interleaved with ADC1_SE9
Interleaved with ADC1_DM3
This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

3.7.1.3.1.3 ADCO Channel Assignment for 100-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)

00000 DADO ADCO_DPO and ADCO_DMO0' | ADCO_DP0?2

00001 DAD1 ADCO_DP1 and ADC0O_DM1 | ADCO_DP1

00010 DAD2 ADCO0_DP2 and ADC0_DM2 | ADCO_DP2

00011 DAD3 ADCO_DP3 and ADCO_DM33 | ADCO_DP3*

00100° AD4a Reserved Reserved

001015 AD5a Reserved Reserved

00110° AD6a Reserved Reserved
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
001115 AD7a Reserved Reserved
00100° AD4b Reserved ADCO_SE4b
001015 AD5b Reserved ADCO_SE5b
00110° AD6b Reserved ADCO_SE6b
001115 AD7b Reserved ADCO_SE7b
01000 ADS8 Reserved ADCO_SES8¢
01001 AD9 Reserved ADCO_SE9”
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved ADCO_SE12
01101 AD13 Reserved ADCO_SE13
01110 AD14 Reserved ADCO_SE14
01111 AD15 Reserved ADCO_SE15
10000 AD16 Reserved Reserved
10001 AD17 Reserved ADCO_SE17
10010 AD18 Reserved ADCO_SE18
10011 AD19 Reserved ADCO_DM08
10100 AD20 Reserved ADCO_DM1
10101 AD21 Reserved Reserved
10110 AD22 Reserved Reserved
10111 AD23 Reserved 12-bit DACO Output/
ADCO_SE23
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADC1_DP3 and ADC1_DM3
2. |Interleaved with ADC1_DP3
3. Interleaved with ADC1_DPO0O and ADC1_DMO
4. Interleaved with ADC1_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.
6. Interleaved with ADC1_SES8
7. Interleaved with ADC1_SE9
8. Interleaved with ADC1_DM3
9. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 121




A ————
Analog

3.7.1.3.2 ADC1 Connections/Channel Assignment

NOTE
As indicated in the following tables, each ADCx_DPx input
and certain ADCx_DMX inputs may operate as single-ended
ADC channels in single-ended mode.

3.7.1.3.2.1 ADC1 Channel Assignment for 144-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)

00000 DADO ADC1_DP0 and ADC1_DMO0' | ADC1_DP0?

00001 DAD1 ADC1_DP1 and ADC1_DM1 | ADC1_DP1

00010 DAD2 Reserved Reserved

00011 DAD3 ADC1_DP3 and ADC1_DM3% | ADC1_DP3*>

00100° AD4a Reserved ADC1_SE4a

001015 AD5a Reserved ADC1_SE5a

00110° AD6a Reserved ADC1_SE6a

001112 AD7a Reserved ADC1_SE7a

00100% AD4b Reserved ADC1_SE4b

00101° AD5b Reserved ADC1_SE5b

001105 AD6b Reserved ADC1_SE6b

001115 AD7b Reserved ADC1_SE7b

01000 AD8 Reserved ADC1_SES88

01001 AD9 Reserved ADC1_SE9

01010 AD10 Reserved ADC1_SE10

01011 AD11 Reserved ADC1_SE11

01100 AD12 Reserved ADC1_SE12

01101 AD13 Reserved ADC1_SE13

01110 AD14 Reserved ADC1_SE14

01111 AD15 Reserved ADC1_SE15

10000 AD16 Reserved ADC1_SE16

10001 AD17 Reserved ADC1_SE17

10010 AD18 Reserved VREF Output/ADC1_SE18

10011 AD19 Reserved ADC1_DM08

10100 AD20 Reserved ADC1_DM1

10101 AD21 Reserved Reserved

10110 AD22 Reserved Reserved

10111 AD23 Reserved 12-bit DAC1 Qutput/
ADC1_SE23

11000 AD24 Reserved Reserved

11001 AD25 Reserved Reserved

Table continues on the next page...
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°®
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADCO_DP3 and ADCO_DMS3
2. |Interleaved with ADCO_DP3
3. Interleaved with ADCO_DPO and ADC0_DMO0
4. Interleaved with ADCO_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.
6. Interleaved with ADCO_SES8
7. Interleaved with ADCO_SE9
8. Interleaved with ADCO_DMS3
9. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

3.7.1.3.2.2 ADC1 Channel Assignment for 121-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]=0)

00000 DADO ADC1_DP0 and ADC1_DMO0' | ADC1_DP0?
00001 DAD1 ADC1_DP1 and ADC1_DM1 | ADC1_DPH1
00010 DAD2 Reserved Reserved
00011 DAD3 ADC1_DP3 and ADC1_DM33| ADC1_DP3*
00100% AD4a Reserved ADC1_SE4a
00101% AD5a Reserved ADC1_SE5a
00110° AD6a Reserved ADC1_SE6a
001115 AD7a Reserved ADC1_SE7a
00100° AD4b Reserved ADC1_SE4b
001015 AD5b Reserved ADC1_SE5b
001105 AD6b Reserved ADC1_SE6b
001115 AD7b Reserved ADC1_SE7b
01000 ADS8 Reserved ADC1_SEB8°
01001 AD9 Reserved ADC1_SE97
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved ADC1_SE12
01101 AD13 Reserved ADC1_SE13
01110 AD14 Reserved ADC1_SE14
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
01111 AD15 Reserved ADC1_SE15
10000 AD16 Reserved ADC1_SE16
10001 AD17 Reserved ADC1_SE17
10010 AD18 Reserved VREF Output/ADC1_SE18
10011 AD19 Reserved ADC1_DM08
10100 AD20 Reserved ADC1_DM1
10101 AD21 Reserved Reserved
10110 AD22 Reserved Reserved
10111 AD23 Reserved 12-bit DAC1 Output/
ADC1_SE23
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADCO_DP3 and ADCO_DMS3
2. Interleaved with ADCO_DP3
3. Interleaved with ADCO_DPO and ADCO_DMO0
4. Interleaved with ADCO_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter

for details.

© o N

Interleaved with ADCO_SES8
Interleaved with ADCO_SE9
Interleaved with ADCO_DM3
This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data

sheet for the bandgap voltage (Vgg) specification.

3.7.1.3.2.3 ADC1 Channel Assignment for 100-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)

00000 DADO ADC1_DP0 and ADC1_DMO0' | ADC1_DP0?

00001 DAD1 ADC1_DP1 and ADC1_DM1 | ADC1_DPH1

00010 DAD2 Reserved Reserved

00011 DAD3 ADC1_DP3 and ADC1_DM33 | ADC1_DP34

00100° AD4a Reserved ADC1_SE4a

00101° AD5a Reserved ADC1_SE5a

001105 AD6a Reserved ADC1_SE6a

001115 AD7a Reserved ADC1_SE7a
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
00100% AD4b Reserved ADC1_SE4b
00101° AD5b Reserved ADC1_SE5b
00110% AD6b Reserved ADC1_SE6b
001115 AD7b Reserved ADC1_SE7b
01000 ADS8 Reserved ADC1_SES8®
01001 AD9 Reserved ADC1_SE9”
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved Reserved
01101 AD13 Reserved Reserved
01110 AD14 Reserved ADC1_SE14
01111 AD15 Reserved ADC1_SE15
10000 AD16 Reserved Reserved
10001 AD17 Reserved ADC1_SE17
10010 AD18 Reserved VREF Output/ADC1_SE18
10011 AD19 Reserved ADC1_DM08
10100 AD20 Reserved ADC1_DM1
10101 AD21 Reserved Reserved
10110 AD22 Reserved Reserved
10111 AD23 Reserved Reserved
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°®
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADCO_DP3 and ADC0O_DM3
2. |Interleaved with ADCO_DP3
3. Interleaved with ADCO_DPO and ADC0_DMO
4. Interleaved with ADCO_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.
6. Interleaved with ADCO_SES8
7. Interleaved with ADCO_SE9
8. Interleaved with ADCO_DM3
9. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.
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3.7.1.4 ADC Channels MUX Selection

The following figure shows the assignment of ADCx_SEn channels a and b through a
MUX selection to ADC. To select between alternate set of channels, refer to
ADCx_CFG2[MUXSEL] bit settings for more details.

ADCx_SE4am——— AD4 [00100]
ADCx_SEsal——
ADCx_SE6af— ADS [00t0t)
ADCx_SE7a0——— ADC
ADCx_SE4bD AD6 0011}
ADCx_SE5b——o| AD7 [00111]
ADCx_SE6bo——|
ADCx_SE7b o—

v

A 4

v

A 4

Figure 3-36. ADCx_SEn channels a and b selection

3.7.1.5 ADC Hardware Interleaved Channels

The AD8 and AD9 channels on ADCx are interleaved in hardware using the following
configuration.

ADCO_SES8 ® »| AD8
/ADC1_SES8 |
|
| ADCO
|
|
ADCO_SE9 : ® »| AD9
/ADC1_SE9 | |
| |
| |
| |
U »| ADS
|
|
| ADC1
|
|
——————————— »| AD9

Figure 3-37. ADC hardware interleaved channels integration
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3.7.1.6 ADC Reference Options

The ADC supports the following references:
 VREFH/VREFL - connected as the primary reference option
* 1.2 V VREF_OUT - connected as the V | 1 reference option

ADCx_SC2[REFSEL] bit selects the voltage reference sources for ADC. Refer to
REFSEL description in ADC chapter for more details.

3.7.1.7 ADC triggers

The ADC supports both software and hardware triggers. The primary hardware
mechanism for triggering the ADC is the PDB. The PDB itself can be triggered by other
peripherals. For example: RTC (Alarm, Seconds) signal is connected to the PDB. The
PDB input trigger can receive the RTC (alarm/seconds) trigger forcing ADC conversions
in run mode (where PDB is enabled). On the other hand, the ADC can conduct
conversions in low power modes, not triggered by PDB. This allows the ADC to do
conversions in low power mode and store the output in the result register. The ADC
generates interrupt when the data is ready in the result register that wakes the system
from low power mode. The PDB can also be bypassed by using the ADCxTRGSEL bits
in the SIM_SOPT?7 register.

For operation of triggers in different modes, refer to Power Management chapter.

3.7.1.8 Alternate clock
For this device, the alternate clock is connected to OSCERCLK.

NOTE
This clock option is only usable when OSCERCLK is in the
MHz range. A system with OSCERCLK in the kHz range has
the optional clock source below minimum ADC clock operating
frequency.

3.7.1.9 ADC low-power modes

This table shows the ADC low-power modes and the corresponding chip low-power
modes.
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Table 3-49. ADC low-power modes

Module mode

Chip mode
Wait Wait, VLPW
Normal Stop Stop, VLPS
Low Power Stop

LLS, VLLSS, VLLS2, VLLS1, VLLSO

3.7.2 CMP Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Other peripherals

Peripheral
bridge 0
Register
access
Module signals ;
CMP Sonal
multiplexing

Figure 3-38. CMP configuration

Table 3-50. Reference links to related information

Topic Related module Reference
Full description Comparator (CMP) Comparator
System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Signal multiplexing

Port control

Signal multiplexing

3.7.2.1 CMP input connections

The following table shows the fixed internal connections to the CMP.

Table 3-51. CMP input connections

CMP Inputs CMPO CMP1 CMP2
INO CMPO_INO CMP1_INO CMP2_INO
IN1 CMPO_IN1 CMP1_IN1 CMP2_IN1

Table continues on the next page...
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Table 3-51. CMP input connections (continued)

CMP Inputs CMPO CMP1 CMP2
IN2 CMPO_IN2 ADCO_SE16/CMP1_IN2! ADC1_SE16/CMP2_IN2!
IN3 CMPO_IN3 12-bit DACO_OUT/CMP1_IN3 12-bit DAC1_OUT/
CMP2_IN3!
IN4 12-bit DAC1_OUT/CMPO_IN4 — —
IN5 VREF Output/CMPO_IN5 VREF Output/CMP1_IN5 —
IN6 Bandgap Bandgap Bandgap
IN7 6b DACO Reference 6b DAC1 Reference —

1. Reserved on the 100 LQFP package.

3.7.2.2 CMP external references
The 6-bit DAC sub-block supports selection of two references. For this device, the
references are connected as follows:
* VREF_OUT - V;,; input
* VDD -V, input

3.7.2.3 External window/sample input

Individual PDB pulse-out signals control each CMP Sample/Window timing.

3.7.3 12-bit DAC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus
controller 0

Register
access

Transfers : Module signals | gigna
Other peripherals 12-bit DAC multiplexing

Figure 3-39. 12-bit DAC configuration

Table 3-52. Reference links to related information

Topic Related module Reference
Full description 12-bit DAC 12-bit DAC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.3.1 12-bit DAC Overview

This device contains two 12-bit digital-to-analog converters (DAC) with programmable
reference generator output. The DAC includes a FIFO for DMA support.

3.7.3.2 12-bit DAC instantiation

In this chip, the 100-pin package has 1 DAC module. The 121-pin and 144-pin packages
have 2 DAC modules.

3.7.3.3 12-bit DAC Output

The output of the DAC can be placed on an external pin or set as one of the inputs to the
analog comparator or ADC.
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3.7.3.4 12-bit DAC Reference

For this device VREF_OUT and VDDA are selectable as the DAC reference.
VREF_OUT is connected to the DACREF_1 input and VDDA is connected to the
DACREF_2 input. Use DACx_CO[DACRFS] control bit to select between these two
options.

Be aware that if the DAC and ADC use the VREF_OUT reference simultaneously, some
degradation of ADC accuracy is to be expected due to DAC switching.

3.7.3.5 DACO Base Addresses

DACO can be accessed through both AIPSO and AIPS1. When accessed through AIPSO,
the base address is 4003_F000h and when accessed through AIPS1, the base address is
400C_CO000h.

3.7.4 VREF Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0
Register
access
Other Transfers VREF Module signals Signal
peripherals multiplexing

Figure 3-40. VREF configuration

Table 3-53. Reference links to related information

Topic Related module Reference
Full description VREF VREF
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing
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3.7.4.1 VREF Overview

This device includes a voltage reference (VREF) to supply an accurate 1.2 V voltage
output.

The voltage reference can provide a reference voltage to external peripherals or a
reference to analog peripherals, such as the ADC, DAC, or CMP.

NOTE
PMC_REGSC[BGEN] bit must be set if the VREF regulator is
required to remain operating in VLPx modes.

NOTE
For either an internal or external reference if the VREF_OUT
functionality is being used, VREF_OUT signal must be
connected to an output load capacitor. Refer the device data
sheet for more details.

3.8 Timers

3.8.1 PDB Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus

controller 0
Register
access
] Transfers PDB Module signals Signal
Other peripherals multiplexing

Figure 3-41. PDB configuration

Table 3-54. Reference links to related information

Topic Related module Reference
Full description PDB PDB
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.8.1.1 PDB Instantiation

3.8.1.1.1 PDB Output Triggers
Table 3-55. PDB output triggers

Number of PDB channels for ADC trigger
Number of pre-triggers per PDB channel

Number of DAC triggers

Wl

Number of Pulse Out

3.8.1.1.2 PDB Input Trigger Connections
Table 3-56. PDB Input Trigger Options

PDB Trigger PDB Input
0000 External Trigger
0001 CMP 0
0010 CMP 1
0011 CMP 2
0100 PIT Ch 0 Output
0101 PIT Ch 1 Output

Table continues on the next page...
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Table 3-56. PDB Input Trigger Options (continued)

PDB Trigger PDB Input

0110 PIT Ch 2 Output

0111 PIT Ch 3 Output

1000 FTMO initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)

1001 FTM1 initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)

1010 FTM2 initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)

1011 FTMS initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)

1100 RTC Alarm

1101 RTC Seconds

1110 LPTMR Output

1111 Software Trigger

3.8.1.2 PDB Module Interconnections

PDB trigger outputs Connection
Channel 0 triggers ADCO trigger
Channel 1 triggers ADCH1 trigger and synchronous input 1 of FTMO
DAC triggers DACO and DAC1 trigger
Pulse-out Pulse-out connected to each CMP module's sample/window
input to control sample operation

3.8.1.3 Back-to-back acknowledgement connections

In this MCU, PDB back-to-back operation acknowledgment connections are
implemented as follows:

PDB channel 0 pre-trigger 0 acknowledgement input: ADC1SC1B_COCO
PDB channel 0 pre-trigger 1 acknowledgement input: ADCOSC1A_COCO
PDB channel 1 pre-trigger 0 acknowledgement input: ADCOSC1B_COCO
PDB channel 1 pre-trigger 1 acknowledgement input: ADC1SC1A_COCO

So, the back-to-back chain is connected as a ring:
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Channel 0

pre-trigger 0
Channel 0
pre-trigger 1

Figure 3-42. PDB back-to-back chain

—

Channel 1
pre-trigger 1

Channel 1
pre-trigger O

The application code can set the PDBx_CHnC1[BB] bits to configure the PDB pre-
triggers as a single chain or several chains.

3.8.1.4 PDB Interval Trigger Connections to DAC

In this MCU, PDB interval trigger connections to DAC are implemented as follows.
* PDB interval trigger O connects to DACO hardware trigger input.
* PDB interval trigger 1 connects to DAC1 hardware trigger input.

3.8.1.5 DAC External Trigger Input Connections
In this MCU, the following DAC external trigger inputs are implemented.
* DAC external trigger input 1: ADCISC1A_COCO

NOTE
Application code can set the PDBx_DACINTCn[EXT] bit to
allow DAC external trigger input when the corresponding ADC
Conversion complete flag, ADCx_SCIn[COCO], is set.

3.8.1.6 Pulse-Out Connection

Individual PDB Pulse-Out signals are connected to each CMP block and used for sample
window.
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3.8.1.7 Pulse-Out Enable Register Implementation

The following table shows the comparison of pulse-out enable register at the module and
chip level.
Table 3-57. PDB pulse-out enable register

Register Module implementation Chip implementation
PONnEN 7:0 - POEN 0 - POENIO] for CMPO
31:8 - Reserved 1 - POEN][1] for CMP1

2 - POENI[2] for CMP2
31:3 - Reserved

3.8.2 FlexTimer Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus

controller 0
Register
access
Transfers . Module signals | .
Other peripherals FlexTimer Slgn.al .
multiplexing

Figure 3-43. FlexTimer configuration

Table 3-58. Reference links to related information

Topic Related module Reference

Full description FlexTimer FlexTimer
System memory map

Clock distribution

System memory map

Clocking

Power management Power management

Signal multiplexing Port control Signal multiplexing

3.8.2.1 Instantiation Information

This device contains four FlexTimer modules.
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The following table shows how these modules are configured.

Table 3-59. FTM Instantiations

FTM instance Number of channels Features/usage
FTMO 8 3-phase motor + 2 general purpose or
stepper motor
FTMA 21 Quadrature decoder or general purpose
FTM2 21 Quadrature decoder or general purpose
FTM3 8 3-phase motor + 2 general purpose or

stepper motor

1. Only channels 0 and 1 are available.

Compared with the FTMO and FTM3 configuration, the FTM1 and FTM2 configuration
adds the Quadrature decoder feature and reduces the number of channels.

3.8.2.2 External Clock Options

By default each FTM is clocked by the internal bus clock (the FTM refers to it as system
clock). Each module contains a register setting that allows the module to be clocked from
an external clock instead. There are two external FTM_CLKINX pins that can be selected
by any FTM module via the SIM_SOPT4 register.

3.8.2.3 Fixed frequency clock
The fixed frequency clock for each FTM is MCGFFCLK.

3.8.2.4 FTM Interrupts

The FlexTimer has multiple sources of interrupt. However, these sources are OR'd
together to generate a single interrupt request per FTM module to the interrupt controller.
When an FTM interrupt occurs, read the FTM status registers (FMS, SC, and STATUS)
to determine the exact interrupt source.

3.8.2.5 FTM Fault Detection Inputs

The following fault detection input options for the FTM modules are selected via the
SIM_SOPT4 register. The external pin option is selected by default.

« FTMO FAULTO = FTMO_FLTO pin or CMPO output
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« FTMO FAULT1 = FTMO_FLTI1 pin or CMP1 output

* FTMO FAULT2 = FTMO_FLT2 pin or CMP2 output

 FTMO FAULT3 = FTMO_FLT3 pin

e FTM1 FAULTO = FTM1_FLTO pin or CMPO output
« FTM1 FAULT1 = CMPI output
« FTM1 FAULT2 = CMP2 output

* FTM2 FAULTO = FTM2_FLTO pin or CMPO output
« FTM2 FAULTI1 = CMPI output
» FTM2 FAULT2 = CMP2 output

e FTM3 FAULTO = FTM3_FLTO pin or CMPO output
» FTM3 FAULT1 = CMP2 output

3.8.2.6 FTM Hardware Triggers

The FTM synchronization hardware triggers are connected in the chip as follows:

e FTMO hardware trigger 0 = CMPO Output or FTM1 Match (when enabled in the
FTMI1 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 1 = PDB channel 1 Trigger Output or FTM2 Match (when
enabled in the FTM2 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 2 = FTMO_FLTO pin

e FTM1 hardware trigger 0 = CMPO Output
 FTMI1 hardware trigger 1 = CMP1 Output
* FTM1 hardware trigger 2 = FTM1_FLTO pin

For the triggers with more than one option, SIM_SOPT4 controls the selection.

3.8.2.7 Input capture options for FTM module instances

The following channel O input capture source options are selected via SIM_SOPT4. The
external pin option is selected by default.

e FTMI1 channel O input capture = FTM1_CHO pin or CMPO output or CMP1 output
or USB start of frame pulse
* FTM2 channel O input capture = FTM2_CHO pin or CMPO output or CMP1 output

NOTE
When the USB start of frame pulse option is selected as an
FTM channel input capture, disable the USB SOF token
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interrupt in the USB Interrupt Enable register
(INTEN[SOFTOKEN]) to avoid USB enumeration conflicts.

3.8.2.8 FTM output triggers for other modules

FTM output triggers can be selected as input triggers for the PDB and ADC modules. See
PDB Instantiation and ADC triggers.

3.8.2.9 FTM Global Time Base

This chip provides the optional FTM global time base feature (see Global time base
(GTB)).

FTMO provides the only source for the FTM global time base. The other FTM modules
can share the time base as shown in the following figure:

FTMA1

CONF Register

GTBEOUT =0
FTMO GTBEEN = 1

CONF Register

gtb_in gtb_in
GTBEOUT =1 FTM Counter |
GTBEEN = 1

FTM2

gtb_out

CONF Register

GTBEOUT =0
GTBEEN =1

gtb_in

FTM3

CONF Register

GTBEOUT =0
GTBEEN = 1

gtb_in

@8] @

Figure 3-44. FTM Global Time Base Configuration

3.8.2.10 FTM BDM and debug halt mode

In the FTM chapter, references to the chip being in "BDM" are the same as the chip being
in “debug halt mode".
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3.8.2.11 FTM2 Base Addresses

FTM2 can be accessed through both AIPSO and AIPS1. When accessed through AIPSO,
the base address is 4003_A000h and when accessed through AIPS1, the base address is
400B_8000h.

3.8.2.12 FTM registers

FTM1 and FTM2 do not have the C2SC, C2V, C3SC, C3V, C4SC, C4V, C5SC, C5V,
C6SC, C6V, C7SC, and C7V registers. FTMO has these registers.

3.8.3 PIT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Periodic interrupt
timer

Figure 3-45. PIT configuration

Table 3-60. Reference links to related information

Topic Related module Reference
Full description PIT PIT
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.8.3.1 PIT/DMA Periodic Trigger Assignments
The PIT generates periodic trigger events to the DMA Mux as shown in the table below.
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Table 3-61. PIT channel assignments for periodic DMA triggering

DMA Channel Number PIT Channel
DMA Channel 0 PIT Channel 0
DMA Channel 1 PIT Channel 1
DMA Channel 2 PIT Channel 2
DMA Channel 3 PIT Channel 3

3.8.3.2 PIT/ADC Triggers

PIT triggers are selected as ADCx trigger sources using the
SIM_SOPT7[ADCxTRGSEL] fields. For more details, refer to SIM chapter.

3.8.4 Low-power timer configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Low-power timer

Module signals

Signal
multiplexing

Figure 3-46. LPTMR configuration

Table 3-62. Reference links to related information

Topic

Related module

Reference

Full description

Low-power timer

Low-power timer

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Signal Multiplexing

Port control

Signal Multiplexing
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3.8.4.1 LPTMR prescaler/glitch filter clocking options

The prescaler and glitch filter of the LPTMR module can be clocked from one of four
sources determined by the LPTMRO_PSR[PCS] bitfield. The following table shows the
chip-specific clock assignments for this bitfield.

NOTE
The chosen clock must remain enabled if the LPTMR is to
continue operating in all required low-power modes.

LPTMRO_PSR[PCS] Prescaler/glitch filter clock Chip clock
number
00 0 MCGIRCLK — internal reference clock
(not available in VLPS/LLS/VLLS
modes)

01 1 LPO — 1 kHz clock (not available in
VLLSO mode)

10 2 ERCLK32K — secondary external
reference clock

11 3 OSCERCLK — external reference clock
(not available in VLLS0 mode)

See Clock Distribution for more details on these clocks.

3.8.4.2 LPTMR pulse counter input options

The LPTMR_CSR[TPS] bitfield configures the input source used in pulse counter mode.
The following table shows the chip-specific input assignments for this bitfield.

LPTMR_CSR[TPS] Pulse counter input number Chip input
00 0 CMPO output
01 1 LPTMR_ALT1 pin
10 2 LPTMR_ALT2 pin
11 3 Reserved

3.8.5 CMT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus
controller 0

Register
access

CMT Module signals Signal
multiplexing

Figure 3-47. CMT configuration

Table 3-63. Reference links to related information

Topic Related module Reference
Full description Carrier modulator CMT
transmitter (CMT)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.8.5.1 Instantiation Information

This device contains one CMT module.

3.8.5.2 IRO Drive Strength

The IRO pad requires higher current drive than can be obtained from a single pad. For
this device, the pin associated with the CMT_IRO signal is doubled bonded to two pads.

SIM_SOPT2[PTD7PAD] can be used to configure the pin associated with the CMT_IRO
signal as a higher current output port pin.

3.8.6 RTC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 143




Communication interfaces

Peripheral
bridge
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access

Module signals .
Signal

multiplexing

Real-time clock

Figure 3-48. RTC configuration

Table 3-64. Reference links to related information

Topic Related module Reference
Full description RTC RTC
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.8.6.1 RTC_CLKOUT signal

When the RTC is enabled and the port control module selects the RTC_CLKOUT
function, the RTC_CLKOUT signal outputs a 1 Hz or 32 kHz output derived from RTC
oscillator as shown below.

RTC_CR[CLKO]
RTC 32kHz clock oJ/o

—> RTC_CLKOUT

RTC 1Hz clock ———

/1

SIM_SOPT2[RTCCLKOUTSEL]
Figure 3-49. RTC_CLKOUT generation

3.9 Communication interfaces

K64 Sub-Family Reference Manual, Rev. 3, July 2017
144 NXP Semiconductors




.4
Chapter 3 Chip Configuration

3.9.1 Ethernet Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 1
Register
access
Crossbar Transfers Ethernet Module signals Signal
switch multiplexing

Figure 3-50. Ethernet configuration

Table 3-65. Reference links to related information

Topic Related module Reference
Full description Ethernet Ethernet
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.9.1.1 Ethernet Clocking Options
The Ethernet module uses the following clocks:

* The device's system clock is connected to the module clock, as named in the Ethernet
chapter. The minimum system clock frequency for 100 Mbps operation is

* An externally-supplied 25 MHz MII clock or 50 MHz RMII clock. This clock is used
as the timing reference for the external MII or RMII interface.

* A time-stamping clock for the IEEE 1588 timers.

For more details on the Ethernet module clocking options, see Ethernet Clocking.
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3.9.1.2 RMII Clocking

On this device, RMII_REF_CLK is internally tied to EXTAL. See Clock Distribution for
clocking requirements.

RMII can also be clocked from IEEE 1588 CLKIN.

3.9.1.3 IEEE 1588 Timers

The ethernet module includes a four channel timer module for IEEE 1588 timestamping.
The timer supports input capture (rising, falling, or both edges), output compare (toggle
or pulse with programmable polarity). The timer matches on greater than or equal (the
1588 can skip numbers, so the counter might not ever exactly match the compare value).

The counter is able to operate asynchronously to the ethernet bus by using one of four
clock sources. See Ethernet Clocking for more details.

3.9.1.4 Ethernet Operation in Low Power Modes

The Ethernet module is not fully operational in any low power modes. However, the
module does support magic packet detection that can generate a wakeup in stop mode if

enabled.
During low power operation:

e The MAC transmit logic is disabled

e The core FIFO receive/transmit functions are disabled

» The MAC receive logic is kept in normal mode, but it ignores all traffic from the line
except magic packets.

The recieve logic needed for magic packet detection is clocked using the externally-
supplied MII or RMII clock. This allows for the wakeup functionality in stop mode. No
Ethernet operation, including magic packet wakeup, is supported in VLPx modes.

3.9.1.4.1 IEEE 1588 Timer Operation in Low Power Modes

The 1588 counter and 1588 timer channels can continue operating in low power modes
provided their clock is enabled in that mode.

The 1588 timer channels can also generate an interrupt to exit the low power mode if the
clock is enabled in that mode.
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3.9.1.5 Ethernet Doze Mode

The doze mode for the Ethernet module is the same as the wait and VLPW modes for the
chip.

3.9.1.6 Ethernet Interrupts

The Ethernet has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate an interrupt request. See below for a summary:

Interrupt request Interrupt source

IEEE 1588 timer interrupt ¢ Time stamp available
* 1588 timer interrupt

Transmit interrupt e Transmit frame interrupt
¢ Transmit buffer interrupt

Receive interrupt ¢ Receive frame interrupt
¢ Receive buffer interrupt

Error and miscellaneous interrupt Wake-up

Payload receive error

Babbling receive error

Babbling transmit error

Graceful stop complete

MIl interrupt — Data transfer done
Ethernet bus error

Late collision

Collision retry limit

3.9.1.7 Ethernet event signal

The event signal output is not supported on this device. Therefore, ATCR[PINPER] has
no effect.

3.9.2 Universal Serial Bus (USB) FS Subsystem

The USB FS subsystem includes these components:

* Dual-role USB OTG-capable (On-The-Go) controller that supports a full-speed (FS)
device or FS/LS host. The module complies with the USB 2.0 specification.

» USB transceiver that includes internal 15 kQ pulldowns on the D+ and D- lines for
host mode functionality.

* A 3.3 V regulator.

» USB device charger detection module.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 147




A
Communication interfaces
* VBUS detect signal: To detect a valid VBUS in device mode, use a GPIO signal that
can wake the chip in all power modes. .
» IRC48 with clock recovery block to eliminate the 48MHz crystal. This is available
for USB device mode only.

USB controller IRC 48

USB voltage FS/LS Device charger
regulator transceiver detect

e e e

VREGIN VOUT33 D+ D-

Figure 3-51. USB FS/LS Subsystem Overview

NOTE

Use the following code sequence to select USB clock source,
USB clock divide ratio, and enable its clock gate to avoid
potential clock glitches which may result in USB enumeration
stage failure.

1. Select the USB clock source by configuring SIM_SOPT?2.

2. Select the desired clock divide ratio by configuring

SIM_CLKDIV2.
3. Enable USB clock gate by setting SIM_SCGC4.

3.9.2.1 USB Wakeup

When the USB detects that there is no activity on the USB bus for more than 3 ms, the
INT_STAT[SLEEP] bit is set. This bit can cause an interrupt and software decides the
appropriate action.

Waking from a low power mode (except in LLS/VLLS mode where USB is not powered)
occurs through an asynchronous interrupt triggered by activity on the USB bus. Setting
the USBTRCO[USBRESMEN] bit enables this function.

3.9.2.2 USB Power Distribution

This chip includes an internal 5 V to 3.3 V USB regulator that powers the USB
transceiver or the MCU (depending on the application).
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NOTE
In the following examples, VREGIN is used instead of
VREG_INO. Similarly, VOUT33 is used instead of
VREGOUT. Please refer to the Signal multiplexing and signal
description section for details on signals for this device.

3.9.2.2.1 AAJ/AAA cells power supply

The chip can be powered by two AA/AAA cells. In this case, the MCU is powered
through VDD which is within the 1.8 to 3.0 V range. After USB cable insertion is
detected, the USB regulator is enabled to power the USB transceiver.

2 AA Cells VDD
_______ To PMC and Pads
VOUT33
4
Cstab L
l Chip
TYPE A
VBUS VREGIN 5 USB
= L2 Regulator
— D+ UsSB0_DP
_ | USB | | USB
D- —_ USB0_DM XCVR | |Controller
—
—

Figure 3-52. USB regulator AA cell usecase

3.9.2.2.2 Li-lon battery power supply

The chip can also be powered by a single Li-ion battery. In this case, VOUT33 is
connected to VDD. The USB regulator must be enabled by default to power the MCU.
When connected to a USB host, the input source of this regulator is switched to the USB
bus supply from the Li-ion battery. To charge the battery, the MCU can configure the
battery charger according to the charger detection information.
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777777777777 To PMC and Pads

Cstab
TYPEA VREGIN Chip
= VBUé Charger - Rggtﬁator
= D
USB| | USB
N T XCVR _|Controller
' |vss | Lilon— USBO_DM
= VBUS Sense

Figure 3-53. USB regulator Li-ion usecase

3.9.2.2.3 USB bus power supply

The chip can also be powered by the USB bus directly. In this case, VOUT33 is
connected to VDD. The USB regulator must be enabled by default to power the MCU,
then to power USB transceiver or external sensor.

VDD
ffffffffffffff To PMC and Pads
VOUT33
Cstab v
L
= Chip
TYPE A
VBUS VREGIN USB
— Z Regulator
= D+ USBO0_DP ||
— | XCVR usB
D- T USB0_DM USB | |Controller
=
=

Figure 3-54. USB regulator bus supply

3.9.2.3 USB power management
The regulator should be put into STANDBY mode whenever the chip is in Stop mode.
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3.9.2.4 VBUS detect

The USB FS controller does not include a dedicated VBUS detect pin. However, a GP1IO
pin with interrupt capability can be used to detect the presence of VBUS in device mode.
If a GPIO pin with LLWU capability is used, VBUS can be detected in all low power
modes, including LLS and VLLS.

Software 1s responsible for detecting VBUS via a GPIO pin and configuring the USB
controller appropriately in response to the rising or falling edge of VBUS.

NOTE
An appropriately sized resistive voltage divider must be used if
the GPIO pin does not directly support a SV input.

3.9.2.5 USB controller configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0
Register
access
Crossbar |_Transfers Module signals | gjgna|
switch USB controller multiplexing

Figure 3-55. USB controller configuration

Table 3-66. Reference links to related information

Topic Related module Reference
Full description USB controller USB controller
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing
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NOTE
When USB is not used in the application, it is recommended to
connect VREGOUT and VREG_INXx together and tie to ground
through a 10k() resistor. Do not tie directly to ground, as this
causes a latch-up risk.

3.9.2.6 USB DCD Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

USB Device Charger

USB OTG
Detect

Figure 3-56. USB DCD configuration

Table 3-67. Reference links to related information

Topic

Related module

Reference

Full description

USB DCD

USB DCD

System memory map

System memory map

Clocking

Clock Distribution

USB FS/LS controller

USB FS/LS controller

3.9.2.7 USB Voltage Regulator Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Module signals
USB USB Voltage Signal
OTG Regulator multiplexing

Figure 3-57. USB Voltage Regulator configuration

Table 3-68. Reference links to related information

Topic Related module Reference
Full description USB Voltage Regulator USB Voltage Regulator
System memory map System memory map
Clocking Clock Distribution
USB controller USB controller
Signal Multiplexing Port control Signal Multiplexing
NOTE

When USB is not used in the application, it is recommended
that the USB regulator VREGIN and VOUT33 pins remain
floating.

3.9.3 CAN Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

FlexCAN

Signal multiplexing

Figure 3-58. CAN configuration

Table 3-69. Reference links to related information

Topic Related module Reference
Full description CAN CAN
System memory map System memory map
Clocking Clock Distribution

Table continues on the next page...
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Table 3-69. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.3.1 Reset value of MDIS bit

The CAN_MCR[MDIS] bit is set after reset. Therefore, FlexCAN module is disabled
following a reset.

3.9.3.2 Number of message buffers

Each FlexCAN module contains 16 message buffers. Each message buffer is 16 bytes.

3.9.3.3 FlexCAN Clocking

3.9.3.3.1 Clocking Options

CAN_CTRLI[CLKSRC(] register bit selects between clocking the FlexCAN from the
internal bus clock or the input clock (OSCERCLK). In this case, a clock source with PLL
FM jitter must not be used.

3.9.3.3.2 Clock Gating

The clock to each CAN module can be gated on and off using the SCGCn[CANXx] bits.
These bits are cleared after any reset, which disables the clock to the corresponding
module. The appropriate clock enable bit should be set by software at the beginning of
the FlexCAN initialization routine to enable the module clock before attempting to
initialize any of the FlexCAN registers.

3.9.3.4 FlexCAN Interrupts

The FlexCAN has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate a single interrupt request. See below for the mapping of the
individual interrupt sources to the interrupt request:
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Request Sources
Message buffer Message buffers 0-15
Bus off Bus off
Error Bit1 error
BitO error

Acknowledge error

Cyclic redundancy check (CRC) error
Form error

Stuffing error

Transmit error warning

Receive error warning

Transmit Warning Transmit Warning
Receive Warning Receive Warning
Wake-up Wake-up

3.9.3.5 FlexCAN Operation in Low Power Modes

The FlexCAN module is operational in VLPR and VLPW modes. With the 2 MHz bus
clock, the fastest supported FlexCAN transfer rate is 250 kbps. The bit timing parameters
in the module must be adjusted for the new frequency, but full functionality is possible.

FlexCAN requires certain clock tolerances to enable proper CAN bus communications
without errors. The specific tolerances are specific to the CAN bit timing settings used in
a system and calculations are outlined in the CAN specification. To maximize reliability,
it is recommended that if using a PLL with FM jitter control, this should be turned off.

The FlexCAN module can be configured to generate a wakeup interrupt in STOP and
VLPS modes. When the FlexCAN is configured to generate a wakeup, a recessive to
dominant transition on the CAN bus generates an interrupt.

3.9.3.6 FlexCAN Doze Mode

The Doze mode for the FlexCAN module is the same as the Wait and VLPW modes for
the chip.

3.9.3.7 Limitation of CANx_CTRL2[RFFN]
The maximum allowed value for CANx_CTRL2[RFFN] is 0x3.
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3.9.4 SPI configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

SP| Signal

multiplexing

Figure 3-59. SPI configuration

Table 3-70. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map
Clocking Clock Distribution
Signal Multiplexing Port control Signal Multiplexing

3.9.4.1 SPI Modules Configuration

This device contains three SPI modules.

3.9.4.2 SPI clocking

The SPI module is clocked by the internal bus clock (the DSPI refers to it as system
clock). The module has an internal divider, with a minimum divide is two. So, the SPI
can run at a maximum frequency of bus clock/2.

3.9.4.3 Number of CTARs

SPI CTAR registers define different transfer attribute configurations. The SPI module
supports up to eight CTAR registers. This device supports two CTARSs on all instances of
the SPI.
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In master mode, the CTAR registers define combinations of transfer attributes, such as
frame size, clock phase, clock polarity, data bit ordering, baud rate, and various delays. In
slave mode only CTARO is used, and a subset of its bitfields sets the slave transfer

attributes.

3.9.4.4 TXFIFO size

Table 3-71. SPI transmit FIFO size
SPI Module Transmit FIFO size
SPIO 4
SPI 1
SPI2 1

3.9.4.5 RXFIFO Size

SPI supports up to 16-bit frame size during reception.

Table 3-72. SPI receive FIFO size
SPI Module Receive FIFO size
SPIO 4
SPI1 1
SPI2 1

3.9.4.6 Number of PCS signals

The following table shows the number of peripheral chip select signals available per SPI
module.

Table 3-73. SPI PCS signals

SPI Module PCS Signals
SPIO SPI_PCS[5:0]
SPI SPI_PCS[3:0]
SPI2 SPI_PCS[1:0]
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3.9.4.7 SPI Operation in Low Power Modes

In VLPR and VLPW modes the SPI is functional; however, the reduced system
frequency also reduces the max frequency of operation for the SPI. In VLPR and VLPW
modes the max SPI_CLK frequency is 2MHz.

In stop and VLPS modes, the clocks to the SPI module are disabled. The module is not
functional, but it is powered so that it retains state.

There is one way to wake from stop mode via the SPI, which is explained in the
following section.

3.9.4.7.1 Using GPIO Interrupt to Wake from stop mode

Here are the steps to use a GPIO to create a wakeup upon reception of SPI data in slave
mode:

1. Point the GPIO interrupt vector to the desired interrupt handler.

2. Enable the GPIO input to generate an interrupt on either the rising or falling edge
(depending on the polarity of the chip select signal).

3. Enter Stop or VLPS mode and Wait for the GPIO interrupt.

NOTE
It 1s likely that in using this approach the first word of data from
the SPI host might not be received correctly. This is dependent
on the transfer rate used for the SPI, the delay between chip
select assertion and presentation of data, and the system
interrupt latency.

3.9.4.8 SPI Doze Mode

The Doze mode for the SPI module is the same as the Wait and VLPW modes for the
chip.

3.9.4.9 SPI Interrupts

The SPI has multiple sources of interrupt requests. However, these sources are OR'd
together to generate a single interrupt request per SPI module to the interrupt controller.
When an SPI interrupt occurs, read the SPI_SR to determine the exact interrupt source.
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3.9.4.10 Writing SPI Transmit FIFO

In Master mode, only 32-bit write accesses are supported for the PUSHR register, the top
TX FIFO entry. In Slave mode, 8-bit, 16-bit and 32-bit write accesses are supported for
the PUSHR register, although each write increments the write pointer.

3.9.5 12C Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

NOTE
The Open Drain mode on SDA, SCL pins has to be enabled by
setting PORTx_PCRn[ODE] bits.

Peripheral
bridge
Register
access
2 Module signals Signal
=C -
multiplexing

Figure 3-60. I12C configuration

Table 3-74. Reference links to related information

Topic Related module Reference
Full description 12C 12C
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.5.1 Number of 12C modules

This device has three I2C modules.
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3.9.6 UART Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge
Register
access
Module signals .
Signal
UART multiplexing

Figure 3-61. UART configuration

Table 3-75. Reference links to related information

Topic Related module Reference
Full description UART UART
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.6.1 UART instantiation

In this chip, the 100-pin package has 5 UARTSs. The 121-pin and 144-pin packages have
6 UART modules.

3.9.6.2 UART configuration information
This section describes how each module is configured on this device.

1. Standard features of all UARTS:
e RS-485 support
e Hardware flow control (RTS/CTY)
* 9-bit UART to support address mark with parity
* MSB/LSB configuration on data
2. UARTO and UART1 are clocked from the core clock, the remaining UARTS are
clocked on the bus clock. The maximum baud rate is 1/16 of related source clock

frequency.
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3. IrDA is available on all UARTSs

4. UARTO contains the standard features plus ISO7816

5. UARTO and UART1 contain 8-entry transmit and 8-entry receive FIFOs
6. All other UARTS contain a 1-entry transmit and receive FIFOs

3.9.6.3 UART wakeup

The UART can be configured to generate an interrupt/wakeup on the first active edge that
it receives.

3.9.6.4 UART interrupts

The UART has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate a single interrupt request. See below for the mapping of the
individual interrupt sources to the interrupt request:

The status interrupt combines the following interrupt sources:

Source UARTO UART 1 UART 2 UART 3 UART 4 UART 5
Transmit data X X X X X X
empty
Transmit X X X X X X
complete
Idle line X X X X X X
Receive data X X X X X X
full
LIN break X X X X X X
detect
RxD pin active | x X X X X X
edge
Initial character | x — — — — —
detect(ISO7816
)

The error interrupt combines the following interrupt sources:

Source UART 0 UART 1 UART 2 UART 3 UART 4 UART 5
Receiver X X X X X X
overrun
Noise flag X X X X X X
Framing error X X X X X X
Parity error X X X X X X

Table continues on the next page...
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Source

UART O

UART 1

UART 2

UART 3

UART 4

UART 5

Transmitter X
buffer overflow

Receiver buffer | x
overflow

Receiver buffer | x
underflow

Transmit X
threshold
(1IS0O7816)

Receiver X
threshold
(1ISO7816)

Wait timer X
(1ISO7816)

Character wait | x
timer (ISO7816)

Block wait timer | x
(1ISO7816)

Guard time X
violation
(1ISO7816)

3.9.7 SDHC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers
Crossbar

switch

Peripheral
bridge
Register
access
Module signals :
Signal
SDHC multiplexing

Figure 3-62. SDHC configuration

Table 3-76. Reference links to related information

Topic

Related module

Reference

Full description

SDHC

SDHC

System memory map

System memory map

Clocking

Clock Distribution

Table continues on the next page...
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Table 3-76. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.9.7.1 SDHC clocking

In addition to the system clock, the SDHC needs a clock for the base for the external card
clock. There are four possible clock sources for this clock, selected by the SIM_SOPT2
register:

* Core/system clock

« MCGPLLCLK, or MCGFLLCLK

* OSCERCLK

e Bypass clock from off-chip (SDHCO_CLKIN)

3.9.7.2 SD bus pullup/pulldown constraints

The SD standard requires the SD bus signals (except the SD clock) to be pulled up during
data transfers. The SDHC also provides a feature of detecting card insertion/removal, by
detecting voltage level changes on DAT[3] of the SD bus. To support this DAT[3] must
be pulled down. To avoid a situation where the SDHC detects voltage changes due to
normal data transfers on the SD bus as card insertion/removal, the interrupt relating to
this event must be disabled after the card has been inserted and detected. It can be re-
enabled after the card is removed.

3.9.8 IS configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
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Register
access

Module signals

1°S

Signal multiplexing

Figure 3-63. IS configuration

Table 3-77. Reference links to related information

Topic Related module Reference
Full description 12s 12S
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing Port control Signal Multiplexing

3.9.8.1 Instantiation information
This device contains one I2S module.

As configured on the device, module features include:
e TX data lines: 2
e RX data lines: 2
e FIFO size (words): 8
e Maximum words per frame: 32
e Maximum bit clock divider: 512

3.9.8.2 I2S/SAl clocking

3.9.8.2.1 Audio Master Clock

The audio master clock (MCLK) is used to generate the bit clock when the receiver or
transmitter is configured for an internally generated bit clock. The audio master clock can
also be output to or input from a pin. The transmitter and receiver have the same audio
master clock inputs.
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3.9.8.2.2 Bit Clock

The I12S/SAI transmitter and receiver support asynchronous bit clocks (BCLKs) that can
be generated internally from the audio master clock or supplied externally. The module
also supports the option for synchronous operation between the receiver and transmitter
product.

3.9.8.2.3 Bus Clock

The bus clock is used by the control registers and to generate synchronous interrupts and
DMA requests.

3.9.8.2.4 I2S/SAI clock generation

Each SAI peripheral can control the input clock selection, pin direction and divide ratio
of one audio master clock.

The MCLK Input Clock Select bit of the MCLK Control Register (MCR[MICS]) selects
the clock input to the I*S/SAI module’s MCLK divider.

The following table shows the input clock selection options on this device.

Table 3-78. 12S0 MCLK input clock selection

MCR[MICS] Clock Selection
00 System clock
01 OSCOERCLK
10 Not supported
11 MCGPLLCK , IRC48MCLK, or MCGFLLCLK

The module's MCLK Divide Register (MDR) configures the MCLK divide ratio.

The module's MCLK Output Enable bit of the MCLK Control Register (MCR[MOE))
controls the direction of the MCLK pin. The pin is the input from the pin when MOE is 0,
and the pin is the output from the clock divider when MOE is 1.

The transmitter and receiver can independently select between the bus clock and the
audio master clock to generate the bit clock. Each module's Clocking Mode field of the
Transmit Configuration 2 Register and Receive Configuration 2 Register (TCR2[MSEL]
and RCR2[MSEL)]) selects the master clock.
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The following table shows the TCR2[MSEL] and RCR2[MSEL] field settings for this
device.

Table 3-79. 12S0 master clock settings

TCR2[MSEL], RCR2[MSEL] Master Clock
00 Bus Clock
01 12S0_MCLK
10 Not supported
11 Not supported

3.9.8.2.5 Clock gating and I2S/SAl initialization

The clock to the I?’S/SAI module can be gated using a bit in the SIM. To minimize power
consumption, these bits are cleared after any reset, which disables the clock to the
corresponding module. The clock enable bit should be set by software at the beginning of
the module initialization routine to enable the module clock before initialization of any of
the I2S/SAI registers.

3.9.8.3 I2S/SAl operation in low power modes

3.9.8.3.1 Stop and very low power modes

In Stop mode, the SAI transmitter and/or receiver can continue operating provided the
appropriate Stop Enable bit is set (TCSR[STOPE] and/or RCSR[STOPE], respectively),
and provided the transmitter and/or receiver is/are using an externally generated bit clock
or an Audio Master Clock that remains operating in Stop mode. The SAI transmitter
and/or receiver can generate an asynchronous interrupt to wake the CPU from Stop mode.

In VLPS mode, the module behaves as it does in stop mode if VLPS mode is entered
from run mode. However, if VLPS mode is entered from VLPR mode, the FIFO might
underflow or overflow before wakeup from stop mode due to the limits in bus bandwidth.
In VLPW and VLPR modes, the module is limited by the maximum bus clock
frequencies.

When operating from an internally generated bit clock or Audio Master Clock that is
disabled in stop modes:
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In Stop mode, if the Transmitter Stop Enable (TCSR[STOPE)) bit is clear, the transmitter
1s disabled after completing the current transmit frame, and, if the Receiver Stop Enable
(RCSR[STOPE]) bit is clear, the receiver is disabled after completing the current receive
frame. Entry into Stop mode is prevented—not acknowledged—while waiting for the
transmitter and receiver to be disabled at the end of the current frame.

3.9.8.3.2 Low-leakage modes

When entering low-leakage modes, the Stop Enable (TCSR[STOPE] and
RCSR[STOPE]) bits are ignored, and the SAI is disabled after completing the current
transmit and receive Frames. Entry into stop mode is prevented (not acknowledged)
while waiting for the transmitter and receiver to be disabled at the end of the current
frame.

3.10 Human-machine interfaces

3.10.1 GPIO configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge
Register
access
Crossbar| Transfers Module signals Signal
switch GPIO controller multiplexing

Figure 3-64. GPIO configuration

Table 3-80. Reference links to related information

Topic Related module Reference
Full description GPIO GPIO
System memory map System memory map
Clocking Clock Distribution

Table continues on the next page...
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Table 3-80. Reference links to related information (continued)

Topic

Related module

Reference

Power management

Power management

Transfers

Crossbar switch

Clock Distribution

Signal Multiplexing

Port control

Signal Multiplexing

3.10.1.1 GPIO access protection

The GPIO module does not have access protection because it is not connected to a

peripheral bridge slot and is not protected by the MPU.

3.10.1.2 Number of GPIO signals

The number of GPIO signals available on the devices covered by this document are

detailed in Orderable part numbers .
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one 32-bit contiguous memory space. This chapter describes the memory and
peripheral locations within that memory space.

4.2 System memory map

The following table shows the high-level device memory map. This map provides the
complete architectural address space definition for the various sections. Based on the
physical sizes of the memories and peripherals, the actual address regions used may be
smaller.

The system memory map includes multiple aliased address spaces that are intended for
specific purposes.

* There are two FlexBus aliased address spaces that are mapped into the ICode regions
(address < 0x2000_0000) for code sections that are normally located in the system
region of the memory map (address >= 0x2000_0000). The two subsets of FlexBus
space are aliased so they appear in the ICode region so instructions mapped into this
space can be executed with maximum performance.

* There is an aliased region that maps a system address space to the Program flash
section. On devices with FlexNVM there is also an aliased region that maps a system
address space to the FlexXNVM flash section. This is complementary to the previous
FlexBus example. Flash region aliasing is specifically intended for references to
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read-only data coefficients in the flash while still preserving a full Harvard memory
organization in the processor core supporting concurrent instruction fetches (for
example, from RAM) and data accesses (from flash via the aliased space).

» The bitbanding functionality supported by the processor core uses aliased regions
that map to the basic RAM and peripheral address spaces. This functionality maps
each 32-bit word of the aliased address space to a unique bit in the underlying RAM
or peripheral address space to support single-bit insert and extract operations from
the processor.

Table 4-1. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000—-0x07FF_FFFF Program flash and read-only data All masters
(Includes exception vectors in first 1024 bytes)
0x0800_0000-0x0FFF_FFFF FlexBus (Aliased area).The addresses Cortex-M4 core

0x0800_0000-0x0FFF_FFFF are mapped to the same access | (M0) only
space of 0x8800_0000-0x8FFF_FFFF.

0x1000_0000-0x13FF_FFFF ¢ For MK64FX512VLL12: FlexNVM All masters
For MK64FX512VDC12: FlexNVM
For MK64FX512VLQ12: FlexNVM
For MK64FX512VMD12: FlexNVM
For MK64FN1MOVLL12: Reserved
For MK64FN1MQVDC12: Reserved
For MK64FN1MOVLQ12: Reserved
For MK64FN1MOVMD12:; Reserved

0x1400_0000-0x17FF_FFFF For devices with FlexNVM: FlexRAM All masters
0x1400_0000-0x17FF_FFFF For devices with program flash only: Programming -

acceleration RAM
0x1800_0000-0x1BFF_FFFF FlexBus (Aliased Area). The addresses Cortex-M4 core

0x1800_0000-0x1BFF_FFFF are mapped to the same access | (MO0) only
space of 0x9800_0000-0x9BFF_FFFF.

0x1FFF_0000-0x1FFF_FFFF SRAM_L: Lower SRAM (ICODE/DCODE) All masters
0x2000_0000-0x2002_FFFF2 SRAM_U: Upper SRAM bitband region All masters
0x2010_0000-0x21FF_FFFF Reserved -
0x2200_0000-0x23FF_FFFF Aliased to TCMU SRAM bitband Cortex-M4 core
only
0x2400_0000—0x2FFF_FFFF Reserved -
0x3000_0000-0x33FF_FFFF! Flash Data Alias Cortex-M4 core
(M1) only
0x3400_0000—0x3FFF_FFFF Flash Flex Alias Cortex-M4 core
(M1) only
0x4000_0000-0x4007_FFFF Bitband region for AIPSO Cortex-M4 core &
DMA/EzPort
0x4008_0000—-0x400F_EFFF Bitband region for AIPS1 Cortex-M4 core &
DMA/EzPort
0x400F_F000—0x400F_FFFF Bitband region for GPIO Cortex-M4 core &
DMA/EzPort
0x4010_0000-0x41FF_FFFF Reserved -

Table continues on the next page...
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Table 4-1. System memory map (continued)

System 32-bit Address Range Destination Slave Access
0x4200_0000-0x43FF_FFFF Aliased to AIPS and GPIO bitband Cortex-M4 core
only
0x4400_0000-0x5FFF_FFFF Reserved -
0x6000_0000-0x7FFF_FFFF FlexBus (External Memory - Write-back) All masters
0x8000_0000-0x9FFF_FFFF FlexBus (External Memory - Write-through) All masters
0xA000_0000-OxDFFF_FFFF FlexBus (External Peripheral - Not executable) All masters
0xE000_0000-0xEQOF_FFFF Private Peripherals Cortex-M4 core
only
0xE010_0000-0xFFFF_FFFF Reserved -

1. This map provides the complete architectural address space definition for the flash. Based on the physical sizes of the
memories implemented for a particular device, the actual address regions used may be smaller. See Flash Memory Sizes
for details.

2. This range varies depending on the amount of SRAM implemented for a particular device. See SRAM sizes for details.

NOTE
1. EzPort master port is statically muxed with DMA master
port. Access rights to AIPS-Lite peripheral bridge and
general purpose input/output (GPIO) module address space
18 limited to the core, DMA and EzPort.
2. ARM Cortex-M4 core access privileges also includes
accesses via the debug interface.

4.2.1 Aliased bit-band regions

The SRAM_U, AIPS-Lite, and general purpose input/output (GPIO) module resources
reside in the Cortex-M4 processor bit-band regions.

The processor also includes two 32 MB aliased bit-band regions associated with the two
1 MB bit-band spaces. Each 32-bit location in the 32 MB space maps to an individual bit
in the bit-band region. A 32-bit write in the alias region has the same effect as a read-
modify-write operation on the targeted bit in the bit-band region.

Bit O of the value written to the alias region determines what value is written to the target
bit:

* Writing a value with bit O set writes a 1 to the target bit.
* Writing a value with bit O clear writes a 0 to the target bit.

A 32-bit read in the alias region returns either:

* a value of 0x0000_0000 to indicate the target bit is clear
* a value of 0x0000_0001 to indicate the target bit is set
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Figure 4-1. Alias bit-band mapping

NOTE
Each bit in bit-band region has an equivalent bit that can be
manipulated through bit 0 in a corresponding long word in the

alias bit-band region.

4.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System

memory map.

Flash memory base address
Registers

Program flash base address

Flash configuration field

Program flash

Programming acceleration
RAM base address RAM

Figure 4-2. Flash memory map for devices containing only program flash
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Flash memory base address
Registers

Program flash base address

Flash configuration field
Program flash

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 4-3. Flash memory map for devices containing FlexNVM

4.3.1 Alternate Non-Volatile IRC User Trim Description

The following non-volatile locations (4 bytes) are reserved for custom IRC user trim
supported by some development tools. An alternate IRC trim to the factory loaded trim
can be stored at this location. To override the factory trim, user software must load new
values into the MCG trim registers.

Non-Volatile Byte Address Alternate IRC Trim Value
0x0000_03FC Reserved
0x0000_03FD Reserved
0x0000_03FE (bit 0) SCFTRIM
0x0000_03FE (bit 4:1) FCTRIM
0x0000_03FE (bit 6) FCFTRIM
0x0000_03FF SCTRIM

4.4 SRAM memory map

The on-chip RAM is split in two regions: SRAM_L and SRAM_U. The RAM is
implemented such that the SRAM_L and SRAM_U ranges form a contiguous block in
the memory map. See SRAM Configuration for details.

Accesses to the SRAM_L and SRAM_U memory ranges outside the amount of RAM on
the device causes the bus cycle to be terminated with an error followed by the appropriate
response in the requesting bus master.
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4.5 Peripheral bridge (AIPS-Lite0 and AIPS-Lite1) memory
map

The peripheral memory map is accessible via two slave ports on the crossbar switch in
the 0x4000_0000-0x400F_FFFF region. The device implements two peripheral bridges
(AIPS-Lite 0 and 1):

» AIPS-LiteO covers 512 KB
» AIPS-Litel covers 508 KB with 4 KB assigned to the general purpose input/output
module (GPIO)

AIPS-Lite0 is connected to crossbar switch slave port 2, and is accessible at locations
0x4000_0000-0x4007_FFFF.

AIPS-Litel and the general purpose input/output module share the connection to crossbar
switch slave port 3. The AIPS-Litel is accessible at locations 0x4008_0000—
0x400F_EFFF. The general purpose input/output module is accessible in a 4-kbyte region
at 0x400F_F000-0x400F_FFFF. Its direct connection to the crossbar switch provides
master access without incurring wait states associated with accesses via the AIPS-Lite
controllers.

Modules that are disabled via their clock gate control bits in the SIM registers disable the
associated AIPS slots. Access to any address within an unimplemented or disabled
peripheral bridge slot results in a transfer error termination.

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.

4.5.1 Read-after-write sequence and required serialization of
memory operations

In some situations, a write to a peripheral must be completed fully before a subsequent
action can occur. Examples of such situations include:

 Exiting an interrupt service routine (ISR)

* Changing a mode

* Configuring a function

In these situations, the application software must perform a read-after-write sequence to
guarantee the required serialization of the memory operations:
1. Write the peripheral register.
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2. Read the written peripheral register to verify the write.
3. Continue with subsequent operations.

NOTE

Chapter 4 Memory Map

One factor contributing to these situations is processor write

buffering. The processor architecture has a programmable

configuration bit to disable write buffering:
ACTLR[DISDEFWBUF]. However, disabling buffered writes
is likely to degrade system performance much more than simply
performing the required memory serialization for the situations
that truly require it.

4.5.2 Peripheral Bridge 0 (AIPS-Lite 0) Memory Map

Table 4-2. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 Peripheral bridge 0 (AIPS-Lite 0)
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 Crossbar switch
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 DMA controller transfer control descriptors
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 FlexBus
0x4000_D000 13 MPU
0x4000_E000 14 —
0x4000_F000 15 —
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_F000 31 Flash memory controller
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 FlexCAN 0
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 T Random Number Generator (RNGA)
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 SPIO
0x4002_D000 45 SPI 1
0x4002_E000 46 —
0x4002_F000 47 12S 0
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 USB DCD
0x4003_6000 54 Programmable delay block (PDB)
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 FlexTimer (FTM) O
0x4003_9000 57 FlexTimer (FTM) 1
0x4003_A000 58 2 FlexTimer (FTM) 2
0x4003_B000 59 Analog-to-digital converter (ADC) 0
0x4003_C000 60 —
0x4003_D000 61 Real-time clock (RTC)
0x4003_E000 62 VBAT register file

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4003_F000 63 SDACO

0x4004_0000

64 Low-power timer (LPTMR)

0x4004_1000

65 System register file

0x4004_2000 66 —
0x4004_3000 67 —
0x4004_4000 68 —
0x4004_5000 69 —
0x4004_6000 70 —
0x4004_7000 71 SIM low-power logic

0x4004_8000

72 System integration module (SIM)

0x4004_9000

73 Port A multiplexing control

0x4004_A000

74 Port B multiplexing control

0x4004_B000

75 Port C multiplexing control

0x4004_C000

76 Port D multiplexing control

0x4004_D000

77 Port E multiplexing control

0x4004_E000 78 —
0x4004_F000 79 —
0x4005_0000 80 —
0x4005_1000 81 —
0x4005_2000 82 Software watchdog
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 —
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 —
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —

0x4006_1000

97 External watchdog

0x4006_2000

98 Carrier modulator timer (CMT)

0x4006_3000

99 —

0x4006_4000

100 Multi-purpose Clock Generator (MCG)

0x4006_5000

101 System oscillator (OSC)

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4006_6000 102 [2C 0
0x4006_7000 103 [2C 1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 UART 0
0x4006_B000 107 UART 1
0x4006_C000 108 UART 2
0x4006_D000 109 UART 3
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 USB OTG FS/LS
0x4007_3000 115 Analog comparator (CMP) / 6-bit digital-to-analog converter (DAC)
0x4007_4000 116 Voltage reference (VREF)
0x4007_5000 117 —
0x4007_6000 118 —
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 Low-leakage wakeup unit (LLWU)
0x4007_DO000 125 Power management controller (PMC)
0x4007_E000 126 System Mode controller (SMC)
0x4007_F000 127 Reset Control Module (RCM)

1. Random Number Generator is also available in AIPS1

2. FTM2 is also available in AIPS1
3. DACO is also available in AIPS1

4.5.3 Peripheral Bridge 1 (AIPS-Lite 1) Memory Map

Table 4-3. Peripheral bridge 1 slot assignments

System 32-bit base address Slot Module
number
0x4008_0000 0 Peripheral bridge 1 (AIPS-Lite 1)

0x4008_1000

1

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4008_2000 2 —
0x4008_3000 3 —
0x4008_4000 4 —
0x4008_5000 5 —
0x4008_6000 6 —
0x4008_7000 7 —
0x4008_8000 8 —
0x4008_9000 9 —
0x4008_A000 10 —
0x4008_B000 11 —
0x4008_C000 12 —
0x4008_D000 13 —
0x4008_E000 14 —
0x4008_F000 15 —
0x4009_0000 16 —
0x4009_1000 17 —
0x4009_2000 18 —
0x4009_3000 19 —
0x4009_4000 20 —
0x4009_5000 21 —
0x4009_6000 22 —
0x4009_7000 23 —
0x4009_8000 24 —
0x4009_9000 25 —
0x4009_A000 26 —
0x4009_B000 27 —
0x4009_C000 28 —
0x4009_D000 29 —
0x4009_E000 30 —
0x4009_F000 31 —
0x400A_0000 32 TRandom number generator (RNGA)
0x400A_1000 33 —
0x400A_2000 34 —
0x400A_3000 35 —
0x400A_4000 36 —
0x400A_5000 37 —
0x400A_6000 38 —
0x400A_7000 39 —
0x400A_8000 40 —
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Peripheral bridge (AIPS-Lite0 and AIPS-Lite1) memory map

Table 4-3. Peripheral bridge 1 slot assignments (continued)
System 32-bit base address Slot Module
number
0x400A_9000 41 —
0x400A_A000 42 —
0x400A_B000 43 —
0x400A_C000 44 SPI 2
0x400A_DO000 45 —
0x400A_EO000 46 —
0x400A_F000 47
0x400B_0000 48 —
0x400B_1000 49 eSDHC
0x400B_2000 50 —
0x400B_3000 51 —
0x400B_4000 52 —
0x400B_5000 53 —
0x400B_6000 54 —
0x400B_7000 55 —
0x400B_8000 56 2FlexTimer (FTM) 2
0x400B_9000 57 FlexTimer (FTM) 3
0x400B_A000 58 —
0x400B_B000 59 Analog-to-digital converter (ADC) 1
0x400B_CO000 60 —
0x400B_D000 61 —
0x400B_E000 62 —
0x400B_F000 63 —
0x400C_0000 64 Ethernet MAC and IEEE 1588 timers
0x400C_1000 65 —
0x400C_2000 66 —
0x400C_3000 67 —
0x400C_4000 68 —
0x400C_5000 69 —
0x400C_6000 70 —
0x400C_7000 71 —
0x400C_8000 72 —
0x400C_9000 73 —
0x400C_A000 74 —
0x400C_B000 75 —
0x400C_C000 76 312-bit digital-to-analog converter (DAC) 0
0x400C_D000 77 12-bit digital-to-analog converter (DAC) 1
0x400C_E000 78 —
0x400C_F000 79 —
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number

0x400D_0000 80 —
0x400D_1000 81 —
0x400D_2000 82 —
0x400D_3000 83 —
0x400D_4000 84 —
0x400D_5000 85 —
0x400D_6000 86 —
0x400D_7000 87 —
0x400D_8000 88 —
0x400D_9000 89 —
0x400D_A000 90 —
0x400D_B000 91 —
0x400D_CO000 92 —
0x400D_D000 93 —
0x400D_E000 94 —
0x400D_F000 95 —
0x400E_0000 96 —
0x400E_1000 97 —
0x400E_2000 98 —
0x400E_3000 99 —
0x400E_4000 100 —
0x400E_5000 101
0x400E_6000 102 2C2
0x400E_7000 103 —
0x400E_8000 104 —
0x400E_9000 105 —
0x400E_A000 106 UART 4
0x400E_B000 107 UART 5
0x400E_C000 108 —
0x400E_DO000 109 —

0x400E_EO000

110

0x400E_FO000

111

0x400F_0000

112

0x400F_1000

113

0x400F_2000

114

0x400F_3000

115

0x400F_4000

116

0x400F_5000

117

0x400F_6000

118
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Private Peripheral Bus (PPB) memory map

Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x400F_7000 119 —
0x400F_8000 120 —
0x400F_9000 121 —
0x400F_A000 122 —
0x400F_B000 123 —
0x400F_C000 124 —
0x400F_DO000 125 —
0x400F_EO000 126 —
0x400F_F000 Not an AIPS-Lite slot. The 32-bit general purpose input/output module that shares the
crossbar switch slave port with the AIPS-Lite is accessed at this address.

1. RNGA is also available in AIPSO
2. FTM2 is also available in AIPSO
3. DACO is also available in AIPS0

4.6 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system
masters do not have access to them.

Table 4-4. PPB memory map

System 32-bit Address Range

Resource

0xE000_0000-0xE000_OFFF

Instrumentation Trace Macrocell (ITM)

0xE000_1000-0xEOQ00_1FFF

Data Watchpoint and Trace (DWT)

0xE000_2000-0xE000_2FFF

Flash Patch and Breakpoint (FPB)

0xE000_3000-0xE000_DFFF Reserved
0xE000_EO000-0xEO000_EFFF System Control Space (SCS) (for NVIC and FPU)
0xE000_F000—-0xE003_FFFF Reserved

0xE004_0000-0xE004_OFFF

Trace Port Interface Unit (TPIU)

0xE004_1000-0xE004_1FFF

Embedded Trace Macrocell (ETM)

0xE004_2000-0xE004_2FFF

Embedded Trace Buffer (ETB)

0xE004_3000-0xE004_3FFF

Embedded Trace Funnel

0xE004_4000-0xE007_FFFF

Reserved

0xE008_0000-0xE008_OFFF

Miscellaneous Control Module (MCM)(including ETB Almost Full)

0xE008_1000-0xE008_1FFF

Memory Mapped Cryptographic Acceleration Unit (MMCAU)

OxEOOF_F000-0xEQOF_FFFF

ROM Table - allows auto-detection of debug components
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Chapter 5
Clock Distribution

5.1 Introduction

The MCG module controls which clock source is used to derive the system clocks. The
clock generation logic divides the selected clock source into a variety of clock domains,
including the clocks for the system bus masters, system bus slaves, and flash memory .
The clock generation logic also implements module-specific clock gating to allow
granular shutoff of modules.

The primary clocks for the system are generated from the MCGOUTCLK clock. The
clock generation circuitry provides several clock dividers that allow different portions of
the device to be clocked at different frequencies. This allows for trade-offs between
performance and power dissipation.

Various modules, such as the USB OTG Controller, have module-specific clocks that can
be generated from the IRC48MCLK or MCGPLLCLK, or MCGFLLCLK clock. In

addition, there are various other module-specific clocks that have other alternate sources.
Clock selection for most modules is controlled by the SOPT registers in the SIM module.

5.2 Programming model

The selection and multiplexing of system clock sources is controlled and programmed via
the MCG module. The setting of clock dividers and module clock gating for the system
are programmed via the SIM module. Reference those sections for detailed register and
bit descriptions.

5.3 High-Level device clocking diagram

The following system oscillator, MCG, and SIM module registers control the
multiplexers, dividers, and clock gates shown in the below figure:
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0osC MCG SIM
Multiplexers MCG_Cx MCG_Cx SIM_SOPT1, SIM_SOPT2
Dividers — MCG_Cx SIM_CLKDIVx
Clock gates OSC_CR MCG_C1 SIM_SCGCx
MCG SIM
4 MHz IRC Il MCGIRCLK Clock options for
32 kHz IRC — MCGFFCLK } some peripherals
(see note)
' FLL OUTDIV1 Core / system clocks
Foumwz Bus clock
&> _’I ™ MCGOUTCLK
h outpiva—{cGl—— FlexBus clock
PLL L =/ L
outpiva—{cGl—— Flash clock
FRDIV MCGFLLCLK
MCGPLLCLK \
- MCGPLLCLK/
i /—'—\ / MCGFLLCLK/ \
IRC48MCLK
O ~
System oscillator g %
w C
EXTALO [X] L 0SCCLK ¢ 58
XTAL_CLK o 2
= OSCERCLK 2
OSC CG > g c_g
XTALO X}—— logic 0SC32KCLK |—’\ ERCLK32K o
5 &
| S
RTC oscillator PMC oo
EXTAL32 XI—— 32.768 kHz _ LPO
0SC logic v PMC logic —|—>
XTAL32 ——
IRC48M internal oscillator j RTC_CLKOUT , )
IRC48M logic—RCASMCLK

CG — Clock gate
Note: See subsequent sections for details on where these clocks are used.

Figure 5-1. Clocking diagram

5.4 Clock definitions

The following table describes the clocks in the previous block diagram.
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Chapter 5 Clock Distribution

Clock name

Description

Core clock

MCGOUTCLK divided by OUTDIV1 clocks the ARM Cortex-
M4 core

System clock

MCGOUTCLK divided by OUTDIV1 clocks the crossbar
switch and bus masters directly connected to the crossbar. In
addition, this clock is used for UARTO and UART1.

Bus clock

MCGOUTCLK divided by OUTDIV2 clocks the bus slaves
and peripheral (excluding memories)

FlexBus clock

MCGOUTCLK divided by OUTDIV3 clocks the external
FlexBus interface

Flash clock MCGOUTCLK divided by OUTDIV4 clocks the flash memory

MCGIRCLK MCG output of the slow or fast internal reference clock

MCGFFCLK MCG output of the slow internal reference clock or a divided
MCG external reference clock.

MCGOUTCLK MCG output of either IRC, MCGFLLCLK MCGPLLCLK, or
MCG's external reference clock that sources the core,
system, bus, FlexBus, and flash clock. It is also an option for
the debug trace clock.

MCGFLLCLK MCG output of the FLL. MCGFLLCLK may clock some
modules.

MCGPLLCLK MCG output of the PLL. MCGPLLOCLK may clock some
modules.

IRC48MCLK Internal 48 MHz oscillator that can be used as a reference to
the MCG and also may clock some on-chip modules.

OSCCLK System oscillator output of the internal oscillator or sourced
directly from EXTAL

OSCERCLK System oscillator output sourced from OSCCLKthat may
clock some on-chip modules

OSC32KCLK System oscillator 32kHz output

ERCLK32K Clock source for some modules that is chosen as
OSC32KCLK or the RTC clock.

RTC clock RTC oscillator output for the RTC module

LPO PMC 1kHz output

5.4.1 Device clock summary

The following table provides more information regarding the on-chip clocks.

Table 5-1. Clock Summary

Clock name Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 120 MHz Up to 4 MHz MCG In all stop modes
Core clock Up to 120 MHz Up to 4 MHz MCGOUTCLK clock In all wait and stop
divider modes

Table continues on the next page...
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Table 5-1. Clock Summary (continued)

Clock name

Run mode

clock frequency

VLPR mode

clock frequency

Clock source

Clock is disabled
when...

System clock Up to 120 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
Bus clock Up to 60 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
FlexBus clock Up to 50 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes or
(FB_CLK) divider FlexBus disabled
Flash clock Up to 25 MHz Up to 800 kHz MCGOUTCLK clock In all stop modes
divider
Internal reference 30-40 kHz or 4 MHz 4 MHz only MCG MCG_C1[IRCLKEN]
(MCGIRCLK) cleared,
Stop mode and
MCG_C1[IREFSTEN]
cleared, or
VLPS/LLS/VLLS mode
External reference  |Up to 50 MHz (bypass), | Up to 4 MHz (bypass), |System OSC System OSC's
(OSCERCLK) 30-40 kHz, or 30-40 kHz (low-range O|SC_CR[ERCLKEN]
crystal) or cleared, or
3-32 MHz (crystal)
Up to 4 MHz (high- Stop mode and
P 9 OSC_CR[EREFSTEN]
range crystal)
cleared
External reference  |30-40 kHz 30-40 kHz System OSC or RTC System OSC's
32kHz OSC depending on OSC_CR[ERCLKEN]
(ERCLK32K) EII-I\]/I_SOPT1[OSC32KS cleared or
RTC's RTC_CR[OSCE]
cleared
Internal 48 MHz clock |48 MHz N/A IRC48M MCG control does not
(IRC48MCLK) enable. Disabled in all
low power modes.
RTC_CLKOUT 1 Hz or 32 kHz 1 Hz or 32 kHz RTC clock Clock is disabled in LLS
and VLLSx modes
LPO 1 kHz 1 kHz PMC in VLLSO
USB FS clock 48 MHz N/A MCGPLLCLK, USBFS OTG is
IRC48MCLK or disabled
MCGFLLCLK with
fractional clock divider ,
or USB_CLKIN
I12S master clock Up to 25 MHz Up to 12.5 MHz System clock , I2S is disabled
MCGPLLCLK,
IRC48MCLK ,
OSCERCLK with
fractional clock divider,
or
12S_CLKIN
SDHC clock Up to 50 MHz N/A System clock, SDHC is disabled

Table continues on the next page...
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Chapter 5 Clock Distribution

Table 5-1. Clock Summary (continued)

Clock name

Run mode

clock frequency

VLPR mode

clock freque

ncy

Clock source

Clock is disabled
when...

MCGPLLCLK/
MCGFLLCLK, or

OSCERCLK

Ethernet RMII clock

50 MHz

N/A

OSCERCLK,
ENET_1588_CLKIN

Ethernet is disabled

Ethernet IEEE 1588
clock

Up to 120 MHz

N/A

System clock,
OSCERCLK,

MCGPLLCLK/
MCGFLLCLK, or

ENET_1588_CLKIN

Ethernet is disabled

TRACE clock

Up to 120 MHz

Up to 4 MHz

System clock or
MCGOUTCLK

Trace is disabled

5.5 Internal clocking requirements

The clock dividers are programmed via the SIM module’s CLKDIV registers. Each
divider is programmable from a divide-by-1 through divide-by-16 setting. The following

requirements must be met when configuring the clocks for this device:

1. The core and system clock frequencies must be 120 MHz or slower.

2. The bus clock frequency must be programmed to 60 MHz or less and an integer
divide of the core clock.
3. The flash clock frequency must be programmed to 25 MHz or less and an integer

divide of the core clock.
4. The FlexBus clock frequency must be programmed to 50 Mhz or less and an integer

divide of the core clock.

The following are a few of the more common clock configurations for this device:

Option 1:
Clock Frequency
Core clock 120 MHz
System clock 120 MHz
Bus clock 60 MHz
FlexBus clock 40 MHz
Flash clock 24 MHz

K64 Sub-Family Reference Manual, Rev. 3, July 2017

NXP Semiconductors

187



Internal clocking requirements

5.5.1 Clock divider values after reset

Each clock divider is programmed via the SIM module’s CLKDIVn registers. The flash
memory's FTF_FOPT[LPBOQT] bit controls the reset value of the core clock, system
clock, bus clock, and flash clock dividers as shown below:

FTF_FOPT
[LPBOOT]

Core/system
clock

Bus clock

FlexBus clock

Flash clock

Description

0x7 (divide by 8)

0x7 (divide by 8)

OxF (divide by 16)

OxF (divide by 16)

Low power boot

0x0 (divide by 1)

0x0 (divide by 1)

0x1 (divide by 2)

0x1 (divide by 2)

Fast clock boot

This gives the user flexibility for a lower frequency, low-power boot option. The flash
erased state defaults to fast clocking mode, since where the low power boot
(FTF_FOPT[LPBOQTY]) bit resides in flash is logic 1 in the flash erased state.

To enable the low power boot option program FTF_FOPT[LPBOOT] to zero. During the
reset sequence, if LPBOOT is cleared, the system is in a slow clock configuration. Upon
any system reset, the clock dividers return to this configurable reset state.

5.5.2 VLPR mode clocking

The clock dividers cannot be changed while in VLPR mode. They must be programmed
prior to entering VLPR mode to guarantee:

* the core/system, FlexBus, and bus clocks are less than or equal to 4 MHz, and
* the flash memory clock is less than or equal to 1 MHz

NOTE
When the MCG is in BLPI and clocking is derived from the
Fast IRC, the clock divider controls, MCG_SC[FCRDIV] and
SIM_CLKDIV1[OUTDIV4], must be programmed such that
the resulting flash clock nominal frequency is 800 kHz or less.
In this case, one example of correct configuration is
MCG_SC[FCRDIV]=000b and
SIM_CLKDIV1[OUTDIV4]=0100b, resulting in a divide by 5
setting.
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5.6 Clock Gating

The clock to each module can be individually gated on and off using the SIM module's
SCGCx registers. These bits are cleared after any reset, which disables the clock to the
corresponding module to conserve power. Prior to initializing a module, set the
corresponding bit in SCGCx register to enable the clock. Before turning off the clock,
make sure to disable the module.

Chapter 5 Clock Distribution

Any bus access to a peripheral that has its clock disabled generates an error termination.

5.7 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-2. Module clocks

Module Bus interface clock | Internal clocks I/0 interface clocks
Core modules

ARM Cortex-M4 core System clock Core clock —
NVIC System clock = =
DAP System clock — —
IT™ System clock = =

ETM System clock TRACE clock TRACE_CLKOUT
ETB System clock — —

cJTAG, JTAGC — — JTAG_CLK
System modules

DMA System clock = =
DMA Mux Bus clock — —
Port control Bus clock LPO —

Crossbar Switch

System clock

Peripheral bridges

System clock

Bus clock, Flash clock

MPU

System clock

LLWU, PMC, SIM, RCM Flash clock LPO —
Mode controller Flash clock — —
MCM System clock — —

EWM Bus clock LPO =
Watchdog timer Bus clock LPO —

Clocks

Table continues on the next page...
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Table 5-2. Module clocks (continued)

Module Bus interface clock Internal clocks I/0 interface clocks
MCG Bus clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCERCLK
OSC Bus clock OSCERCLK —
IRC48M — IRC48MCLK —
Memory and memory interfaces
Flash Controller System clock Flash clock —
Flash memory Flash clock — —
FlexBus System clock = CLKOUT
EzPort System clock — EZP_CLK
Security
CRC Bus clock — —
MMCAU System clock — —
RNGA Bus clock — —
Analog
ADC Bus clock OSCERCLK —
CMP Bus clock — —
VREF Bus clock = =
Timers
PDB Bus clock — —
FlexTimers Bus clock MCGFFCLK FTM_CLKINx
PIT Bus clock — —
LPTMR Flash clock LPO, OSCERCLK, —
MCGIRCLK, ERCLK32K
CMT Bus clock — —
RTC Flash clock EXTAL32 —
Communication interfaces
Ethernet System clock, Bus clock RMII clock, IEEE 1588 clock MII_RXCLK, MII_TXCLK
USB FS OTG System clock USB FS clock —
USB DCD Bus clock — —
FlexCAN Bus clock OSCERCLK —
DSPI Bus clock — DSPI_SCK
12C Bus clock — 2C_SCL
UARTO, UART1 System clock — —
UART2-5 Bus clock — —
SDHC System clock SDHC clock SDHC_DCLK
12S Bus clock [2S master clock [2S_TX_BCLK,
12S_RX_BCLK
Human-machine interfaces
GPIO System clock — —
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5.7.1 PMC 1-kHz LPO clock

The Power Management Controller (PMC) generates a 1-kHz clock that is enabled in all
modes of operation, including all low power modes. This 1-kHz source is commonly
referred to as LPO clock or 1-kHz LPO clock.

5.7.2 IRC 48MHz clock

The integrated 48 MHz internal reference clock source (IRC48MCLK) is available in
Run, and WAIT modes of operation. IRC48MCLK is forced disabled when the MCU
transitions into VLPS , LLSx, and VLLSx low power modes.

NOTE
IRC48MCLK is not forced disabled in Stop modes and should
be disabled by software prior to Stop entry unless it is required.
IRC48MCLK is not forced disabled in VLPR and should be
disabled by software prior to VLPR entry.

IRC48MCLK is enabled via the following control settings while operating in these
clocking modes:
» USB Control register enables — enabled when
USB_CLK_RECOVER_IRC_EN[IRC_EN]=1
* or MCG Control register selects IRC48 MHz clock — enabled when
MCG_C7[OSCSEL]=10
 or SIM Control register selects IRC48 MHz clock — enabled when
SIM_SOPT2[PLLFLLSEL]=11

In USB Device applications, the IRC48M block can be enabled in USB Clock Recovery
mode in which the internal IRC48M oscillator is tuned to match the clock extracted from
the incoming USB data stream. This functionality provides the capability of generating a
high precision 48MHz clock source without requiring an on-chip PLL or an associated
off-chip crystal circuit.

If the USB Device connection is removed from the Host, the IRC48M USB Clock
Recovery functionality stops tuning the internal IRC48M oscillator since the clock
extracted from the USB data stream is disconnected. The 48MHz clock source frequency
does not shift after the USB Device is removed from the USB Host.

If the IRC48M clock is selected as the source of the PLL with MCG_C7[OSCSEL]=10
then the clock frequency of the system clocks can shift as the USB device connects to the
USB Host starting clock recovery tuning.
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The IRC48MCLK is also available for use as:
* An oscillator reference to the MCG - from which core, system, bus, and flash clock
sources can be derived
e An input to the PLL/FLL clock mux, the output of which is used by various modules

5.7.3 WDOG clocking

The WDOG may be clocked from two clock sources as shown in the following figure.

LPO

——— WDOG clock

Bus clock ——

d

WDOG_STCTRLH[CLKSRC]
Figure 5-2. WDOG clock generation

5.7.4 Debug trace clock

The debug trace clock source can be clocked as shown in the following figure.

MCGOUTCLK ———

TRACECLKIN | TPV | tRACE _cLkouT

Core / system clock ——

1

SIM_SOPT2[TRACECLKSEL]
Figure 5-3. Trace clock generation
NOTE

The trace clock frequency observed at the TRACE_CLKOUT
pin will be half that of the selected clock source.
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5.7.5 PORT digital filter clocking

The digital filters in the PORTD module can be clocked as shown in the following figure.

In stop mode, the digital input filters are bypassed unless they

are configured to run from the 1 kHz LPO clock source.

Bus clock

LPO

(RS

d

PORTx_DFCRI[CS]

PORTXx digital input
filter clock

Figure 5-4. PORTXx digital input filter clock generation

5.7.6 LPTMR clocking

The prescaler and glitch filters in each of the LPTMRx modules can be clocked as shown

in the following figure.

The chosen clock must remain enabled if the LPTMRX is to
continue operating in all required low-power modes.

MCGIRCLK
LPO
ERCLK32K
OSCERCLK

/1

LPTMRx_PSR[PCS]

LPTMRx prescaler/glitch
filter clock

Figure 5-5. LPTMRXx prescaler/glitch filter clock generation
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5.7.7 Ethernet Clocking

e The RMII clock source can be OSCERCLK or ENET 1588 CLKIN

e The MII clocks are supplied from pins and must be 25 MHz

» The IEEE 1588 timestamp clock can run up to 120 MHz, if generated from internal
clock sources. Its period must be an integer number of nanoseconds (eg: 10ns = 100
MHz, 15ns = 66.67 MHz, 20ns = 50 MHz). Its clock source is chosen as shown in
the following figure.

Core / System
clock

MCGPLLCLK or
MCGFLLCLK
Ethernet IEEE 1588

timestamp clock
OSCERCLK ———

ENET_1588_CLKIN

SIM_SOPT2[TIMESRC]
Figure 5-6. Ethernet IEEE1588 timestamp clock generation

5.7.8 USB FS OTG Controller clocking

The USB FS OTG controller is a bus master attached to the crossbar switch. As such, it
uses the system clock.

NOTE
For the USB FS OTG controller to operate, the minimum
system clock frequency is 20 MHz.

The USB OTG controller also requires a 48 MHz clock. The clock source options are
shown below.
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USB_CLKIN
> USB 48MHz
MCGFLLCLK \ SIM_CLKDIV2
MCGPLLCLK [USBFRAC, USBDIV]
IRC48MCLK ——>
SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[USBSRC]

Figure 5-7. USB 48 MHz clock source

NOTE
The MCGFLLCLK does not meet the USB jitter specifications
for certification.

5.7.9 FlexCAN clocking

The clock for the FlexCAN's protocol engine can be selected as shown in the following
figure.

OSCERCLK ——

FlexCAN clock

Bus clock ————

|

CANx_CTRL1[CLKSRC]
Figure 5-8. FlexCAN clock generation

5.7.10 UART clocking

UARTO and UART1 modules operate from the core/system clock, which provides higher
performance level for these modules. All other UART modules operate from the bus
clock.
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5.7.11 SDHC clocking

The SDHC module has four possible clock sources for the external clock source, as
shown in the following figure.
Core / system clock ———>

MCGPLLCLK or
MCGFLLCLK

RS

—— SDHC clock
OSCERCLK —

SDHCO_CLKIN

|

SIM_SOPT2[SDHCSRC]
Figure 5-9. SDHC clock generation

5.7.12 12S/SAl clocking

The audio master clock (MCLK) is used to generate the bit clock when the receiver or
transmitter is configured for an internally generated bit clock. The audio master clock can
also be output to or input from a pin. The transmitter and receiver have the same audio
master clock inputs.

Each SAI peripheral can control the input clock selection, pin direction and divide ratio
of one audio master clock.

The I?S/SAI transmitter and receiver support asynchronous bit clocks (BCLKs) that can
be generated internally from the audio master clock or supplied externally. The module
also supports the option for synchronous operation between the receiver and transmitter
product.

The transmitter and receiver can independently select between the bus clock and the
audio master clock to generate the bit clock.

The MCLK and BCLK source options appear in the following figure.
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Clock Generation MCLK_OUT 12S/SAl
128x_TCR2/RCR2 BCLK_OUT
MCGPLLCLK 12) Fractional 1 Bit
OSCOERCLK —o1 Clock ™ | MoLK " clock
SYSCLK —09 Divider MCLK_IN —{o BUSCLK—{og) | Divider BCLK IN B EEER
MSEL] [DIV] [BCD]
128x_MCR[MOE]
128x_MDR[FRACT,DIVIDE]
128x_MCRIMICS]

Figure 5-10. I2S/SAI clock generation
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Chapter 6
Reset and Boot

6.1 Introduction

The following reset sources are supported in this MCU:

Table 6-1. Reset sources

Reset sources Description
POR reset

System resets

Power-on reset (POR)

External pin reset (PIN)

Low-voltage detect (LVD)

Computer operating properly (COP) watchdog reset
Low leakage wakeup (LLWU) reset

Multipurpose clock generator loss of clock (LOC) reset
Multipurpose clock generator loss of lock (LOL) reset
Stop mode acknowledge error (SACKERR)

Software reset (SW)

Lockup reset (LOCKUP)

EzPort reset

MDM DAP system reset

JTAG reset
¢ NnTRST reset

Debug reset

Each of the system reset sources has an associated bit in the system reset status (SRS)
registers. See the Reset Control Module for register details.

The MCU exits reset in functional mode that is controlled by EZP_CS pin to select
between the single chip (default) or serial flash programming (EzPort) modes. See Boot
options for more details.
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6.2 Reset

This section discusses basic reset mechanisms and sources. Some modules that cause
resets can be configured to cause interrupts instead. Consult the individual peripheral
chapters for more information.

6.2.1 Power-on reset (POR)

When power is initially applied to the MCU or when the supply voltage drops below the
power-on reset re-arm voltage level (Vpgr), the POR circuit causes a POR reset
condition.

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply has
risen above the LVD low threshold (Vi ypr,).- The POR and LVD bits in SRSO register are
set following a POR.

6.2.2 System reset sources

Resetting the MCU provides a way to start processing from a known set of initial
conditions. System reset begins with the on-chip regulator in full regulation and system
clocking generation from an internal reference. When the processor exits reset, it
performs the following:

e Reads the start SP (SP_main) from vector-table offset O

* Reads the start PC from vector-table offset 4

e | R is set to OxFFFF_FFFF

The on-chip peripheral modules are disabled and the non-analog I/O pins are initially
configured as disabled. The pins with analog functions assigned to them default to their
analog function after reset.

During and following a reset, the JTAG pins have their associated input pins configured
as:

e TDI in pull-up (PU)
e TCK in pull-down (PD)
 TMS in PU

and associated output pin configured as:

* TDO with no pull-down or pull-up
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Chapter 6 Reset and Boot
Note that the n'TRST signal is initially configured as disabled, however once configured
to its JTAG functionality its associated input pin is configured as:

 nTRST in PU

6.2.2.1 External pin reset (PIN)

On this device, RESET is a dedicated pin. This pin is open drain and has an internal
pullup device. Asserting RESET wakes the device from any mode. During a pin reset, the
RCM's SRSO[PIN] bit is set.

6.2.2.1.1 Reset pin filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. A separate filter is implemented for each clock source. In stop and VLPS mode
operation, this logic either switches to bypass operation or has continued filtering

operation depending on the filtering mode selected. In low leakage stop modes, a separate
LPO filter in the LLWU can continue filtering the RESET pin.

The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields in the
reset control (RCM) register set control this functionality; see the RCM chapter. The

filters are asynchronously reset by Chip POR. The reset value for each filter assumes the
RESET pin is negated.

The two clock options for the RESET pin filter when the chip is not in low leakage
modes are the LPO (1 kHz) and bus clock. For low leakage modes VLLS3, VLLS?2,
VLLS1, VLLSO, the LLWU provides control (in the LLWU_RST register) of an optional
fixed digital filter running the LPO. When entering VLLSO0, the RESET pin filter is
disabled and bypassed.

The LPO filter has a fixed filter value of 3. Due to a synchronizer on the input data, there
1s also some associated latency (2 cycles). As a result, 5 cycles are required to complete a
transition from low to high or high to low.

The bus filter initializes to off (logic 1) when the bus filter is not enabled. The bus clock
1s used when the filter selects bus clock, and the number of counts is controlled by the
RCM's RPFW[RSTFLTSEL] field.
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6.2.2.2 Low-voltage detect (LVD)

The chip includes a system for managing low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in normal run, wait, or stop mode. The LVD
system is disabled when entering VLPx, LLS, or VLLSx modes.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting the PMC's LVDSCI1[LVDRE] bit to 1. The low voltage detection threshold is
determined by the PMC's LVDSCI1[LVDV] field. After an LVD reset has occurred, the
LVD system holds the MCU in reset until the supply voltage has risen above the low
voltage detection threshold. The RCM's SRSO[LVD] bit is set following either an LVD
reset or POR.

6.2.2.3 Computer operating properly (COP) watchdog timer

The computer operating properly (COP) watchdog timer (WDOG) monitors the operation
of the system by expecting periodic communication from the software. This
communication is generally known as servicing (or refreshing) the COP watchdog. If this
periodic refreshing does not occur, the watchdog issues a system reset. The COP reset
causes the RCM's SRSO[WDOG] bit to set.

6.2.2.4 Low leakage wakeup (LLWU)

The LLWU module provides the means for a number of external pins, the RESET pin,
and a number of internal peripherals to wake the MCU from low leakage power modes.
The LLWU module is functional only in low leakage power modes.

e In LLS mode, only the RESET pin via the LLWU can generate a system reset.
e In VLLSx modes, all enabled inputs to the LLWU can generate a system reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.

NOTE
Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral chapters for more information.
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6.2.2.5 Multipurpose clock generator loss-of-clock (LOC)
The MCG module supports an external reference clock.

If the C6|CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fioc jow OT fioc_nigh, @s controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE
To prevent unexpected loss of clock reset events, all clock
monitors should be disabled before entering any low power
modes, including VLPR and VLPW.

6.2.2.6 MCG loss-of-lock (LOL) reset

The MCG includes a PLL loss-of-lock detector. The detector is enabled when configured
for PEE and lock has been achieved. If the MCG_CS8[LOLRE] bit in the MCG module is
set and the PLL lock status bit (MCG_S[LOLSO0]) becomes set, the MCU resets. The
RCM_SRSO[LOL] bit is set to indicate this reset source.

NOTE
This reset source does not cause a reset if the chip is in any stop
mode.

6.2.2.7 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter stop mode, but not all modules
acknowledge stop mode within 1025 cycles of the 1 kHz LPO clock.

A module might not acknowledge the entry to stop mode if an error condition occurs. The
error can be caused by a failure of an external clock input to a module.

6.2.2.8 Software reset (SW)

The SYSRESETREQ bit in the NVIC application interrupt and reset control register can
be set to force a software reset on the device. (See ARM's NVIC documentation for the
full description of the register fields, especially the VECTKEY field requirements.)
Setting SYSRESETREQ generates a software reset request. This reset forces a system
reset of all major components except for the debug module. A software reset causes the
RCM's SRS1[SW] bit to set.
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6.2.2.9 Lockup reset (LOCKUP)

The LOCKUP gives immediate indication of seriously errant kernel software. This is the
result of the core being locked because of an unrecoverable exception following the
activation of the processor’s built in system state protection hardware.

The LOCKUP condition causes a system reset and also causes the RCM's
SRS1[LOCKUP] bit to set.

6.2.2.10 EzPort reset

The EzPort supports a system reset request via EzPort signaling. The EzPort generates a
system reset request following execution of a Reset Chip (RESET) command via the
EzPort interface. This method of reset allows the chip to boot from flash memory after it
has been programmed by an external source. The EzPort is enabled or disabled by the
EZP_CS pin.

An EzPort reset causes the RCM's SRS1[EZPT] bit to set.

6.2.2.11 MDM-AP system reset request

Set the system reset request bit in the MDM-AP control register to initiate a system reset.
This is the primary method for resets via the JTAG/SWD interface. The system reset is
held until this bit is cleared.

Set the core hold reset bit in the MDM-AP control register to hold the core in reset as the
rest of the chip comes out of system reset.

6.2.3 MCU Resets

A variety of resets are generated by the MCU to reset different modules.

6.2.3.1 VBAT POR

The VBAT POR asserts on a VBAT POR reset source. It affects only the modules within
the VBAT power domain: RTC and VBAT Register File. These modules are not affected
by the other reset types.
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6.2.3.2 POR Only

The POR Only reset asserts on the POR reset source only. It resets the PMC and System
Register File.

The POR Only reset also causes all other reset types (except VBAT POR) to occur.

6.2.3.3 Chip POR not VLLS

The Chip POR not VLLS reset asserts on POR and LVD reset sources. It resets parts of
the SMC and SIM. It also resets the LPTMR.

The Chip POR not VLLS reset also causes these resets to occur: Chip POR, Chip Reset
not VLLS, and Chip Reset (including Early Chip Reset).

6.2.3.4 Chip POR

The Chip POR asserts on POR, LVD, and VLLS Wakeup reset sources. It resets the
Reset Pin Filter registers and parts of the SIM and MCG.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.

6.2.3.5 Chip Reset not VLLS

The Chip Reset not VLLS reset asserts on all reset sources except a VLLS Wakeup that
does not occur via the RESET pin. It resets parts of the SMC, LLWU, and other modules
that remain powered during VLLS mode.

The Chip Reset not VLLS reset also causes the Chip Reset (including Early Chip Reset)
to occur.

6.2.3.6 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module.
It negates before flash memory initialization begins ("earlier" than when the Chip Reset
negates).
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6.2.3.7 Chip Reset

Chip Reset asserts on all reset sources and only negates after flash initialization has
completed and the RESET pin has also negated. It resets the remaining modules (the
modules not reset by other reset types).

6.2.4 Reset Pin

For all reset sources except a VLLS Wakeup that does not occur via the RESET pin, the
RESET pin is driven low by the MCU for at least 128 bus clock cycles and until flash
initialization has completed.

After flash initialization has completed, the RESET pin is released, and the internal Chip
Reset negates after the RESET pin is pulled high. Keeping the RESET pin asserted
externally delays the negation of the internal Chip Reset.

6.2.5 Debug resets

The following sections detail the debug resets available on the device.

6.2.5.1 JTAG reset

The JTAG module generate a system reset when certain IR codes are selected. This
functional reset is asserted when EzPort, EXTEST, HIGHZ and CLAMP instructions are
active. The reset source from the JTAG module is released when any other IR code is
selected. A JTAG reset causes the RCM's SRS1[JTAG] bit to set.

6.2.5.2 nTRST reset

The nTRST pin causes a reset of the JTAG logic when asserted. Asserting the nTRST pin
allows the debugger to gain control of the TAP controller state machine (after exiting
LLS or VLLSx) without resetting the state of the debug modules.

The nTRST pin does not cause a system reset.
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6.2.5.3 Resetting the Debug subsystem

Use the CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register to reset the debug
modules. However, as explained below, using the CDBGRSTREQ bit does not reset all
debug-related registers.

CDBGRSTREQ resets the debug-related registers within the following modules:

 SWIJ-DP

« AHB-AP

« ETM

» ATB replicators

* ATB upsizers

* ATB funnels

« ETB

« TPIU

e MDM-AP (MDM control and status registers)
* MCM (ETB “Almost Full” logic)

CDBGRSTREQ does not reset the debug-related registers within the following modules:

* CM4 core (core debug registers: DHCSR, DCRSR, DCRDR, DEMCR)
 FPB

e« DWT

o ITM

e NVIC

e Crossbar bus switch!

« AHB-AP!

* Private peripheral bus!

6.3 Boot

This section describes the boot sequence, including sources and options.

6.3.1 Boot sources

This device only supports booting from internal flash. Any secondary boot must go
through an initialization sequence in flash.

1. CDBGRSTREQ does not affect AHB resources so that debug resources on the private peripheral bus are available
during System Reset.
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6.3.2 Boot options

The device's functional mode is controlled by the state of the EzPort chip select
(EZP_CS) pin during reset.

The device can be in single chip (default) or serial flash programming mode (EzPort).
While in single chip mode the device can be in run or various low power modes
mentioned in Power mode transitions.

Table 6-2. Mode select decoding

EzPort chip select (EZP_CS) Description
0 Serial flash programming mode (EzPort)

Single chip (default)

6.3.3 FOPT boot options

The flash option register (FOPT) in the flash memory module allows the user to
customize the operation of the MCU at boot time. The register contains read-only bits
that are loaded from the NVM's option byte in the flash configuration field. The user can
reprogram the option byte in flash to change the FOPT values that are used for
subsequent resets. For more details on programming the option byte, refer to the flash
memory chapter.

The MCU uses the FOPT register bits to configure the device at reset as shown in the
following table.

Table 6-3. Flash Option Register Bit Definitions

Bit Field Value Definition
Num

7-3 Reserved Reserved for future expansion.
2 NMI_DIS Enable/disable control for the NMI function.

0 NMI interrupts are always blocked. The associated pin continues to default to NMI
pin controls with internal pullup enabled.

1 NMI pin/interrupts reset default to enabled.
1 EZPORT_DIS Enable/disable EzPort function.

0 EzPort operation is disabled. The device always boots to normal CPU execution
and the state of EZP_CS signal during reset is ignored. This option avoids
inadvertent resets into EzPort mode if the EZP_CS/NMI pin is used for its NMI
function.

Table continues on the next page...
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Table 6-3. Flash Option Register Bit Definitions (continued)

Bit Field Value Definition
Num
1 EzPort operation is enabled. The state of EZP_CS pin during reset determines if
device enters EzPort mode.
0 LPBOOT Control the reset value of OUTDIVx values in SIM_CLKDIV1 register. Larger divide value

selections produce lower average power consumption during POR, VLLSx recoveries and
reset sequencing and after reset exit.

0 Low-power boot: OUTDIVx values in SIM_CLKDIV1 register are auto-configured at
reset exit for higher divide values that produce lower power consumption at reset
exit.
* Core and system clock divider (OUTDIV1) and bus clock divider (OUTDIV2)
are 0x7 (divide by 8)
* Flash clock divider (OUTDIV4) and FlexBus clock divider (OUTDIV3) are OxF
(divide by 16)

1 Normal boot: OUTDIVx values in SIM_CLKDIV1 register are auto-configured at
reset exit for higher frequency values that produce faster operating frequencies at
reset exit.

¢ Core and system clock divider (OUTDIV1) and bus clock divider (OUTDIV2)
are 0x0 (divide by 1)

* Flash clock divider (OUTDIV4) and FlexBus clock divider (OUTDIV3) are 0x1
(divide by 2)

6.3.4 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
is above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Mode Controller reset logic then controls a sequence to exit reset.

1.

2.

A system reset 1s held on internal logic, the RESET pin is driven out low, and the
MCQG is enabled in its default clocking mode.

Required clocks are enabled (Core Clock, System Clock, Flash Clock, and any Bus
Clocks that do not have clock gate control).

The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Mode Control logic
continues to drive the RESET pin out low for a count of ~128 Bus Clock cycles.

. The RESET pin is released, but the system reset of internal logic continues to be held

until the Flash Controller finishes initialization. EzPort mode is selected instead of
the normal CPU execution if EZP_CS is low when the internal reset is deasserted.
EzPort mode can be disabled by programming the FOPT[EZPORT_DIS] field in the
Flash Memory module.

When Flash Initialization completes, the RESET pin is observed. If RESET
continues to be asserted (an indication of a slow rise time on the RESET pin or
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7.

external drive in low), the system continues to be held in reset. Once the RESET pin
1s detected high, the system is released from reset.

At release of system reset, clocking is switched to a slow clock if the
FOPT[LPBOOT] field in the Flash Memory module is configured for Low Power
Boot

When the system exits reset, the processor sets up the stack, program counter (PC),
and link register (LR). The processor reads the start SP (SP_main) from vector-table
offset 0. The core reads the start PC from vector-table offset 4. LR is set to
OxFFFF_FFFF. What happens next depends on the NMI input and the
FOPT[NMI_DIS] field in the Flash Memory module:

e If the NMI input is high or the NMI function is disabled in the NMI_DIS field,
the CPU begins execution at the PC location.

e If the NMI input is low and the NMI function is enabled in the NMI_DIS field,
this results in an NMI interrupt. The processor executes an Exception Entry and
reads the NMI interrupt handler address from vector-table offset 8. The CPU
begins execution at the NMI interrupt handler.

If FlexN'VM is enabled, the flash controller continues to restore the FlexXNVM data.
This data is not available immediately out of reset and the system should not access
this data until the flash controller completes this initialization step as indicated by the
EEERDY flag.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.
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Chapter 7
Power Management

7.1 Introduction

This chapter describes the various chip power modes and functionality of the individual
modules in these modes.

7.2 Power Modes Description

The power management controller (PMC) provides multiple power options to allow the
user to optimize power consumption for the level of functionality needed.

Depending on the stop requirements of the user application, a variety of stop modes are
available that provide state retention, partial power down or full power down of certain
logic and/or memory. I/O states are held in all modes of operation. The following table
compares the various power modes available.

For Run and VLPR mode there is a corresponding wait and stop mode. Wait modes are
similar to ARM sleep modes. Stop modes (VLPS, STOP) are similar to ARM sleep deep
mode. The very low power run (VLPR) operating mode can drastically reduce runtime
power when the maximum bus frequency is not required to handle the application needs.

The three primary modes of operation are run, wait and stop. The WFI instruction
invokes both wait and stop modes for the chip. The primary modes are augmented in a
number of ways to provide lower power based on application needs.

Table 7-1. Chip power modes

Chip mode Description Core mode Normal
recovery
method
Normal run | Allows maximum performance of chip. Default mode out of reset; on- Run
chip voltage regulator is on.

Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Chip mode | Description Core mode Normal
recovery
method
Normal Wait - | Allows peripherals to function while the core is in sleep mode, reducing Sleep Interrupt
via WFI power. NVIC remains sensitive to interrupts; peripherals continue to be
clocked.
Normal Stop - |Places chip in static state. Lowest power mode that retains all registers | Sleep Deep Interrupt
via WFI while maintaining LVD protection. NVIC is disabled; AWIC is used to
wake up from interrupt; peripheral clocks are stopped.
VLPR (Very Low | On-chip voltage regulator is in a low power mode that supplies only Run Interrupt
Power Run) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (0.8 MHz); LVD off; internal oscillator
provides a low power 4 MHz source for the core, the bus and the
peripheral clocks.
VLPW (Very |Same as VLPR but with the core in sleep mode to further reduce Sleep Interrupt
Low Power |power; NVIC remains sensitive to interrupts (FCLK = ON). On-chip
Wait) -via WFI |voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency.
VLPS (Very Low |Places chip in static state with LVD operation off. Lowest power mode Sleep Deep Interrupt
Power Stop)-via |with ADC and pin interrupts functional. Peripheral clocks are stopped,
WFI but LPTimer, RTC, CMP, DAC can be used. NVIC is disabled (FCLK =
OFF); AWIC is used to wake up from interrupt. On-chip voltage
regulator is in a low power mode that supplies only enough power to
run the chip at a reduced frequency. All SRAM is operating (content
retained and I/O states held).
LLS (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop) |mode (with clocks stopped), but LLWU, LPTimer, RTC, CMP, DAC can Interrupt!
be used. NVIC is disabled; LLWU is used to wake up.
NOTE: The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit stop mode on an LLS recovery.
All SRAM is operating (content retained and I/O states held).
VLLS3 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop3) used to wake up.
SRAM_U and SRAM_L remain powered on (content retained and I/O
states held).
VLLS2 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop2) used to wake up.
SRAM_L is powered off. A portion of SRAM_U remains powered on
(content retained and I/O states held).
VLLS1 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop1) used to wake up.
All of SRAM_U and SRAM_L are powered off. The 32-byte system
register file and the 32-byteVBAT register file remain powered for
customer-critical data.
Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Chip mode | Description Core mode Normal
recovery
method

VLLSO (Very |Most peripherals are disabled (with clocks stopped), but LLWU and Sleep Deep Wakeup Reset?

Low Leakage |RTC can be used. NVIC is disabled; LLWU is used to wake up.

Stop 0) All of SRAM_U and SRAM_L are powered off. The 32-byte system
register file and the 32-byte VBAT register file remain powered for
customer-critical data.
The POR detect circuit can be optionally powered off.
BAT (backup |The chip is powered down except for the VBAT supply. The RTC and Off Power-up
battery only) |the 32-byte VBAT register file for customer-critical data remain Sequence

powered.

1. Resumes normal run mode operation by executing the LLWU interrupt service routine.
2. Follows the reset flow with the LLWU interrupt flag set for the NVIC.

7.3 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt. The Nested Vectored Interrupt Controller (NVIC)
describes interrupt operation and what peripherals can cause interrupts.

NOTE
The WEFE instruction can have the side effect of entering a low-
power mode, but that is not its intended usage. See ARM
documentation for more on the WFE instruction.

Recovery from VLLSx is through the wake-up Reset event. The chip wake-ups from
VLLSx by means of reset, an enabled pin or enabled module. See the table "LLWU
inputs" in the LLWU configuration section for a list of the sources.

The wake-up flow from VLLSX is through reset. The wakeup bit in the SRS registers in
the RCM is set indicating that the chip is recovering from a low power mode. Code
execution begins; however, the I/O pins are held in their pre low power mode entry
states, and the system oscillator and MCG registers are reset (even if EREFSTEN had
been set before entering VLLSx). Software must clear this hold by writing a 1 to the
ACKISO bit in the Regulator Status and Control Register in the PMC module.

NOTE
To avoid unwanted transitions on the pins, software must re-
initialize the I/O pins to their pre-low-power mode entry states
before releasing the hold.
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If the oscillator was configured to continue running during VLLSX modes, it must be re-
configured before the ACKISO bit is cleared. The oscillator configuration within the
MCAG is cleared after VLLSx recovery and the oscillator will stop when ACKISO is
cleared unless the register is re-configured.

The IRC48MCLK is not forced disabled in Stop modes and should be disabled by
software prior to Stop mode entry unless it is required. The IRC48MCLK is not forced
disabled in VLPR and should be disabled by software prior to VLPR entry.

7.4 Power mode transitions

The following figure shows the power mode transitions. Any reset always brings the chip
back to the normal run state. In run, wait, and stop modes active power regulation is
enabled. The VLPx modes offer a lower power operating mode than normal modes.
VLPR and VLPW are limited in frequency. The LLS and VLLSx modes are the lowest
power stop modes based on amount of logic or memory that is required to be retained by
the application.
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Figure 7-1. Power mode state transition diagram

7.5 Power modes shutdown sequencing

When entering stop or other low-power modes, the clocks are shut off in an orderly
sequence to safely place the chip in the targeted low-power state. All low-power entry
sequences are initiated by the core executing an WFI instruction. The ARM core's
outputs, SLEEPDEEP and SLEEPING, trigger entry to the various low-power modes:

e System level wait and VLPW modes equate to: SLEEPING & SLEEPDEEP
» All other low power modes equate to: SLEEPING & SLEEPDEEP

When entering the non-wait modes, the chip performs the following sequence:
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e Shuts off Core Clock and System Clock to the ARM Cortex-M4 core immediately.

* Polls stop acknowledge indications from the non-core crossbar masters (DMA,
Ethernet), supporting peripherals (SPI, PIT, RNG) and the Flash Controller for
indications that System Clocks, Bus Clock and/or Flash Clock need to be left enabled
to complete a previously initiated operation, effectively stalling entry to the targeted
low power mode. When all acknowledges are detected, System Clock, Bus Clock
and Flash Clock are turned off at the same time.

* MCG and Mode Controller shut off clock sources and/or the internal supplies driven
from the on-chip regulator as defined for the targeted low power mode.

In wait modes, most of the system clocks are not affected by the low power mode entry.
The Core Clock to the ARM Cortex-M4 core is shut off. Some modules support stop-in-
wait functionality and have their clocks disabled under these configurations.

The debugger modules support a transition from stop, wait, VLPS, and VLPW back to a
halted state when the debugger is enabled. This transition is initiated by setting the Debug
Request bit in MDM-AP control register. As part of this transition, system clocking is re-
established and is equivalent to normal run/VLPR mode clocking configuration.

7.6 Module Operation in Low Power Modes

The following table illustrates the functionality of each module while the chip is in each
of the low power modes. (Debug modules are discussed separately; see Debug in Low
Power Modes.) Number ratings (such as 2 MHz and 1 Mbit/s) represent the maximum
frequencies or maximum data rates per mode. Also, these terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.

* static = Module register states and associated memories are retained.

* powered = Memory is powered to retain contents.

* low power = Flash has a low power state that retains configuration registers to
support faster wakeup.

* OFF = Modules are powered off; module is in reset state upon wakeup.

» wakeup = Modules can serve as a wakeup source for the chip.

Table 7-2. Module operation in low power modes

Modules | Stop | VLPR | VLPW | VLPS | LLS | VLLSx
Core modules
NVIC | static | FF | FF | static | static | OFF
System modules
Mode Controller | FF | FF | FF | FF | FF | FF

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules Stop VLPR VLPW VLPS LLS VLLSx
LLwu? static static static static FF FF
Regulator ON low power low power low power low power low power in

VLLS2/3, OFF in
VLLS0/1
LVD ON disabled disabled disabled disabled disabled
Brown-out ON ON ON ON ON ONin
Detection VLLS1/2/3,
optionally
disabled in
VLLS0?
DMA static FF FF static static OFF
Watchdog FF FF FF FF static OFF
EWM static FF static static static OFF
Clocks
1kHz LPO ON ON ON ON ON ONin
VLLS1/2/3, OFF
in VLLSO
System OSCERCLK OSCERCLK OSCERCLK OSCERCLK limited to low limited to low
oscillator (OSC) optional max of 4 MHz max of 4 MHz max of 4 MHz | range/low power | range/low power
crystal crystal crystal in VLLS1/2/3,
OFF in VLLSO
MCG static - 4 MHz IRC 4 MHz IRC static - no clock | static - no clock OFF
MCGIRCLK output output
optional; PLL
optionally on but
gated
IRC 48MHz IRC48MCLK MUST TURN MUST TURN OFF OFF OFF
clock® optional OFF OFF
Core clock OFF 4 MHz max OFF OFF OFF OFF
System clock OFF 4 MHz max OFF OFF OFF OFF
Bus clock OFF 4 MHz max 4 MHz max OFF OFF OFF
Memory and memory interfaces
Flash powered max access - no low power low power OFF OFF
pgm
Portion of low power low power low power low power low power low power in
SRAM_U* VLLS3,2;
otherwise OFF
Remaining low power low power low power low power low power low power in
SRAM_U and all VLLSS;
of SRAM_L otherwise OFF
FlexMemory low power low power® low power low power low power OFF
VBAT Register powered powered powered powered powered powered
file®
System Register powered powered powered powered powered powered
files
FlexBus static FF FF static static OFF
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules Stop VLPR VLPW VLPS LLS VLLSXx
EzPort disabled disabled disabled disabled disabled disabled
Communication interfaces
USB FS/LS static static static static static OFF
USB DCD static FF FF static static OFF
USB Voltage optional optional optional optional optional optional
Regulator
Ethernet wakeup static static static static OFF
UART static, wakeup 125 kbit/s 125 kbit/s static, wakeup static OFF
on edge on edge
SPI static 1 Mbit/s 1 Mbit/s static static OFF
[2C static, address 100 kbit/s 100 kbit/s static, address static OFF
match wakeup match wakeup
CAN wakeup 256 kbit/s 256 kbit/s wakeup static OFF
12S FF with external FF FF FF with external static OFF
clock’ clock’
SDHC wakeup FF FF wakeup static OFF
Security
CRC static FF FF static static OFF
RNG static FF static static static OFF
Timers
FTM static FF FF static static OFF
PIT static FF FF static static OFF
PDB static FF FF static static OFF
LPTMR FF FF FF FF FF FF8
RTC - 32kHz FF FF FF FF FF® FF®
oscst
CMT static FF FF static static OFF
Analog
16-bit ADC ADC internal FF FF ADC internal static OFF
clock only clock only
CMP10 HS or LS level FF FF HS or LS level LS level LS level
compare compare compare compare in
VLLS1/2/3, OFF
in VLLSO
6-bit DAC static FF FF static static static
VREF FF FF FF FF static OFF
12-bit DAC static FF FF static static static
Human-machine interfaces
GPIO wakeup FF FF wakeup static, pins OFF, pins
latched latched

1. Using the LLWU module, the external pins available for this chip do not require the associated peripheral function to be
enabled. It only requires the function controlling the pin (GPIO or peripheral) to be configured as an input to allow a

transition to occur to the LLWU.
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2. The VLLSCTRL[PORPOQ] bit in the SMC module controls this option.

3. IRC48MCLK is not forced disabled in Stop modes and should be disabled by software prior to Stop mode entry unless it is

required. IRC48MCLK is not forced disabled in VLPR and should be disabled by software prior to VLPR entry

A 32 KB portion of SRAM_U block is left powered on in low power mode VLLS2.

FlexRAM enabled as EEPROM is not writable in VLPR and writes are ignored. Read accesses to FlexRAM as EEPROM

while in VLPR are allowed. There are no access restrictions for FlexRAM configured as traditional RAM.

These components remain powered in BAT power mode.

Use an externally generated bit clock or an externally generated audio master clock (including EXTAL).

System OSC and LPO clock sources are not available in VLLSO

RTC_CLKOUT is not available.

0. CMP in stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in LLS
or VLLSx only supports low speed external pin to pin or external pin to DAC compares. Windowed, sampled & filtered
modes of operation are not available while in stop, VLPS, LLS, or VLLSx modes.

oA

ScooeNOS

7.7 Clock Gating

To conserve power, the clocks to most modules can be turned off using the SCGCx
registers in the SIM module. These bits are cleared after any reset, which disables the
clock to the corresponding module. Prior to initializing a module, set the corresponding
bit in the SCGCx register to enable the clock. Before turning off the clock, make sure to
disable the module. For more details, refer to the clock distribution and SIM chapters.
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Chapter 8
Security

8.1 Introduction

This device implements security based on the mode selected from the flash module. The
following sections provide an overview of flash security and details the effects of security
on non-flash modules.

8.2 Flash Security

The flash module provides security information to the MCU based on the state held by
the FSEC[SEC] bits. The MCU, in turn, confirms the security request and limits access to
flash resources. During reset, the flash module initializes the FSEC register using data
read from the security byte of the flash configuration field.

NOTE
The security features apply only to external accesses via debug
and EzPort. CPU accesses to the flash are not affected by the
status of FSEC.

In the unsecured state all flash commands are available to the programming interfaces
(JTAG and EzPort), as well as user code execution of Flash Controller commands. When
the flash is secured (FSEC[SEC] = 00, 01, or 11), programmer interfaces are only
allowed to launch mass erase operations and have no access to memory locations.

Further information regarding the flash security options and enabling/disabling flash
security is available in the Flash Memory Module.
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8.3 Security Interactions with other Modules

The flash security settings are used by the SoC to determine what resources are available.
The following sections describe the interactions between modules and the flash security
settings or the impact that the flash security has on non-flash modules.

8.3.1 Security interactions with FlexBus

When flash security is enabled, SIM_SOPT2[FBSL] enables/disables off-chip accesses
through the FlexBus interface. The FBSL bitfield also has an option to allow opcode and
operand accesses or only operand accesses.

8.3.2 Security Interactions with EzPort

When flash security 1s active the MCU can still boot in EzPort mode. The EzPort holds
the flash logic in NVM special mode and thus limits flash operation when flash security
is active. While in EzPort mode and security is active, flash bulk erase (BE) can still be
executed. The write FCCOB registers (WRFCCOB) command is limited to the mass
erase (Erase All Blocks) and verify all 1s (Read Is All Blocks) commands. Read accesses
to internal memories via the EzPort are blocked when security is enabled.

The mass erase can be used to disable flash security, but all of the flash contents are lost
in the process. A mass erase via the EzPort is allowed even when some memory locations
are protected.

When mass erase has been disabled, mass erase via the EzPort is blocked and cannot be
defeated.

8.3.3 Security Interactions with Debug

When flash security is active the JTAG port cannot access the memory resources of the
MCU. Boundary scan chain operations work, but debugging capabilities are disabled so
that the debug port cannot read flash contents.

Although most debug functions are disabled, the debugger can write to the Flash Mass
Erase in Progress bit in the MDM-AP Control register to trigger a mass erase (Erase All
Blocks) command. A mass erase via the debugger is allowed even when some memory
locations are protected.
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When mass erase is disabled, mass erase via the debugger is blocked.
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Chapter 9
Debug

9.1 Introduction

This device's debug is based on the ARM coresight architecture and is configured in each
device to provide the maximum flexibility as allowed by the restrictions of the pinout and
other available resources.

Four debug interfaces are supported:

e IEEE 1149.1 JTAG

e IEEE 1149.7 JTAG (cJTAG)
 Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface

The basic Cortex-M4 debug architecture is very flexible. The following diagram shows
the topology of the core debug architecture and its components.
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Figure 9-1. Cortex-M4 Debug Topology

The following table presents a brief description of each one of the debug components.

Table 9-1. Debug Components Description

Module Description

SWJ-DP+ cJTAG Modified Debug Port with support for SWD, JTAG, cJTAG

AHB-AP AHB Master Interface from JTAG to debug module and SOC
system memory maps

MDM-AP Provides centralized control and status registers for an
external debugger to control the device.

ROM Table Identifies which debug IP is available.

Core Debug Singlestep, Register Access, Run, Core Status

CoreSight Trace Funnel (not shown in figure) The CSTF combines multiple trace streams onto a single ATB
bus.

CoreSight Trace Replicator (not shown in figure) The ATB replicator enables two trace sinks to be wired
together and operate from the same incoming trace stream.

ETM (Embedded Trace Macrocell) ETMv3.5 Architecture

CoreSight ETB (Embedded Trace Buffer) Memory mapped buffer used to store trace data.

™ S/W Instrumentation Messaging + Simple Data Trace
Messaging + Watchpoint Messaging

Table continues on the next page...
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Table 9-1. Debug Components Description (continued)

Module

Description

DWT (Data and Address Watchpoints)

4 data and address watchpoints

FPB (Flash Patch and Breakpoints)

The FPB implements hardware breakpoints and patches code
and data from code space to system space.

The FPB unit contains two literal comparators for matching
against literal loads from Code space, and remapping to a
corresponding area in System space.

The FBP also contains six instruction comparators for
matching against instruction fetches from Code space, and
remapping to a corresponding area in System space.
Alternatively, the six instruction comparators can individually
configure the comparators to return a Breakpoint Instruction
(BKPT) to the processor core on a match, so providing
hardware breakpoint capability.

TPIU (Trace Port Inteface Unit)

Synchronous Mode (5-pin) = TRACE_D[3:0] +
TRACE_CLKOUT

Synchronous Mode (3-pin) = TRACE_D[1:0] +
TRACE_CLKOUT

Asynchronous Mode (1-pin) = TRACE_SWO (available on
JTAG_TDO)

MCM (Miscellaneous Control Module)

The MCM provides miscellaneous control functions including
control of the ETB and trace path switching.

9.1.1 References

For more information on ARM debug components, see these documents:

e ARMvV7-M Architecture Reference Manual

* ARM Debug Interface v5.1

* ARM CoreSight Architecture Specification
* ARM ETM Architecture Specification v3.5

9.2 The Debug Port

The configuration of the cJTAG module, JTAG controller, and debug port is illustrated in

the following figure:
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Figure 9-2. Modified Debug Port

The debug port comes out of reset in standard JTAG mode and is switched into either
cJTAG or SWD mode by the following sequences. Once the mode has been changed,
unused debug pins can be reassigned to any of their alternative muxed functions.

9.2.1 JTAG-to-SWD change sequence

1. Send more than 50 TCK cycles with TMS (SWDIO) =1

2. Send the 16-bit sequence on TMS (SWDIO)=0111_1001_1110_0111 (MSB
transmitted first)

3. Send more than 50 TCK cycles with TMS (SWDIO) =1

NOTE
See the ARM documentation for the CoreSight DAP Lite for
restrictions.

9.2.2 JTAG-to-cJTAG change sequence
1. Reset the debug port
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2. Set the control level to 2 via zero-bit scans
3. Execute the Store Format (STFMT) command (00011) to set the scan format register
to 1149.7 scan format

9.3 Debug Port Pin Descriptions

The debug port pins default after POR to their JTAG functionality with the exception of
JTAG_TRST_b and can be later reassigned to their alternate functionalities. In cJTAG

and SWD modes JTAG_TDI and JTAG_TRST_b can be configured to alternate GPIO
functions.

Table 9-2. Debug port pins

Pin Name JTAG Debug Port ¢JTAG Debug Port SWD Debug Port Internal Pull-
up\Down
Type Description Type Description Type Description
JTAG_TMS/ |1/O JTAG Test I/0 cJTAG Data I/0 Serial Wire Pull-up
SWD_DIO Mode Data
Selection
JTAG_TCLK/ |l JTAG Test | cJTAG Clock | Serial Wire Pull-down
SWD_CLK Clock Clock
JTAG_TDI | JTAG Test Pull-up
Data Input
JTAG_TDO/ |O JTAG Test O Trace output O Trace output [N/C
TRACE_SWO Data Output over a single over a single
pin pin
JTAG_TRST_ |I JTAG Reset |l cJTAG Reset |- Pull-up
b

9.4 System TAP connection

The system JTAG controller is connected in parallel to the ARM TAP controller. The
system JTAG controller IR codes overlay the ARM JTAG controller IR codes without
conflict. Refer to the IR codes table for a list of the available IR codes. The output of the
TAPs (TDO) are muxed based on the IR code which is selected. This design is fully
JTAG compliant and appears to the JTAG chain as a single TAP. At power on reset,
ARM's IDCODE (IR=4'b1110) is selected.
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9.4.1 IR Codes
Table 9-3. JTAG Instructions

Instruction Code[3:0] Instruction Summary

IDCODE 0000 Selects device identification register for shift

SAMPLE/PRELOAD 0010 Selects boundary scan register for shifting, sampling, and
preloading without disturbing functional operation

SAMPLE 0011 Selects boundary scan register for shifting and sampling
without disturbing functional operation

EXTEST 0100 Selects boundary scan register while applying preloaded
values to output pins and asserting functional reset

HIGHZ 1001 Selects bypass register while three-stating all output pins and
asserting functional reset

CLAMP 1100 Selects bypass register while applying preloaded values to
output pins and asserting functional reset

EZPORT 1101 Enables the EZPORT function for the SoC and asserts
functional reset.

ARM_IDCODE 1110 ARM JTAG-DP Instruction

BYPASS 1111 Selects bypass register for data operations

Factory debug reserved 0101, 0110, 0111 Intended for factory debug only

ARM JTAG-DP Reserved 1000, 1010, 1011, 1110 | These instructions will go the ARM JTAG-DP controller.

Please look at ARM JTAG-DP documentation for more
information on these instructions.

Reserved 3 All other opcodes Decoded to select bypass register

3. The manufacturer reserves the right to change the decoding of reserved instruction codes in the future

9.5 JTAG status and control registers

Through the ARM Debug Access Port (DAP), the debugger has access to the status and
control elements, implemented as registers on the DAP bus as shown in the following
figure. These registers provide additional control and status for low power mode recovery
and typical run-control scenarios. The status register bits also provide a means for the
debugger to get updated status of the core without having to initiate a bus transaction
across the crossbar switch, thus remaining less intrusive during a debug session.

It is important to note that these DAP control and status registers are not memory mapped
within the system memory map and are only accessible via the Debug Access Port (DAP)
using JTAG, cJTAG, or SWD. The MDM-AP is accessible as Debug Access Port 1 with
the available registers shown in the table below.

Table 9-4. MDM-AP Register Summary

|Address | Register | Description

Table continues on the next page...
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Table 9-4. MDM-AP Register Summary (continued)

0x0100_0000 Status See MDM-AP Status Register

0x0100_0004 Control See MDM-AP Control Register

0x0100_00FC ID Read-only identification register that
always reads as 0x001C_0000

DPACC APACC A
Data[31:0] | A[3:2]|RnW| | Data[31:0] | A[3:2]|RnW|
o g o O
© © © ©
X X X X
S © & ©
g
o |5|€ o SWJ-DP
E) % g o '-E See the ARM Debug Interface v5p1 Supplement.
o |2|l=|lold
o [2lo|lom|8
o S =
alol|x
RN
122|355
HEEIE .
21|98 Generic
oljol<|x Debug Port
(DP) 4
]
¥
APSEL Data[31:0] | Al7:4] | A[3:21| Rnw|
Decode L ] “[ 1| Al:2] SELECT[31:24] (APSEL) selects the AP
| >Internal SELECT[7:4] (APBANKSEL) selects the bank
Bus
A[3:2] from the APACC selects the register
within the bank
Vv v \ 4 <
AHB-AP
- L
§ g g SELECT[31:24] = 0x00 selects the AHB-AP
AHB Access Port See ARM documentation for further details
AHB-. -
(B4R MDM-AP | | AccessMDM-AP
g g 5 Port SELECT[31:24] = 0x01 selects the MDM-AP
y SELECT[7:4] = 0x0 selects the bank with Status and Ctrl
p A[3:2] = 2'b00 selects the Status Register
A[3:2] = 2'b01 selects the Control Register
Bus Matrix - / SELECT[7:4] = OxF selects the bank with IDR

See Control and Satus Register A[3:2] = 2’b11 selects the IDR Register
Descriptions (IDR register reads 0x001C_0000)

Figure 9-3. MDM AP Addressing
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9.5.1 MDM-AP Control Register
Table 9-5. MDM-AP Control register assignments

Bit Name Secure! Description

0 |Flash Mass Erase in Progress Y Set to cause mass erase. Cleared by hardware after mass erase
operation completes.

When mass erase is disabled (via MEEN and SEC settings), the erase
request does not occur and the Flash Mass Erase in Progress bit
continues to assert until the next system reset.

1 |Debug Disable N Set to disable debug. Clear to allow debug operation. When set it
overrides the C_DEBUGEN bit within the DHCSR and force disables
Debug logic.

2 |Debug Request N Set to force the Core to halt.

If the Core is in a stop or wait mode, this bit can be used to wakeup the
core and transition to a halted state.

3 |System Reset Request N Set to force a system reset. The system remains held in reset until this
bit is cleared.

4 | Core Hold Reset N Configuration bit to control Core operation at the end of system reset
sequencing.

0 Normal operation - release the Core from reset along with the rest of
the system at the end of system reset sequencing.

1 Suspend operation - hold the Core in reset at the end of reset
sequencing. Once the system enters this suspended state, clearing
this control bit immediately releases the Core from reset and CPU
operation begins.

5 |VLLSx Debug Request N Set to configure the system to be held in reset after the next recovery
(VLLDBGREQ) from a VLLSx mode.

This bit holds the in reset when VLLSx modes are exited to allow the
debugger time to re-initialize debug IP before the debug session
continues.

The Mode Controller captures this bit logic on entry to VLLSx modes.
Upon exit from VLLSx modes, the Mode Controller will hold the in reset
until VLLDBGACK is asserted.

The VLLDBGREQ bit clears automatically due to the POR reset
generated as part of the VLLSx recovery.

6 |VLLSx Debug Acknowledge N Set to release a being held in reset following a VLLSx recovery

(VLLDBGACK) This bit is used by the debugger to release the system reset when it is

being held on VLLSx mode exit. The debugger re-initializes all debug
IP and then assert this control bit to allow the Mode Controller to
release the from reset and allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger or can be left set
because it clears automatically due to the POR reset generated as part
of the next VLLSx recovery.

7 |LLS, VLLSx Status Acknowledge |N Set this bit to acknowledge the DAP LLS and VLLS Status bits have
been read. This acknowledge automatically clears the status bits.

This bit is used by the debugger to clear the sticky LLS and VLLSx
mode entry status bits. This bit is asserted and cleared by the
debugger.

Table continues on the next page...
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Table 9-5. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

8 |Timestamp Disable N Set this bit to disable the 48-bit global trace timestamp counter during
debug halt mode when the core is halted.

0 The timestamp counter continues to count assuming trace is enabled
and the ETM is enabled. (default)

1 The timestamp counter freezes when the core has halted (debug halt
mode).

9 — |[Reserved for future use N
31

1. Command available in secure mode

9.5.2 MDM-AP Status Register
Table 9-6. MDM-AP Status register assignments

Bit Name Description

0 Flash Mass Erase Acknowledge The Flash Mass Erase Acknowledge bit is cleared after any system reset.
The bit is also cleared at launch of a mass erase command due to write of
Flash Mass Erase in Progress bit in MDM AP Control Register. The Flash
Mass Erase Acknowledge is set after Flash control logic has started the
mass erase operation.

When mass erase is disabled (via MEEN and SEC settings), an erase
request due to seting of Flash Mass Erase in Progress bit is not
acknowledged.

1 Flash Ready Indicate Flash has been initialized and debugger can be configured even if
system is continuing to be held in reset via the debugger.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This bit
indicates when the part is locked and no system bus access is possible.

3 System Reset Indicates the system reset state.
0 System is in reset

1 System is not in reset

Reserved
Mass Erase Enable Indicates if the MCU can be mass erased or not
0 Mass erase is disabled
1 Mass erase is enabled
6 Backdoor Access Key Enable Indicates if the MCU has the backdoor access key enabled.
0 Disabled
1 Enabled
7 LP Enabled Decode of LPLLSM control bits to indicate that VLPS, LLS, or VLLSx are

the selected power mode the next time the ARM Core enters Deep Sleep.

0 Low Power Stop Mode is not enabled

1 Low Power Stop Mode is enabled

Table continues on the next page...
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Table 9-6. MDM-AP Status register assignments (continued)

Bit Name Description

Usage intended for debug operation in which Run to VLPS is attempted.
Per debug definition, the system actually enters the Stop state. A
debugger should interpret deep sleep indication (with SLEEPDEEP and
SLEEPING asserted), in conjuntion with this bit asserted as the debugger-
VLPS status indication.

8 Very Low Power Mode Indicates current power mode is VLPx. This bit is not ‘sticky’ and should
always represent whether VLPx is enabled or not.

This bit is used to throttle JTAG TCK frequency up/down.

9 LLS Mode Exit This bit indicates an exit from LLS mode has occurred. The debugger will
lose communication while the system is in LLS (including access to this
register). Once communication is reestablished, this bit indicates that the
system had been in LLS. Since the debug modules held their state during
LLS, they do not need to be reconfigured.

This bit is set during the LLS recovery sequence. The LLS Mode Exit bit is
held until the debugger has had a chance to recognize that LLS was exited
and is cleared by a write of 1 to the LLS, VLLSx Status Acknowledge bit in
MDM AP Control register.

10 VLLSx Modes Exit This bit indicates an exit from VLLSx mode has occurred. The debugger
will lose communication while the system is in VLLSx (including access to
this register). Once communication is reestablished, this bit indicates that
the system had been in VLLSx. Since the debug modules lose their state
during VLLSx modes, they need to be reconfigured.

This bit is set during the VLLSx recovery sequence. The VLLSx Mode Exit
bit is held until the debugger has had a chance to recognize that a VLLS
mode was exited and is cleared by a write of 1 to the LLS, VLLSx Status
Acknowledge bit in MDM AP Control register.

11 - 15 |Reserved for future use Always read 0.
16 Core Halted Indicates the Core has entered debug halt mode
17 Core SLEEPDEEP Indicates the Core has entered a low power mode
18 Core SLEEPING SLEEPING==1 and SLEEPDEEP==0 indicates wait or VLPW mode.
SLEEPING==1 and SLEEPDEEP==1 indicates stop or VLPS mode.
19 -31 |Reserved for future use Always read 0.

9.6 Debug Resets

The debug system receives the following sources of reset:

e JTAG_TRST_b from an external signal. This signal is optional and may not be
available in all packages.

* Debug reset (CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register) in the
TCLK domain that allows the debugger to reset the debug logic.

» TRST asserted via the cJTAG escape command.

e System POR reset
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Conversely the debug system is capable of generating system reset using the following
mechanism:

* A system reset in the DAP control register which allows the debugger to hold the
system in reset.

* SYSRESETREQ bit in the NVIC application interrupt and reset control register

* A system reset in the DAP control register which allows the debugger to hold the
Core in reset.

9.7 AHB-AP

AHB-AP provides the debugger access to all memory and registers in the system,
including processor registers through the NVIC. System access is independent of the
processor status. AHB-AP does not do back-to-back transactions on the bus, so all
transactions are non-sequential. AHB-AP can perform unaligned and bit-band
transactions. AHB-AP transactions bypass the FPB, so the FPB cannot remap AHB-AP
transactions. SWJ/SW-DP-initiated transaction aborts drive an AHB-AP-supported
sideband signal called HABORT. This signal is driven into the Bus Matrix, which resets
the Bus Matrix state, so that AHB-AP can access the Private Peripheral Bus for last ditch
debugging such as read/stop/reset the core. AHB-AP transactions are little endian.

The MPU includes default settings and protections for the Region Descriptor 0 (RGDO)
such that the Debugger always has access to the entire address space and those rights
cannot be changed by the core or any other bus master.

For a short period at the start of a system reset event the system security status is being
determined and debugger access to all AHB-AP transactions is blocked. The MDM-AP
Status register is accessible and can be monitored to determine when this initial period is
completed. After this initial period, if system reset is held via assertion of the RESET pin,
the debugger has access via the bus matrix to the private peripheral bus to configure the
debug IP even while system reset is asserted. While in system reset, access to other
memory and register resources, accessed over the Crossbar Switch, is blocked.

9.8 ITM

The I'TM is an application-driven trace source that supports printf style debugging to
trace Operating System (OS) and application events, and emits diagnostic system
information. The I'TM emits trace information as packets. There are four sources that can
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generate packets. If multiple sources generate packets at the same time, the ITM
arbitrates the order in which packets are output. The four sources in decreasing order of
priority are:

1. Software trace -- Software can write directly to I'TM stimulus registers. This emits
packets.

2. Hardware trace -- The DWT generates these packets, and the ITM emits them.

3. Time stamping -- Timestamps are emitted relative to packets. The ITM contains a
21-bit counter to generate the timestamp. The Cortex-M4 clock or the bitclock rate of
the Serial Wire Viewer (SWV) output clocks the counter.

4. Global system timestamping. Timestamps can optionally be generated using a
system-wide 48-bit count value. The same count value can be used to insert
timestamps in the ETM trace stream, allowing coarse-grain correlation.

9.9 Core Trace Connectivity

9.10 Embedded Trace Macrocell v3.5 (ETM)

The Cortex-M4 Embedded Trace Macrocell (ETM-M4) is a debug component that
enables a debugger to reconstruct program execution. The CoreSight ETM-M4 supports
only instruction trace. You can use it either with the Cortex-M4 Trace Port Interface Unit
(M4-TPIU), or with the CoreSight ETB.

The main features of an ETM are:

e tracing of 16-bit and 32-bit Thumb instructions
four EmbeddedICE watchpoint inputs

a Trace Start/Stop block with EmbeddedICE inputs
one reduced function counter

two external inputs

a 24-byte FIFO queue

global timestamping
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9.11 Coresight Embedded Trace Buffer (ETB)

The ETB provides on-chip storage of trace data using 32-bit RAM. The ETB accepts
trace data from any CoreSight-compliant component trace source with an ATB master
port, such as a trace source or a trace funnel. It is included in this device to remove

dependencies from the trace pin pad speed, and enable low cost trace solutions. The
TraceRAM size is 2 KB.

ATB
ATB slave port il » Formatter >
Trace RAM >
1‘ interface
A
. TraceRAM
TRIGIN > Control <
(from ETM Trigger out) = 7 Y 7%
A 4 A4 A\ 4
APB > Ai';B — Register Bank

Figure 9-4. ETB Block Diagram

The ETB contains the following blocks:

* Formatter -- Inserts source ID signals into the data packet stream so that trace data
can be re-associated with its trace source after the data is read back out of the ETB.

* Control -- Control registers for trace capture and flushing.

» APB interface -- Read, write, and data pointers provide access to ETB registers. In
addition, the APB interface supports wait states through the use of a PREADYDBG
signal output by the ETB. The APB interface is synchronous to the ATB domain.

* Register bank -- Contains the management, control, and status registers for triggers,
flushing behavior, and external control.

* Trace RAM interface -- Controls reads and writes to the Trace RAM.

9.11.1 Performance Profiling with the ETB

To create a performance profile (e.g. gprof) for the target application, a means to collect
trace over a long period of time is needed. The ETB buffer is too small to capture a
meaningful profile in just one take. What is needed is to collect and concatenate data
from the ETB buffer for multiple sequential runs. Using the ETB packet counter
(described in Miscellaneous Control Module (MCM)), the trace analysis tool can capture
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multiple sequential runs by executing code until the ETB is almost full, and halting or
executing an interrupt handler to allow the buffer to be emptied, and then continuing
executing code. The target halts or executes an interrupt handler when the buffer is
almost full to empty the data and then the debugger runs the target again.

9.11.2 ETB Counter Control

The ETB packet counter is controlled by the ETB counter control register, ETB reload
register, and ETB counter value register implemented in the Miscellaneous Control
Module (MCM) accessible via the Private Peripheral Bus. Via the ETB counter control
register the ETB control logic can be configured to cause an MCM Alert Interrupt, an
NMI Interrupt, or cause a Debug halt when the down counter reaches 0. Other features of
the ETB control logic include:

* Down counter to count as many as 512 x 32-bit packets.

* Reload request transfers reload value to counter.

e ATB valid and ready signals used to form counter decrement.
e The counter disarms itself when the count reaches 0.

9.12 TPIU

The TPIU acts as a bridge between the on-chip trace data from the Embedded Trace
Macrocell (ETM) and the Instrumentation Trace Macrocell (ITM), with separate IDs, to a
data stream, encapsulating IDs where required, that is then captured by a Trace Port
Analyzer (TPA). The TPIU is specially designed for low-cost debug.

9.13 DWT
The DWT is a unit that performs the following debug functionality:

* [t contains four comparators that you can configure as a hardware watchpoint, an
ETM trigger, a PC sampler event trigger, or a data address sampler event trigger. The
first comparator, DWT_COMPO, can also compare against the clock cycle counter,
CYCCNT. The second comparator, DWT_COMPI, can also be used as a data
comparator.

e The DWT contains counters for:

* Clock cycles (CYCCNT)
* Folded instructions
* Load store unit (LSU) operations
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* Sleep cycles
» CPI (all instruction cycles except for the first cycle)
* Interrupt overhead

NOTE

An event 1s emitted each time a counter overflows.

e The DWT can be configured to emit PC samples at defined intervals, and to emit
interrupt event information.

9.14 Debug in Low Power Modes

In low power modes in which the debug modules are kept static or powered off, the
debugger cannot gather any debug data for the duration of the low power mode. In the
case that the debugger is held static, the debug port returns to full functionality as soon as
the low power mode exits and the system returns to a state with active debug. In the case
that the debugger logic is powered off, the debugger is reset on recovery and must be
reconfigured once the low power mode is exited.

Power mode entry logic monitors Debug Power Up and System Power Up signals from
the debug port as indications that a debugger is active. These signals can be changed in
RUN, VLPR, WAIT and VLPW. If the debug signal is active and the system attempts to
enter stop or VLPS, FCLK continues to run to support core register access. In these
modes in which FCLK is left active the debug modules have access to core registers but
not to system memory resources accessed via the crossbar.

With debug enabled, transitions from Run directly to VLPS are not allowed and result in
the system entering Stop mode instead. Status bits within the MDM-AP Status register
can be evaluated to determine this pseudo-VLPS state. Note with the debug enabled,
transitions from Run--> VLPR --> VLPS are still possible but also result in the system
entering Stop mode instead.

In VLLS mode all debug modules are powered off and reset at wakeup. In LLS mode, the
debug modules retain their state but no debug activity is possible.

NOTE
When using cJTAG and entering LLS mode, the cJTAG
controller must be reset on exit from LLS mode.

Going into a VLLSx mode causes all the debug controls and settings to be reset. To give
time to the debugger to sync up with the HW, the MDM-AP Control register can be
configured hold the system in reset on recovery so that the debugger can regain control
and reconfigure debug logic prior to the system exiting reset and resuming operation.
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9.14.1 Debug Module State in Low Power Modes

The following table shows the state of the debug modules in low power modes. These
terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.

* static = Module register states and associated memories are retained.

* OFF = Modules are powered off; module is in reset state upon wakeup.

Table 9-7. Debug Module State in Low Power Modes

Module STOP VLPR VLPW VLPS LLS VLLSx
Debug Port FF FF FF OFF static OFF
AHB-AP FF FF FF OFF static OFF
IT™ FF FF FF OFF static OFF
TPIU FF FF FF OFF static OFF
DWT FF FF FF OFF static OFF

9.15 Debug & Security

When security is enabled (FSEC[SEC] != 10), the debug port capabilities are limited in
order to prevent exploitation of secure data. In the secure state the debugger still has
access to the MDM-AP Status Register and can determine the current security state of the
device. In the case of a secure device, the debugger also has the capability of performing
a mass erase operation via writes to the MDM-AP Control Register. In the case of a
secure device that has mass erase disabled (FSEC[MEEN] = 10), attempts to mass erase
via the debug interface are blocked.
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Chapter 10
Signal Multiplexing and Signal Descriptions

10.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Control block controls which signal is present on the external pin. Reference
that chapter to find which register controls the operation of a specific pin.

10.2 Signal Multiplexing Integration

This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 1

Register
access

External

m Transfers Pins
-<—> E—

. L f
Signal Multiplexing/ Transfers
Port Control

e

E:F

Figure 10-1. Signal multiplexing integration

Table 10-1. Reference links to related information

Topic Related module Reference
Full description Port control Port control
System memory map System memory map

Table continues on the next page...

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 241




A ————
Signal Multiplexing Integration

Table 10-1. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Register access Peripheral bus Peripheral bridge
controller

10.2.1 Port control and interrupt module features
* Five 32-pin ports

NOTE
Not all pins are available on the device. See the following
section for details.

* Each 32-pin port is assigned one interrupt.

10.2.2 Port control and interrupt summary

The following table provides more information regarding the Port Control and Interrupt
configurations .

Table 10-2. Ports summary

Feature Port A Port B PortC Port D Port E
Pull select control |Yes Yes Yes Yes Yes
Pull select at reset |PTA1/PTA2/PTAS3/ |Pull down Pull down Pull down Pull down

PTA4/PTA5=Pull
up, Others=Pull

down
Pull enable control |Yes Yes Yes Yes Yes
Pull enable at reset | PTAO/PTA1/PTA2/ |Disabled Disabled Disabled Disabled
PTAS3/

PTA4=Enabled;
Others=Disabled

Slew rate enable |Yes Yes Yes Yes Yes
control
Slew rate enable at | Disabled Disabled Disabled Disabled Disabled
reset
Passive filter Yes Yes Yes Yes Yes
enable control
Passive filter Disabled Disabled Disabled Disabled Disabled

enable at reset

Table continues on the next page...
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Table 10-2. Ports summary (continued)

Feature Port A Port B Port C Port D Port E
Open drain enable |Yes Yes Yes Yes Yes
control
Open drain enable |Disabled Disabled Disabled Disabled Disabled
at reset
Drive strength | Yes Yes Yes Yes Yes
enable control
Drive strength PTAO/PTA1/PTA2/ |Disabled Disabled Disabled Disabled

enable at reset |PTA3/PTA4/
PTA5=Enabled;
Others=Disabled

Pin mux control |Yes Yes Yes Yes Yes

Pin mux at reset |PTAO/PTA1/PTA2/ |ALTO ALTO ALTO ALTO
PTA3/PTA4=ALT7;
Others=ALTO0

Lock bit Yes Yes Yes Yes Yes
Interrupt and DMA |Yes Yes Yes Yes Yes
request
Digital glitch filter |No No No Yes No

10.2.3 PCRNn reset values for port A
PCRn bit reset values for port A are 1 for the following bits:

e For PCRO: bits 1, 6, 8, 9, and 10.
* For PCR1 to PCR4: bits 0, 1, 6, 8, 9, and 10.
e For PCRS5 : bits O, 1, and 6.

All other PCRn bit reset values for port A are 0.

10.2.4 Clock gating

The clock to the port control module can be gated on and off using the SCGCS5[PORTX]
bits in the SIM module. These bits are cleared after any reset, which disables the clock to
the corresponding module to conserve power. Prior to initializing the corresponding
module, set SCGCS5[PORTX] in the SIM module to enable the clock. Before turning off
the clock, make sure to disable the module. For more details, refer to the clock
distribution chapter.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 243




Pinout

10.2.5 Signal multiplexing constraints

1. A given peripheral function must be assigned to a maximum of one package pin. Do
not program the same function to more than one pin.

2. To ensure the best signal timing for a given peripheral's interface, choose the pins in
closest proximity to each other.

10.3 Pinout

10.3.1 K64 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

144 | 144 | 121 | 100 | PinName | Default ALTO ALTY ALT2 ALT3 ALT4 ALT5 ALT6 ALT7 EzPort
LQFP| MAP | XFB | LQFP

BGA| GA
— | | 7| — |RIC. RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B

— | — | Bit| — | PTB12 DISABLED PTB12 UARTS_ | FTM1_CHO | FTMO_CH4 FTM1_QD_
RTS_b PHA

— | — | Cit| — |PTBI3 DISABLED PTB13 UART3_ | FTM1_CH1 | FTMO_CH5 FTM1_QD_
CTSb PHB

—| — | M| — |NC NC NC

— | M5 | —| — [NC NC NC

— | AMOf — | — |NC NC NC

— | B0 K8 | — |[NC NC NC

— | C10| H4| — |NC NC NC

1 D3 | E4 | 1 |PTEO ADC1_ ADC1_ PTEO SPI1_PCS1 | UART1_TX | SDHCO_D1 | TRACE_ | I2C1_SDA | RTC_

SEda SEda CLKOUT CLKkouTt

2 | D2| B3| 2 |PTEY ADC1_ ADC1_ PTE1/ SPI1_SOUT | UART1_RX | SDHC0_DO | TRACE_D3 | 12C1_SCL | SPH_SIN
LLWU_PO | SE5a SEba LLWU_PO

3 | DI | E2| 3 |PTEY ADC0_DP2/ | ADCO_DP2/ | PTEY/ SPI1_SCK | UART1_ | SDHCO_ | TRACE_D2

LLWU_P1 | ADC1_ ADC1_ LLWU_P1 CTS b DCLK
SE6a SE6a
4 B4 | F4 4 | PTE3 ADCO_ ADCO_ PTE3 SPI{_SIN | UART1_ SDHCO_ TRACE_D1 SPI1_SOUT
DM2/ DM2/ RTS b CMD
ADC1_ ADC1_
SE7a SE7a
5 E5 | E7| — | VDD VDD VDD
6 | F6 | F7 | — [VSS VSS VSS
7 E3 | H7 5 | PTE4/ DISABLED PTE4/ SPI1_PCS0 | UART3_TX | SDHC0_D3 | TRAGE_DO
LLWU_P2 LLWU_P2
8 E2 | G4 6 | PTES DISABLED PTE5 SPI1_PCS2 | UART3_RX | SDHC0_D2 FTM3_CHO
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144 | 144 | 121 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT7 EzPort
LQFP| MAP | XFB | LQFP

BGA| GA
9 | Bt | F8 | 7 |PTEG DISABLED PTE6 SPI1_PCS3 | UART3_ | [2S0_MCLK FTM3_CH1 | USB_SOF_
CTS.b out
10| F4| = | — |PTE7 DISABLED PTE? UART3_ | 1280_RXD0 FTM3_CH2
RTS_b
| | —| — |PIE8 DISABLED PTE8 [250_RXD1 | UART5_TX | [2S0_RX_ FTM3_CH3
FS
21 FR| —| — |PTE9 DISABLED PTE9 [250_TXD1 | UART5_RX | [2S0_RX_ FTM3_CH4
BCLK
B3] F | =] — |PTEMW DISABLED PTE10 UARTS_ | 1250_TXDO FTM3_CH5
CTS.b
1] G| — | — |PIEN DISABLED PTE! UARTS_ | 1280_TX_ FTM3_CH6
RTS_b FS
51 G| = | — |PTE”2 DISABLED PTE12 280_TX_ FTM3_CH7
BCLK
16| E6 | E6 | & | VDD VDD VDD
7] FT ] G| 9 |VSS VSS VSS
8] H | 6| —|VSS VSS VSS

19 | HI | F | 10 | USBODP | USBO_DP | USBO_DP
20 | H | F2 | 11 |USB0ODM | USBO_DM | USBO_DM
21 | Gt | GI | 12 |VOUT33 |VOUT33 | VOUT33
2 | G2 | G2 | 13 | VREGIN | VREGIN | VREGIN
23 | Jt | Ht | 14 | ADCO_DP1 | ADCO_DP1 | ADCO_DP1
24| J2 | H2 | 15 | ADCO_DM1 | ADCO_DM1 | ADCO_DM1
25| K | J1 | 16 | ADCI_DP1 | ADC1_DP1 | ADC1_DP1
26 | K2 | J2 | 17 | ADC1_DM1 | ADC1_DM1 | ADC1_DM1

27 | L1 | Kt | 18 | ADCO_DPO/| ADCO_DPO/| ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

28 | L2 | K| 19 | ADCO ADCO_ ADCO_
DMO/ oMo/ DMO/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

29 | Mt | L1 | 20 |ADCI_DPO/| ADC1_DPO/| ADC1_DPO/
ADC0_DP3 | ADC0_DP3 | ADCO_DP3

30 | M2| L2 | 21 | ADCI_ ADC1_ ADC1_
DMO/ DMO/ DMO/
ADC0_DM3 | ADCO_DM3 | ADCO_DM3

31 | H5 | F5 | 22 | VDDA VDDA VDDA
% | G| G5| 23 | VREFH VREFH VREFH
33| G6 | G6 | 24 | VREFL VREFL VREFL
34 | He | F6 | 25 | VSSA VSSA VSSA

3% | K3 | J3 | — [ADCI ADC1_ ADC1_
SE16/ SE16/ SE16/
CMP2_IN2/ | CMP2_IN2/ | CMP2_IN2/
ADCO_ ADCO_ ADCO_
SE22 SE22 SE22
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144 | 144 | 121 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT7 EzPort
LQFP| MAP | XFB | LQFP
BGA| GA

3% | J3 | H3 | — [ADCO ADCO_ ADCO_
SE16/ SE16/ SE16/
CMP1_IN2/ | CMP1_IN2/ | CMP1_IN2/
ADCO_ ADCO_ ADCO_
SE21 SE21 SE21

37| M3 | L3 | 26 | VREF_ VREF_ VREF_
out/ out/ out/
CMP1_IN5/ | CMP1_IN5/ | CMP1_IN5/
CMPO_INS/ | CMPO_IN5/ | CMPO_IN5/
ADC1_ ADC1_ ADC1_
SE18 SE18 SE18

38 | L3 | K& | 27 | DACO. DACO_ DACO_
out/ out/ out/
CMP1_IN3/ | CMP1_IN3/ | CMP1_IN3/
ADCO_ ADCO_ ADCO_
SE23 SE23 SE23

39| L4 | K4 | — |DACIL DAC1_ DAC1_
ouT/ ouT/ ouT/
CMPO_IN4/ | CMPO_IN4/ | CMPO_IN4/
CMP2_IN3/ | CMP2_IN3/ | CMP2_IN3/
ADC1_ ADC1_ ADC1_
SE23 SE23 SE23

40 | M7 | L4 | 28 | XTALR2 XTAL32 XTAL32
41| M6 | L5 | 29 | EXTAL32 | EXTAL32 | EXTAL32
2 | L6 | K6 | 30 |VBAT VBAT VBAT

81 —| —| — |VDD VDD VDD
4 1 = = | — |VSS VS VSS
45 | M4 | H5 | 31 | PTE24 ADCO_ ADCO_ PTE24 UART4_TX [2C0_SCL | EWM_
SE17 SE17 OUT b
46 | Ko | J5 | 32 |PTE% ADCO_ ADCO_ PTE25 UART4_RX [2C0_SDA | EWM_IN
SE18 SE18
47 | K4 | H6 | 33 | PTE26 DISABLED PTE26 ENET_ UART4_ RTC_ USB_CLKIN
1588_ CTSb CLKOuT
CLKIN
8 | W | — | — |PTEZ DISABLED PTE27 UART4_
RTS b
49 | H4| — | — |PTE2 DISABLED PTE28
5 | J5 | J6 | 34 |PTAO JTAG_ PTAO UARTO_ | FTM0_CH5 JTAG_ EZP_CLK
TCLK/ CTS_b/ TCLK/
SWD_CLK/ UARTO_ SWD_CLK
EZP_CLK COLb
51| J6 | H8 | 35 | PTA1 JTAG_TDI/ PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI | EZP_DI
EZP_DI
5 | K6 | J7 | 36 |PTA2 JTAG_TDO/ PTA2 UARTO_TX | FTMO_CH7 JTAG_TDO/ | EZP_DO
TRACE_ TRACE_
SWo/ SWO
EzP DO
5 | K7 | HO | 37 | PTA3 JTAG_TMS/ PTA3 UARTO_ | FTM0_CHO JTAG_TMS/
SWD_DIO RTS_b SWD_DIO
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144 | 144 | 121 | 100 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP| MAP | XFB | LQFP
BGA | GA
54 L7 J8 38 | PTA4 NMI_b/ PTA4/ FTMO_CH1 NMI_b EZP CS b
LLWU_P3 | EZP_CS_b LLWU_P3
55 | M8 | K7 | 39 | PTA5 DISABLED PTA5 USB_CLKIN | FTM0_CH2 | RMII0_ CMP2_OUT | 12S0_TX_ | JTAG_
RXER/ BCLK TRST_b
MII0_RXER
56 E7 | E5 | 40 | VDD VDD VDD
57| G7 | G3 | 41 |VSS VSS VSS
58 J7 — — | PTA6 DISABLED PTAG FTMO0_CH3 CLKOUT TRACE_
CLKOUT
59 J8 — — | PTA7 ADCO_ ADCO_ PTA7 FTMO_CH4 TRACE_D3
SE10 SE10
60 K8 | — — | PTA8 ADCO_ ADCO_ PTA8 FTM1_CHO FTM1_QD_ | TRACE_D2
SEf1 SE11 PHA
61 L8 — — | PTA9 DISABLED PTA9 FTM1_CH1 | MII0_RXD3 FTM1_QD_ | TRACE_D1
PHB
62 | M| U9 — | PTA10 DISABLED PTA10 FTM2_CHO | MI0_RXD2 FTM2_QD_ | TRACE_DO
PHA
63 L9 M — | PTAN1 DISABLED PTAN FTM2_CH1 | Mil0_ [2C2_SDA | FTM2_QD_
RXCLK PHB
64 | K9 | K8 | 42 | PTA12 CMP2_IN0 | CMP2_INO | PTA12 CANO_TX | FTM1_CHO | RMII0_ [262_SCL | 1250_TXDO | FTM1_QD_
RXD1/ PHA
MII0_RXD1
65 J9 L8 43 | PTA1Y CMP2_IN1 | CMP2_IN1 | PTA1Y/ CANO_RX | FTM1_CH1 | RMIl0_ [2C2_SDA | 1280_TX_ | FTM1_QD_
LLWU_P4 LLWU_P4 RXDO/ FS PHB
MII0_RXDO
66 | L10 | K9 | 44 | PTA14 DISABLED PTA14 SPI0_PCS0 | UARTO_TX | RMIIO_ [2C2_SCL | 12S0_RX_ | 1250_TXD1
CRS_DV/ BCLK
MII0_RXDV
67 | L11| L9 45 | PTA15 DISABLED PTA15 SPI0_SCK | UARTO_RX | RMII0_ [250_RXD0
TXEN/
MIIO_TXEN
68 | K10 | J10 | 46 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_ RMII0_ [250_RX_ | 1250_RXD1
CTS_b/ TXDO/ FS
UARTO_ MII0_TXDO
COL_b
69 | Ki1 | H10 | 47 | PTA17 ADC1_ ADC1_ PTA17 SPIO_SIN | UARTO_ RMII0_ 1250_MCLK
SE17 SE17 RTS_b TXD1/
MII0_TXD1
70 E8 | L10| 48 | VDD VDD VDD
7| G8 | KIO| 49 |VSS VSS VSS
72 | M2 L11| 50 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_
CLKINO
73 | M1 Kit | 51 | PTA19 XTALO XTALO PTA19 FTM1_FLTO | FTM_ LPTMRO_
CLKIN1 ALT1
74 | L12| J11 | 52 | RESET b | RESET_b | RESET b
B K2 — — | PTA4 DISABLED PTA24 MII0_TXD2 FB_A29
% J2| — — | PTA25 DISABLED PTA25 MII0_ FB_A28
TXCLK
K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 247



Pinout
144 | 144 | 121 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT? EzPort
LQFP| MAP | XFB | LQFP
BGA | GA
713 | = | — |PTA26 DISABLED PTA26 MII0_TXD3 FB_A27
81 J0 — | — | PTAZ7 DISABLED PTA27 MII0_CRS FB_A26
79 H2| — | — |PTA28 DISABLED PTA28 MIIO_TXER FB_A25
80 | HI1 | HI1 | — | PTA29 DISABLED PTA29 MIl0_COL FB_A24
81 | HI0| GI1| 53 | PTBU/ ADCO_SE8/ | ADCO_SES8/ | PTBO/ [2C0_SCL | FTM1_CHO | RMIIO_ FTM1_QD_
LLWU_P5 | ADC1_SE8 | ADC1_SE8 | LLWU_P5 MDIO/ PHA
MII0_MDIO
82 | H9 | GI0 | 54 | PTB1 ADCO_SEY/ | ADCO_SEY/ | PTBf [2C0_SDA | FTM1_CH1 | RMIIO_ FTM1_QD_
ADC1_SE9 | ADC1_SE9 MDC/ PHB
MIl0_MDC
83 | GI2| GO | 55 |PTB2 ADCO_ ADCO_ PTB2 [2C0_SCL | UARTO_ ENETO_ FTMO_FLT3
SE12 SE12 RTS_b 1588_TMRO
84 | GI1| G8 | 56 | PTB3 ADCO_ ADCO_ PTB3 [2C0_SDA | UARTO_ ENET0_ FTMO_FLTO
SE13 SE13 CTS_b/ 1588_TMR1
UARTO_
COL_b
8 | GI0| — | — |PTB4 ADC1_ ADC1_ PTB4 ENET0_ FTM1_FLTO
SE10 SE10 1588_TMR2
86 | G9 | — | — |PTBS ADC1_ ADC1_ PTB5 ENETO_ FTM2_FLTO
SEf1 SE11 1588_TMR3
87 | F12 | Fi1 | — | PTB6 ADC1_ ADC1_ PTB6 FB_AD23
SE12 SE12
88 | FI1| E11 | — | PTB7 ADC1_ ADC1_ PTB7 FB_AD22
SE13 SE13
89 | F10 | D11 | — | PTB8 DISABLED PTB8 UART3_ FB_AD21
RTS_b
9 | F9 | E10| 57 | PTB9 DISABLED PTB9 SPI1_PCS1 | UART3_ FB_AD20
CTS_b
91 | E12| D10 | 58 | PTB10 ADC1_ ADC1_ PTB10 SPI1_PCS0 | UART3_RX FB_AD19 | FTMO_FLT{
SE14 SE14
92 | E11| C10| 59 | PTBi1 ADC1_ ADC1_ PTB11 SPI1_SCK | UART3_TX FB_AD18 | FTMO_FLT2
SE15 SE15
B | H | — | 60 [VSS VSS VSS
% | F5| — | 61 |VDD VDD VDD
9% | E10| B0 | 62 | PTB16 DISABLED PTB16 SPIH_SOUT | UARTO_RX | FTM_ FB_AD17 | EWM_IN
CLKINO
% | E9 | E9 | 63 | PTB17 DISABLED PTB17 SPI{_SIN | UARTO_TX | FTM_ FB_AD16 | EWM_
CLKIN1 OUT_b
97 | D12 | D9 | 64 |PTB18 DISABLED PTB18 CANO_TX | FTM2_CHO | 2S0_TX_ | FB_AD15 | FTM2_QD_
BCLK PHA
% | DI | C9 | 65 | PTB19 DISABLED PTB19 CANO_RX | FTM2_CH1 | 2S0_TX_ | FB.OEb | FTM2_QD_
FS PHB
99 | DI0| F10 | 66 | PTB20 DISABLED PTB20 SPI2_PCS0 FB_AD31 | CMP0O_OUT
100 | D9 | F9 | 67 | PTB21 DISABLED PTB21 SPI2_SCK FB_AD30 | CMP1_OUT
101 | C12| F8 | 68 | PTB22 DISABLED PTB22 SPI2_SOUT FB_AD29 | CMP2_OUT
102 | C11| E8 | 69 | PTB23 DISABLED PTB23 SPI2_SIN | SPI0o_PCS5 FB_AD28
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144 | 144 | 121 | 100 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP| MAP | XFB | LQFP
BGA | GA
103 | B2 | B9 | 70 | PTCO ADCO_ ADCO_ PTCO SPI0_PCS4 | PDBO_ USB_SOF_ | FB_AD14 | 1250_TXD1
SE14 SE14 EXTRG outT
104 | BI1 | D8 | 71 | PTCH/ ADCO_ ADCO_ PTC1/ SPI0_PCS3 | UART1_ FTM0_CHO | FB_AD13 | 1250_TXDO
LLWU_P6 | SE15 SE15 LLWU_P6 RTS_b
105 | A2 | C8 | 72 | PTC2 ADCO_ ADCO_ PTC2 SPI0_PCS2 | UART1_ FTMO_CH1 | FB_AD12 | 1250_TX_
SE4b/ SE4b/ CTS b FS
CMP1_INO | CMP1_INO
106 | A1 | B8 | 73 | PTCY CMP1_IN1 | CMP1_IN1 | PTCY SPI0_PCS1 | UART1_RX | FTM0_CH2 | CLKOUT [250_TX_
LLWU_P7 LLWU_P7 BCLK
107 | H8 [ — | 74 | VSS VSS VSS
108 | — — 75 | VDD VDD VDD
109 | A9 | A8 | 76 | PTC4/ DISABLED PTC4/ SPI0_PCS0 | UART1_TX | FTMO_CH3 | FB_AD11 | CMP1_OUT
LLWU_P8 LLWU_P8
110 | D8 | D7 | 77 | PTCh DISABLED PTCs/ SPI0_SCK | LPTMRO_ | 1250_RXD0 | FB_AD10 | CMPO_OUT | FTM0_CH2
LLWU_P9 LLWU_P9 ALT2
111 C8 | C7 | 78 | PTC6/ CMPO_INO | CMPO_INO | PTC6/ SPI0_SOUT | PDBO_ [2S0_RX_ | FB_AD9 [250_MCLK
LLWU_P10 LLWU_P10 EXTRG BCLK
12| B8 | B7 | 79 | PTC7 CMPO_IN1 | CMPO_IN1 | PTC7 SPI0_SIN | USB_SOF_ | I250_RX_ | FB_AD8
out FS
113 A8 | A7 | 80 | PTC8 ADC1_ ADC1_ PTC8 FTM3_CH4 | 12S0_MCLK | FB_AD7
SE4b/ SE4b/
CMPO_IN2 | CMPO_IN2
14| D7 | D6 | 81 | PTC9 ADC1_ ADC1_ PTC9 FTM3_CH5 | 12S0_RX_ | FB_AD6 FTM2_FLTO
SESb/ SE5b/ BCLK
CMPO_IN3 | CMPO_IN3
115 C7 | C6 | 8 | PTC10 ADC1_ ADC1_ PTC10 [2C1_SCL | FTM3_CH6 | I250_RX_ | FB_AD5
SE6b SE6b FS
116 | B7 | C5 | 83 | PTCH1/ ADC1_ ADC1_ PTC11/ [2C1_SDA | FTM3_CH7 | 1250_RXD1 | FB_RW_b
LLWU_P11 | SETb SETh LLWU_P11
17| A7 | B6 | 84 | PTC12 DISABLED PTC12 UART4_ FB_AD27 | FTM3_FLTO
RTS_b
118 | D6 | A6 | 8 | PTC13 DISABLED PTC13 UART4_ FB_AD26
CTS_b
119 | C6 | A5 | 86 | PTCl4 DISABLED PTC14 UART4_RX FB_AD25
20| B6 | B5 | 87 | PTC15 DISABLED PTC15 UART4_TX FB_AD24
21 — — 88 | VSS VSS VSS
122 | — — 89 | VDD VDD VDD
123 A6 | D5 | 90 | PTC16 DISABLED PTC16 UART3_RX | ENETO_ FB_CS5_b/
1588_TMRO | FB_TSIZ1/
FB_BE23_
16_BLS15_
8b
1241 D5 | C4 | 91 | PTC17 DISABLED PTC17 UART3_TX | ENETO_ FB_CS4_b/
1588_TMR1 | FB_TSIZ0/
FB_BE31_
24 BLS7_
0b
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Pinout
144 | 144 | 121 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT? EzPort
LQFP| MAP | XFB | LQFP
BGA | GA
125 C5 | B4 | 92 | PTCI8 DISABLED PTC18 UART3_ ENET0_ FB_TBST_
RTS_b 1588_TMR2 | b/
FB_CS2_b/
FB_BE15_
8 BLS23_
16_b
26| B5 | M| — | PTC19 DISABLED PTC19 UART3_ ENETO_ FB_CS3.b/ | FB_TA b
CTS b 1588_TMR3 | FB_BE7 0_
BLS31_24_
b
127 A5 | D4 | 93 | PTDO/ DISABLED PTDO/ SPI0_PCS0 | UART2_ FTM3_CHO | FB_ALE/
LLWU_P12 LLWU_P12 RTS_b FB_CS1_b/
FB_TS_b
128 | D4 | D3 | 94 | PTD1 ADCO_ ADCO_ PTD1 SPI0_SCK | UART2_ FTM3_CH1 | FB_CS0_b
SESb SESb CTS b
129 | C4 | C3 | 95 | PTDY DISABLED PTD2/ SPI0_SOUT | UART2_RX | FTM3_CH2 | FB_AD4 12C0_SCL
LLWU_P13 LLWU_P13
130 | B4 | B3 | 96 | PTD3 DISABLED PTD3 SPI0_SIN | UART2_TX | FTM3_CH3 | FB_AD3 [2C0_SDA
131 M| A3 | 97 | PTD4 DISABLED PTD4/ SPI0_PCS1 | UARTO_ FTM0_CH4 | FB_AD2 EWM_IN | SPI1_PCS0
LLWU_P14 LLWU_P14 RTS_b
12 A3 | A2 | 98 | PTD5 ADCO_ ADCO_ PTD5 SPI0_PCS2 | UARTO_ FTMO_CH5 | FB_AD1 EWM_ SPIH_SCK
SE6b SE6b CTS_ OUT_b
UARTO_
COL_b
133 A2 | B2 | 99 | PTD6/ ADCO_ ADCO_ PTD6/ SPI0_PCS3 | UARTO_RX | FTM0_CH6 | FB_ADO FTMO_FLTO | SPI_SOUT
LLWU_P15 | SE7b SETh LLWU_P15
13| Mof — | — |VSS VSS VSS
1% | — | — | VDD VDD VDD
136 | A1 | At | 100 | PTD7 DISABLED PTD7 CMT_IRO | UARTO_TX | FTM0_CH7 FTMO_FLT1 | SPI1_SIN
137 C9 | AIO| — | PTD8 DISABLED PTD8 [2C0_SCL | UART5_RX FB_A16
138 | B9 | A9 | — | PTD9 DISABLED PTD9 [2C0_SDA | UART5_TX FB_A17
139 | B3 | Bt — | PTD10 DISABLED PTD10 UART5_ FB_A18
RTS b
140 | B2 | C2 | — | PTD DISABLED PTD1 SPI2_PCS0 | UART5_ SDHCO_ FB_A19
CTS b CLKIN
| Bt | C1 | — | PTDI2 DISABLED PTD12 SPI2_SCK | FTM3_FLT0 | SDHC0_D4 FB_A20
142 C3 | D2 | — | PTD13 DISABLED PTD13 SPI2_SOUT SDHCO0_D5 FB_A21
1431 C2 | DI | — | PTD14 DISABLED PTD14 SPI2_SIN SDHCO0_D6 FB_A22
1441 Ct | E — | PTD15 DISABLED PTD15 SPI2_PCS1 SDHC0_D7 FB_A23

10.3.2 K64 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible

for selecting which ALT functionality is available on each pin.
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142 |  PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT7 EzPort
Csp
C10 | PTEO ADC1_SE4a | ADC1_SE4a | PTEQ SPI1_PCS1 | UART1_TX | SDHCO_D1 | TRACE_ 2C1_SDA RTC_
CLKOUT CLKOuT
D8 | PTEY/ ADC1_SE5a | ADC1_SE5a | PTEY/ SPI1_SOUT | UART1_RX | SDHCO_DO | TRACE_D3 | I2C1_SCL SPI1_SIN
LLWU_PO LLWU_PO
D9 | PTEY ADCO_DP2/ | ADCO_DP2/ | PTEY/ SPI1_SCK | UART1_CTS_ | SDHCO_DCLK | TRACE_D2
LLWU_P1 ADC1_SE6a | ADC1_SE6a | LLWU_P1 b
C11 | PTE3 ADCO_DM2/ | ADCO_DM2/ | PTE3 SPI1_SIN UART1_RTS_ | SDHCO_CMD | TRACE_D1 SPI_SOUT
ADC1_SE7a | ADC1_SE7a b
F6 | VDD VDD VDD
E6 | VSS VSS VSS
D10 | PTE4/ DISABLED PTE4/ SPI1_PCS0 | UART3_TX | SDHCO_D3 | TRACE_DO
LLWU_P2 LLWU_P2
D11 | PTES DISABLED PTES SPI1_PCS2 | UART3_RX | SDHC0_D2 FTM3_CHO
E7 | PTE6 DISABLED PTE6 SPI1_PCS3 | UART3_CTS_ | 1250_MCLK FTM3_CH! | USB_SOF_
b out
E8 | PTE7 DISABLED PTE7 UART3_RTS_ | 12S0_RXD0 FTM3_CH2
b
E9 | PTES DISABLED PTE8 [250_RXD1 | UART5_TX | 12S0_RX_FS FTM3_CH3
E10 | PTE9 DISABLED PTE9 280_TXD1 | UART5_RX | 1250_RX_ FTM3_CH4
BCLK
Ef1 | PTE10 DISABLED PTE10 UART5_CTS_ | 1250_TXDO FTM3_CH5
b
F9 | PTE! DISABLED PTEM1 UART5_RTS_ | 12S0_TX_FS FTM3_CH6
b
F10 | PTE12 DISABLED PTE12 280_TX_ FTM3_CH7
BCLK
F7 | VDD VDD VDD
F11 | VSS VSS VSS
G11 | USB0_DP USB0_DP USB0_DP
H11 | USBO_DM USBO_DM USB0_DM
G10 | VOUT33 VOUT33 VOUT33
H10 | VREGIN VREGIN VREGIN
F8 | ADCO_DP1 | ADCO_DP1 | ADCO_DP1
G8 | ADCO_DM1 | ADCO_DM1 | ADCO_DM1
Ji1 | ADC1_DP1 | ADC1_DP1 | ADC1_DP1
K11 | ADC1_DM1 | ADC1_DM1 | ADC1_DM1
G9 | ADCO_DPO/ | ADCO_DPO/ | ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3
H9 | ADCO_DMO/ | ADCO_DMO/ | ADCO_DMo/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3
J10 | ADC1_DPO/ | ADC1_DPO/ | ADC1_DPO/
ADC0_DP3 | ADCO_DP3 | ADCO_DP3
K10 | ADC1_DMo/ | ADC1_DMO/ | ADC1_DMO/
ADCO_DM3 | ADCO_DM3 | ADCO_DMS3
L11 | VDDA VDDA VDDA
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Pinout
142 |  PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
CSP
L10 | VREFH VREFH VREFH
M11 | VREFL VREFL VREFL
N1t | VSSA VSSA VSSA
M10 | ADC1_SE16/ | ADC1_SE16/ | ADC1_SE16/
CMP2_IN2/ | CMP2_IN2/ | CMP2_IN2/
ADC0_SE22 | ADC0_SE22 | ADCO_SE22
K9 | ADCO_SE16/ | ADCO_SE16/ | ADCO_SE16/
CMP1_IN2/ | CMP1_IN2/ | CMP1_IN2/
ADCO_SE21 | ADCO_SE21 | ADCO_SE21
L9 | VREF_OUT/ | VREF_OUT/ | VREF_OUT/
CMP1_IN5/ | CMP1_IN5/ | CMP1_IN5/
CMPO_IN5/ | CMPO_IN5/ | CMPOQ_IN5/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18
N10 | DACO_OUT/ | DACO_OUT/ | DACO_OUT/
CMP1_IN3/ | CMP1_IN3/ | CMP1_IN3/
ADCO_SE23 | ADCO_SE23 | ADCO_SE23
M9 | DAC1_OUT/ | DAC1_OUT/ | DACI_OUT/
CMPO_IN4/ | CMPO_IN4/ | CMPO_IN4/
CMP2_IN3/ | CMP2_IN3/ | CMP2_IN3/
ADC1_SE23 | ADC1_SE23 | ADC1_SE23
J9 | RTC_ RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B
N9 | XTAL3? XTAL32 XTAL32
N8 | EXTAL32 EXTAL32 EXTAL32
M8 | VBAT VBAT VBAT
H8 | VDD VDD VDD
G7 | VSS VSS VSS
L8 | PTE24 ADCO_SE17 | ADCO_SE17 | PTE24 UART4_TX 12C0_SCL EWM_OUT_b
K8 | PTE2S ADC0_SE18 | ADCO_SE18 | PTE25 UART4_RX [2C0_SDA EWM_IN
N7 | PTE26 DISABLED PTE26 ENET_1588_ | UART4_CTS_ RTC_ USB_CLKIN
CLKIN b CLKOUT
J8 | PTE27 DISABLED PTE27 UART4_RTS_
b
M7 | PTE28 DISABLED PTE28
L7 | PTAO JTAG_TCLK/ PTAO UART0_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ b/ SWD_CLK
EZP CLK UARTO0_COL_
b
K7 | PTA1 JTAG_TDV/ PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI EZP DI
EZP DI
J7 | PTA2 JTAG_TDO/ PTA2 UARTO_TX | FTM0_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
N6 | PTA3 JTAG_TMS/ PTA3 UARTO_RTS_ | FTM0_CHO JTAG_TMS/
SWD_DIO b SWD_DIO
M6 | PTA4 NMI_b/ PTA4/ FTMO0_CH1 NMI_b EZP CS b
LLWU_P3 EZP_CS_b LLWU_P3
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142 | Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT? EzPort
CsP
L6 | PTA5 DISABLED PTA5 USB_CLKIN | FTM0_CH2 RMIIO_RXER/ | CMP2_OUT | 12S0_TX_ JTAG_TRST_
MII0_RXER BCLK b
H7 | VDD VDD VDD
H6 | VSS VS VS
N5 | PTA6 DISABLED PTA6 FTMO0_CH3 CLKOUT TRACE_
CLKOUT
M5 | PTA7 ADCO_SE10 | ADCO_SE10 | PTA7 FTMO0_CH4 RMII0_MDIO/ TRACE_D3
MII0_MDIO
K6 | PTA8 ADCO_SE11 | ADCO_SE11 | PTA8 FTM1_CHO RMIO_MDC/ | FTM1_QD_ | TRACE_D2
MII0_MDC PHA
L5 | PTA9 DISABLED PTA9 FTM1_CH1 MII0_RXD3 FTM1_QD_ | TRACE_D1
PHB
N4 | PTA10 DISABLED PTA10 FTM2_CHO | MII0_RXD2 FTM2_QD_ | TRACE_DO
PHA
J6 | PTAN1 DISABLED PTAN FTM2_CH1 MII0_RXCLK | 12C2_SDA FTM2_QD_
PHB
K5 | PTA12 CMP2_INO CMP2_INO PTA12 CANO_TX FTM1_CHO | RMIIO_RXD1/ | 12C2_SCL [250_TXDO | FTM1_QD_
MII0_RXD1 PHA
M4 | PTA1Y/ CMP2_IN1 CMP2_IN1 PTA13/ CANO_RX FTM1_CH1 RMIIO_RXDO/ | 12C2_SDA [280_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 MII0_RXDO PHB
J5 | PTA14 DISABLED PTA14 SPI0_PCSO | UARTO_TX RMIIO_CRS_ | 12C2_SCL [250_RX_ [250_TXD1
Dv/ BCLK
MII0_RXDV
N3 | PTA15 DISABLED PTA15 SPI0_SCK UARTO_RX | RMIIO_TXEN/ [250_RXD0O
MIO_TXEN
L4 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_CTS_ | RMIIO_TXDo/ [2S0_RX_FS | 1250_RXD1
b/ MII0_TXDO
UARTO0_COL_
b
M3 | PTA17 ADC1_SE17 | ADC1_SE17 | PTA17 SPI0_SIN UARTO_RTS_ | RMII0_TXD1/ [250_MCLK
b MII0_TXD1
N2 | VDD VDD VDD
M2 | VSS VS VSS
N1 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
M1 | PTA19 XTALO XTALO PTA19 FTMI_FLTO | FTM_CLKIN{ LPTMRO_
ALTA
L1 | RESET b RESET_b RESET b
L2 | PTA24 DISABLED PTA24 MII0_TXD2 FB_A15 FB_A29
L3 | PTA2S DISABLED PTA25 MIO_TXCLK | FB_A14 FB_A28
K4 | PTA26 DISABLED PTA26 MII0_TXD3 FB_A13 FB_A27
K3 | PTA27 DISABLED PTA27 MII0_CRS FB_A12 FB_A26
K2 | PTA28 DISABLED PTA28 MIO_TXER FB_A25
K1 | PTA29 DISABLED PTA29 MIlo_COL FB_A24
Ja | PTBO/ ADCO_SE8/ | ADCO_SE8/ | PTBO/ 12C0_SCL FTM1_CHO | RMIIO_MDIO/ FTM1_QD_
LLWU_P5 ADC1_SE8 ADC1_SE8 LLWU_P5 MII0_MDIO PHA
J3 | PTB1 ADCO_SEY/ | ADCO_SE9/ | PTB1 12C0_SDA FTM1_CH1 RMII0_MDC/ FTM1_QD_
ADC1_SE9 | ADC1_SE9 MIlo_MDC PHB
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Pinout
142 |  PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
CSP
J2 | PTB2 ADCO_SE12 | ADCO_SE12 | PTB2 12C0_SCL UARTO_RTS_ | ENETO0_1588_ FTMO_FLT3
b TMRO
Jt | PTB3 ADC0_SE13 | ADCO_SE13 | PTB3 [2C0_SDA UARTO_CTS_ | ENET0_1588_ FTMO_FLTO
b/ TMR1
UARTO0_COL_
b
H4 | PTB4 ADC1_SE10 | ADC1_SE10 | PTB4 ENET0_1588_ FTM1_FLTO
TMR2
H3 | PTBS ADC1_SE11 | ADC1_SE11 | PTB5 ENET0_1588_ FTM2_FLTO
TMR3
H2 | PTB6 ADC1_SE12 | ADC1_SE12 | PTB6 FB_AD23
Hi | PTB7 ADC1_SE13 | ADC1_SE13 | PTB7 FB_AD22
G4 | PTBS DISABLED PTB8 UART3_RTS_ FB_AD21
b
G3 | PTB9 DISABLED PTBY SPI1_PCS1 | UART3_CTS_ FB_AD20
b
Gi | PTB10 ADC1_SE14 | ADC1_SE14 | PTB10 SPI1_PCS0 | UART3_RX FB_AD19 FTMO_FLT1
G2 | PTB1 ADC1_SE15 | ADC1_SE15 | PTB1{ SPI1_SCK UART3_TX FB_AD18 FTMO_FLT2
H5 | VSS VSS VSS
F3 | VDD VDD VDD
F1 | PTB16 DISABLED PTB16 SPI1_SOUT | UARTO_RX | FTM_CLKINO | FB_AD17 EWM_IN
F2 | PTB17 DISABLED PTB17 SPI1_SIN UARTO_TX | FTM_CLKIN1 | FB_AD16 EWM_OUT_b
E1 | PTB18 DISABLED PTB18 CANO_TX FTM2_CHO | 1250_TX_ FB_AD15 FTM2_QD_
BCLK PHA
E2 | PTB19 DISABLED PTB19 CANO_RX FTM2_CH1 | 12S0_TX_FS | FB_OE_b FTM2_QD_
PHB
E3 | PTB20 DISABLED PTB20 SPI2_PCS0 FB_AD31 CMPQ_OUT
E4 | PTB21 DISABLED PTB21 SPI2_SCK FB_AD30 CMP1_0OUT
D4 | PTB22 DISABLED PTB22 SPI2_SOUT FB_AD29 CMP2_0UT
D1 | PTB23 DISABLED PTB23 SPI2_SIN SPI0_PCS5 FB_AD28
D2 | PTCO ADCO_SE14 | ADCO_SE14 | PTCO SPI0_PCS4 | PDBO_EXTRG | USB_SOF_ | FB_AD14 [250_TXD1
ouT
D3 | PTC1/ ADCO_SE15 | ADCO_SE15 | PTC1/ SPI0_PCS3 | UART1_RTS_ | FTMO_CHO | FB_AD13 250_TXDO
LLWU_P6 LLWU_P6 b
C1 | PTC2 ADCO_SE4b/ | ADCO_SE4b/ | PTC2 SPI0_PCS2 | UART1_CTS_ | FTMO_CH1 | FB_AD12 [2S0_TX_FS
CMP1_INO CMP1_INO b
Bt | PTCY CMP1_IN1 CMP1_IN1 PTC3/ SPI0_PCS1 | UART1_RX | FTM0_CH2 | CLKOUT [250_TX_
LLWU_P7 LLWU_P7 BCLK
F4 | VSS VSS VSS
G5 | VDD VDD VDD
At | PTC4/ DISABLED PTC4/ SPI0_PCSO | UART1_TX | FTMO_CH3 | FB_AD11 CMP1_OUT
LLWU_P8 LLWU_P8
C2 | PTCh/ DISABLED PTC5/ SPI0_SCK LPTMRO_ [250_RXDO | FB_AD10 CMP0O_OUT | FTM0_CH?2
LLWU_P9 LLWU_P9 ALT2
B2 | PTC6/ CMPO_INO CMPO_INO PTC6/ SPI0_SOUT | PDBO_EXTRG | I250_RX_ FB_AD9 [250_MCLK
LLWU_P10 LLWU_P10 BCLK
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142 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
CsP
A2 | PTC7 CMPO_IN1 CMPO_IN1 PTC7 SPI0_SIN USB_SOF_ | 12S0_RX_FS | FB_AD8
out
B3 | PTC8 ADC1_SE4b/ | ADC1_SE4b/ | PTC8 FTM3_CH4 | 12S0_MCLK | FB_AD7
CMPO_IN2 CMPO_IN2
A3 | PTC9 ADC1_SE5b/ | ADC1_SESb/ | PTCY FTM3_CH5 | 12S0_RX_ FB_AD6 FTM2_FLTO0
CMPO_IN3 CMPO_IN3 BCLK
C3 | PTC10 ADGC1_SE6b | ADC1_SE6b | PTC10 [2C1_SCL FTM3_CH6 | I2S0_RX_FS | FB_AD5
B4 | PTC11/ ADC1_SE7b | ADC1_SE7b | PTCi1/ [2C1_SDA FTM3_CH7 | 1250_RXD1 FB_RW_b
LLWU_P11 LLWU_P11
A4 | PTC12 DISABLED PTC12 UART4_RTS_ FB_AD27 FTM3_FLTO
b
C4 | PTC13 DISABLED PTC13 UART4_CTS_ FB_AD26
b
B5 | PTC14 DISABLED PTC14 UART4_RX FB_AD25
A5 | PTC15 DISABLED PTC15 UART4_TX FB_AD24
F5 | VSS VSS VSS
E5 | VDD VDD VDD
C5 | PTC16 DISABLED PTC16 UART3_RX | ENETO0_1588_| FB_CS5_b/
TMRO FB_TSIZ1/
FB_BE23_16_
BLS15.8.b
A6 | PTC17 DISABLED PTC17 UART3_TX ENETO_1588_ | FB_CS4_b/
TMR1 FB_TSIZ0/
FB_BE31.24_
BLS7_0 b
B6 | PTC18 DISABLED PTC18 UART3_RTS_ | ENETO0_1588_ | FB_TBST b/
b TMR2 FB_CS2_b/
FB_BE15.8_
BLS23_16_b
D5 | PTC19 DISABLED PTC19 UART3_CTS_ | ENET0_1588_| FB_CS3_b/ | FB_TAb
b TMR3 FB_BE7_0_
BLS31_24 b
D6 | PTDO/ DISABLED PTDO/ SPI0_PCSO | UART2_RTS_ | FTM3_CHO FB_ALE/
LLWU_P12 LLWU_P12 b FB_CS1_b/
FB_TS b
A7 | PTD1 ADCO_SE5b | ADCO_SE5b | PTD1 SPI0_SCK UART2_CTS_ | FTM3_CH1 FB_CS0_b
b
C6 | PTD2/ DISABLED PTD2/ SPI0_SOUT | UART2_RX | FTM3_CH2 FB_AD4 [2C0_SCL
LLWU_P13 LLWU_P13
B7 | PTD3 DISABLED PTD3 SPI0_SIN UART2_TX FTM3_CH3 FB_AD3 [2C0_SDA
C7 | PTD4/ DISABLED PTD4/ SPI0_PCS1 | UARTO_RTS_ | FTMO_CH4 | FB_AD2 EWM_IN SPI1_PCS0
LLWU_P14 LLWU_P14 b
A8 | PTD5 ADCO_SE6b | ADCO_SE6b | PTD5 SPI0_PCS2 | UARTO_CTS_ | FTM0_CH5 FB_AD1 EWM_OUT_b | SPH_SCK
b/
UART0_COL_
b
B8 | PTD6/ ADCO_SE7b | ADCO_SE7b | PTD6/ SPI0_PCS3 | UARTO_RX | FTM0_CHS6 FB_ADO FTMO_FLTO | SPH_SOUT
LLWU_P15 LLWU_P15
A9 | PTD7 DISABLED PTD7 CMT_IRO UARTO_TX FTMO0_CH7 FTMO_FLT1 | SPH_SIN
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142 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7 EzPort

Csp

B9 | PTD8 DISABLED PTD8 12C0_SCL UART5_RX FB_A16

A10 | PTD9 DISABLED PTD9 12C0_SDA UART5_TX FB_A17

D7 | PTD10 DISABLED PTD10 UARTS5_RTS_ FB_A18
b

C8 | PTDI1 DISABLED PTD11 SPI2_PCSO | UART5_CTS_ | SDHCO_ FB_A19
b CLKIN

B10 | PTD12 DISABLED PTD12 SPI2_SCK | FTM3_FLT0 | SDHC0_D4 FB_A20

C9 | PTDI3 DISABLED PTD13 SPI2_S0UT SDHC0_D5 FB_A21

A1t | PTD14 DISABLED PTD14 SPI2_SIN SDHC0_D6 FB_A22

Bi1 | PTD15 DISABLED PTD15 SPI2_PCSt SDHC0_D7 FB_A23

G6 | NC NC NC

10.3.3 K64 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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Figure 10-2. 144 LQFP Pinout Diagram
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Pinout
1 2 3 4 5 6 7 8 9 10 1 12
PTD6/ PTD4/ PTDO/ PTC4/ PTC3/
A PTD7 LLWU. P15 PTD5 WU P14 | Lowu pi2 | PTC6 PTC12 PTC8 LLWU, P8 NC LLWU, P7 PTC2 | A
PTC11/ PTC1/
B B
PTD12 PTD11 PTD10 PTD3 PTC19 PTC15 LLWU_ P11 PTC7 PTD9 NC LLWU. PG PTCO
PTD2/ PTC6/
c| P15 PTD14 PTD13 | |\wu pis PTC18 PTC14 PTC10 LLWU, P10 PTD8 NC PTB23 PTB22 |C
PTE2/ PTE1/ PTC5/
Pl Lwuri | Lwu po PTEO PTD1 PTC17 PTC13 PTCO LLWU. Po PTB21 PTB20 PTB19 PTBi8 |D
PTE4/
E PTE6 PTE5 PTE3 VDD VDD VDD VDD PTB17 PTB16 PTB1 PTBI0 | E
LLWU_P2
F| PTE10 PTE9 PTES PTE7 VDD VSs vss VDD PTB9 PTB8 PTB7 PTB6 F
G| voutss VREGIN PTE12 PTET VREFH VREFL &S &S PTB5 PTB4 PTB3 PTB2 |G
H| UsBO_DP | USBO_DM ES PTE28 VDDA VSSA vss VSs PTB1 LLF\;JSO,/,S PTA29 PTA28 [H
ADCO_SE16/ PTA13/
J| ADCO_DP1 | ADCO_DM1 | cMmP1_IN2/| PTE27 PTAO PTA1 PTA6 PTA7 LLWU. P4 PTA27 PTA26 PTA2s | J
ADCO_SE21 -
ADC1_SE16/
K| ADC1_DP1 | ADC1_DM1 | cmp2_iN2/ | PTE26 PTE25 PTA2 PTA3 PTA8 PTA12 PTA16 PTA17 PTA24 | K
ADCO_SE22
pAco_outy | PACT-OUT/
ADCO_DPO/ | ADCO_DMO/ - CMPO_IN4/ RTC PTA4/
L - - — L
ADG1_DP3 | ADGT DM3 :&21 égg/s OMP2_IN3/ | WAKEUP B VBAT LLWU. P3 PTA9 PTA11 PTA14 PTA15 RESET_b
- ADC1_SE23
VREF_OUT/
ADC1_DPO/ | ADC1_DM0/| CMP1_IN5/
M - - M
ADGO DP3 | ADGO_DM3 | omPo_ins/ | PTE24 NC EXTAL32 XTAL32 PTAS PTA10 &S PTA19 PTA18
ADC1_SE18
1 2 3 4 5 6 7 8 9 10 1 12

Figure 10-3. 144 MAPBGA Pinout Diagram
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1 2 3 4 5 6 7 8 9 10 1
PTD4/ PTC4/
A | prD7 PTOS | v pia| PTC1e | PTCt4 | Prota | pros || IO | PTDO PTD8 NC A
PTDS/ PTC3/
B8 | oo | w5 | Pos | Prows | preis | prore | proz | (UL | PTeo | PTBIe | PTBI2 | B
PTD2/ PTC11/ PTC6/
c | pow | pron | B8 pror ST PTC0 | W eo| PTC2 | PTBIe | PTBM | PTBIS | C
PTDO/ pTCS/ | PTCY/
p | Prowa | P13 | POt [ B9 f prote | prce | WL WCT.| Ptete | pTBO | PTEE | D
PTEZ | PTEW
e | Prots | 5T [ uwo po | PTEO VDD VDD VDD PTB23 | PTB17 | PTBOY PTB7 | E
F | usBo_bp | usBo_bm| PTES PTE3 | vDDA | vssA vss pTB22 | PTB21 | PTB20 | PTBE | F
G | vouTss | vREGIN | vss PTES | VREFH | VREFL vss PTB3 PTB2 PTB1 LLF\;JSO;S G
hDCO_SE16 PTE4/
H |Aapco_ppi|apco_bmi|cmprinz|  NC PTE24 | PTE26 PTAT PTA3 pTa1l7 | PTA2e | H
LLWU_P2
IADCO_SE21
hDC1_SE16
J |apci_pp1]|abci_pmi[cMP2_IN2/|  pTAt1 PTE25 PTAO PTA2 PTAY | prato | PTAte |RESET b | J
LLWU_P3
IADCO_SE22
DAC1_OUT/paco_ouT,
ADCO_DPO/JADCO_DMO CMPO_IN4/| opipt
K NG _IN4/[cmP1_INa/|  veaAT PTAS PTA12 | PTA14 vss PTA19 | K
ADC1_DP3[ADC1_DM3 CMP2_IN3/|aDCo, SE29
IADC1_SE23
REF_OUT,
ADC1_DPOfADC1_DMOCMP1_INS/ RTC_ | PTAtY
L [apco_ppa|apco_pms|ompo ins/| XTAL32 | EXTALS2 | VSS - yakeup Bl Liwu_pa | FTATS VDD PTA18 | L
IADC1_SE18
1 2 3 4 5 6 7 8 9 10 1

Figure 10-4. 121 XFBGA Pinout Diagram
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Pinout

prE0[ |

PTE1/LLWU_PO [
PTE2/LLWU_P1 [_|
PTES |
PTE4LLWU_P2 [
pTEs [

prE6 [

vop [

vss [

usso_bP [_|
usBo_bM[_|
vouTas [_|
vReGIN [_|

ADCo_DP1 [
ADCo_bM1 [

ADC1_DP1 [
ADC1_DM1 [_|

ADCO_DPO/ADC1_DP3 [_|
ADCO_DMO/ADC1_DM3 [_|
ADC1_DPO/ADCO_DP3 [_|
ADC1_DM0/ADCO_DM3 [_|

voDA [
vREFH [
vrerL [
vssa [

100 || D7

9o | | pTDBILLWU_P15

o8| | PTDs

o7 | | pTD4rLWU_P14

o | | pTD3

os | | pTo21LWU_P13

oa | ] PTDI

o3| | pTDOLLWU_P12

e2| | prcis
ot | ] prCi7
o | ] prcis
so| | voo
s | | vss
a7 | ] prCts

s | | PTC14

ss| | PTCI3

s | | prCI2

83 || PTCH/LLWU_P11

e2| | prcio

st | ] proo

N
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- o
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[ ] Pre2
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[ ] PrB2s
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[ ] PTB20
[ ] PrB19

[ ] PrB18
[ ] PTBI17

[ ] PTB16
] vop

[ ] vss

[ ] P11
[ ] P8I0
[ ] PBo

[ ] PTB3

[ ] PTB2

[ ] PBt

[ ] PTBOLLWU_PS
[ ] REsET D
[ ] PTate

B Eze

1_IN5/CMPO_IN5/ADC1_SE18

|:27

xtaLz2 [ | 28

OUT/CMP1_IN3/ADCO_SE23

vear [_] =0
PTE24 [ | 8
PTE2s [ | o2
PTE26 [ | 98
PTA0 [ =
Piat [ ] s
pa2 [ ]
Pas [ &

ExtaLz2 [ 2

Figure 10-5. 100 LQFP Pinout Diagram

|: 38
PTas [] =

PTA4/LLWU_P3

vop [ 40
VSS |: 4
piat2 [ 4

PTA13/LLWU_P4

]+
PTata [ | 44
pats [ 45
PTate || 4
piat7 [ | 47
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vss [_| 4
prats [ | s
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10.3.4 K64 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.

1 2 3 4 5 6 7 8 9 10 11
PTC4/
A PTC? PTCO prci2 | PTCis | PTC17 PTD1 PTD5 PTD7 PTD9 PTD14 | A
LLWU_PS8
pTC3 | PTCH PTC11/ PTD6/
B | iwo b7 |y o] PTCE [ Lwe pi| PTCM | PTC18 P03 | iy os|  PTOB PTD12 | PTD15 | B
PTCS5/ PTD2 | PTD4/
c | prez || Wiihe| PTO0 | PTCIs | PTCIe | L W pra| PTOM | PTDIS PTEO PTE3 | C
PTC1/ PTDO/ PTE1/ PTE2/ PTE4/
D [ PTB23 PTCO | wu_ps| PTB22 [ PTC1 ) iy prz| PTP1O [ 1wy po | Lewu et | Lewup2 | PTES | P
e | prBis | PTB19 | PTB20 | PTB21 VDD vss PTE6 PTE7 PTE8 PTE9 PTE10 | E
F | prB1e | PTB17 VDD vss VsS VDD vDD |ADCO_DP1| PTET PTE12 vss |F
G | pB1IO | PTBH PTBO PTBS VDD vss |abco_pmi[APCO-DPON yoytas | usso P | G
ADC1_DP3
ADCO_DMO
H | prB7 PTB6 PTBS PTB4 vss vss VDD vop (A ove| VREGIN [ UsBo DM | H
PTBO/ RTC_ |ADC1_DPO/
J | prB3 PTB2 PTBI | Wi ps | PTAM PTA11 PTA2 PTE27 |t up ol ADGO DRa|APCT-DP1| J
ADCO_SE16/, 01 oo
K | Prazo | prazs | pra2z | Praze | PTAM2 PTAS PTA1 PTE25 |CMP1_INZ/ -DMO et _pmi| k
ADCO_SE21 ADCO_DM3
\VREF_OUT
L | RESET.b | PTA24 PTA25 PTA16 PTA9 PTAS PTAO PTE24 gmg(‘)—mgﬁ VREFH | vopa L
ADC1_SE1§]
DAC1_OUT)
—OUT\pc1_setsf
M | PTA19 VSS PTA17 PTA13/ PTA7 PTA4/ PTE28 vBaT  |OMPO_IN4/L oo o/ | VREFL | M
LLWU_P4 LLWU_P3 CMP2_IN3/| apco SE2
lADC1_sE2q
DACO_OUT,
N | prats VDD PTA15 | PTA10 PTAG PTA3 PTE26 | EXTAL32 | XTAL32 [cmP1_IN3/| VSsA | N
lADCO_SE23
1 2 3 4 5 6 7 8 9 10 11

Figure 10-6. 142 CSP Pinout Diagram

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 261




Module Signal Description Tables

10.4 Module Signal Description Tables

The following sections correlate the chip-level signal name with the signal name used in

the module's chapter. They also briefly describe the signal function and direction.

10.4.1 Core Modules
Table 10-3. JTAG Signal Descriptions

Chip signal name Module signal Description /0
name
JTAG_TMS JTAG_TMS/ JTAG Test Mode Selection I/0
SWD_DIO
JTAG_TCLK JTAG_TCLK/ JTAG Test Clock
SWD_CLK
JTAG_TDI JTAG_TDI JTAG Test Data Input I
JTAG_TDO JTAG_TDO/ JTAG Test Data Output o]
TRACE_SWO
JTAG_TRST JTAG_TRST_b  |JTAG Reset
Table 10-4. SWD Signal Descriptions
Chip signal name Module signal Description /0
name
SWD_DIO JTAG_TMS/ Serial Wire Data I/0
SWD_DIO
SWD_CLK JTAG_TCLK/ Serial Wire Clock
SWD_CLK
Table 10-5. TPIU Signal Descriptions
Chip signal name Module signal Description /0
name
TRACE_CLKOUT TRACECLK Trace clock output from the ARM CoreSight debug block (0]
TRACE_D[3:2] TRACEDATA Trace output data from the ARM CoreSight debug block used for 5- (0]
pin interface
TRACE_DI[1:0] TRACEDATA Trace output data from the ARM CoreSight debug block used for (0]
both 5-pin and 3-pin interfaces
TRACE_SWO JTAG_TDO/ Trace output data from the ARM CoreSight debug block over a (0]
TRACE_SWO single pin
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10.4.2 System Modules

Table 10-6. EWM Signal Descriptions

Chip signal name Module signal Description /0
name
EWM_IN EWM_in EWM input for safety status of external safety circuits. The polarity
of EWM_in is programmable using the EWM_CTRL[ASSIN] bit. The
default polarity is active-low.
EWM_OUT EWM_out EWM reset out signal (0]
10.4.3 Clock Modules
Table 10-7. OSC Signal Descriptions
Chip signal name Module signal Description /0
name
EXTALO EXTAL External clock/Oscillator input I
XTALO XTAL Oscillator output (0]
Table 10-8. RTC OSC Signal Descriptions
Chip signal name Module signal Description /0
name
EXTAL32 EXTAL32 32.768 kHz oscillator input I
XTAL32 XTAL32 32.768 kHz oscillator output (0]
10.4.4 Memories and Memory Interfaces
Table 10-9. EzPort Signal Descriptions
Chip signal name Module signal Description /0
name
EZP_CLK EZP_CK EzPort Clock Input
EZP_CS EZP_CS EzPort Chip Select Input
EZP_DI EZP_D EzPort Serial Data In Input
EZP_DO EZP_Q EzPort Serial Data Out Output
Table 10-10. FlexBus Signal Descriptions
Chip signal name Module signal Description /0
name
CLKOUT FB_CLK FlexBus Clock Output (0]
Table continues on the next page...
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Table 10-10.

FlexBus Signal Descriptions
(continued)

Chip signal name

Module signal
name

Description

/0

FB_A[29:16]

FB_A[29:16]

Address Bus

When FlexBus is used in a multiplexed configuration, this bus is not
used.

FB_AD[31:0] '

FB_AD31 - FB_ADO

This is the address and data bus, FB_AD.

The number of byte lanes carrying the data is determined by the
port size associated with the matching chip-select.

The full 32-bit address is driven on the first clock of a bus cycle
(address phase). After the first clock, the data is driven on the bus
(data phase). During the data phase, the address is driven on the
pins not used for data. For example, in 16-bit mode, the lower
address is driven on FB_AD15-FB_ADQ, and in 8-bit mode, the
lower address is driven on FB_AD23-FB_ADO.

I/0

FB_CSI[5:0] 2

General Purpose Chip-Selects—Indicate which external memory or
peripheral is selected. A particular chip-select is asserted when the
transfer address is within the external memory's or peripheral's
address space, as defined in CSAR[BA] and CSMR[BAM].

FB_BE31_24_BLS7_

FB_BE23_16_BLS15
jl
FB_BE15_8_BLS23_
ma
FB_BE7_0_BLS31_2
73

ol

FB_BE_31_24

FB_BE_23_16
FB_BE_15_8
FB_BE_7_0

Byte Enables—Indicate that data is to be latched or driven onto a
specific byte lane of the data bus. CSCR[BEM] determines if these
signals are asserted on reads and writes or on writes only.

For external SRAM or flash devices, the FB_BE outputs should be
connected to individual byte strobe signals.

FB_OE

Output Enable—Sent to the external memory or peripheral to
enable a read transfer. This signal is asserted during read accesses
only when a chip-select matches the current address decode.

FB_LRW

Read/Write—Indicates whether the current bus operation is a read
operation (FB_R/W high) or a write operation (FB_R/W low).

FB_TS/FB_ALE

Transfer Start—Indicates that the chip has begun a bus transaction
and that the address and attributes are valid.

An inverted FB_TS is available as an address latch enable
(FB_ALE), which indicates when the address is being driven on the
FB_AD bus.

FB_TS/FB_ALE is asserted for one bus clock cycle.

The chip can extend this signal until the first positive clock edge
after FB_CS asserts. See CSCR[EXTS] and Extended Transfer
Start/Address Latch Enable.

FB_TSIZ[1:0]

FB_TSIZ1-FB_TSIZ0

Transfer Size—Indicates (along with FB_TBST) the data transfer
size of the current bus operation. The interface supports 8-, 16-,
and 32-bit operand transfers and allows accesses to 8-, 16-, and
32-bit data ports.

* 00b = 4 bytes
e 01b =1 byte

Table continues on the next page...
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Table 10-10. FlexBus Signal Descriptions
(continued)

Chip signal name Module signal Description /0
name

* 10b = 2 bytes
* 11b = 16 bytes (line)

For misaligned transfers, FB_TSIZ1-FB_TSIZO0 indicate the size of
each transfer. For example, if a 32-bit access through a 32-bit port
device occurs at a misaligned offset of 1h, 8 bits are transferred first
(FB_TSIZ1—-FB_TSIZ0 = 01b), 16 bits are transferred next at offset
2h (FB_TSIZ1-FB_TSIZ0 = 10b), and the final 8 bits are transferred
at offset 4h (FB_TSIZ1-FB_TSIZ0 = 01b).

For aligned transfers larger than the port size, FB_TSIZ1-
FB_TSIZO0 behave as follows:

* If bursting is used, FB_TSIZ1-FB_TSIZO0 are driven to the
transfer size.

e If bursting is inhibited, FB_TSIZ1-FB_TSIZO0 first show the
entire transfer size and then show the port size.

For burst-inhibited transfers, FB_TSIZ1-FB_TSIZ0 change with
each FB_TS assertion to reflect the next transfer size.

For transfers to port sizes smaller than the transfer size,
FB_TSIZ1-FB_TSIZ0 indicate the size of the entire transfer on the
first access and the size of the current port transfer on subsequent
transfers. For example, for a 32-bit write to an 8-bit port,
FB_TSIZ1-FB_TSIZ0 are 00b for the first transaction and 01b for
the next three transactions. If bursting is used for a 32-bit write to
an 8-bit port, FB_TSIZ1-FB_TSIZO0 are driven to 00b for the entire
transfer.

FB_TA* FB_TA Transfer Acknowledge—Indicates that the external data transfer is
complete. When FB_TA is asserted during a read transfer, FlexBus
latches the data and then terminates the transfer. When FB_TA is
asserted during a write transfer, the transfer is terminated.

If auto-acknowledge is disabled (CSCR[AA] = 0), the external
memory or peripheral drives FB_TA to terminate the transfer. If
auto-acknowledge is enabled (CSCR[AA] = 1), FB_TA is generated
internally after a specified number of wait states, or the external
memory or peripheral may assert external FB_TA before the wait-
state countdown to terminate the transfer early. The chip deasserts
FB_CS one cycle after the last FB_TA is asserted. During read
transfers, the external memory or peripheral must continue to drive
data until FB_TA is recognized. For write transfers, the chip
continues driving data one clock cycle after FB_CS is deasserted.

The number of wait states is determined by CSCR or the external
FB_TA input. If the external FB_TA is used, the external memory or
peripheral has complete control of the number of wait states.

Note: External memory or peripherals should assert FB_TA only
while the FB_CS signal to the external memory or
peripheral is asserted.

Table continues on the next page...
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Table 10-10. FlexBus Signal Descriptions
(continued)

Chip signal name Module signal Description /0
name

The CSPMCR register controls muxing of FB_TA with other
signals. When the CSPMCR register does not allow fb_ta
control, auto-acknowledge must be used (CSCR[AA] =1'b1);
otherwise the bus may hang.

FB_TBST FB_TBST Transfer Burst—Indicates that a burst transfer is in progress as (0]
driven by the chip. A burst transfer can be 2 to 16 beats depending
on FB_TSIZ1-FB_TSIZ0 and the port size.

Note: When a burst transfer is in progress (FB_TBST = 0Ob), the
transfer size is 16 bytes (FB_TSIZ1-FB_TSIZ0 = 11b), and
the address is misaligned within the 16-byte boundary, the
external memory or peripheral must be able to wrap around
the address.

FB_AD[23:21] not available on 100-LQFP devices.
FB_CS3not available on 100-LQFP devices.
FB_BE7_0_BLS31_24not available on 100-LQFP devices.
FB_TAnotavailable on 100-LQFP devices.

PN~

10.4.5 Analog
Table 10-11. ADC 0 Signal Descriptions

Chip signal name Module signal Description /0
name
ADCO_DP[3:0] DADP3-DADPO |Differential Analog Channel Inputs I
ADCO_DMI[3:0] DADM3-DADMO |Differential Analog Channel Inputs I
ADCO_SE[18:4] ADn Single-Ended Analog Channel Inputs I
[18,17,15:12,9:4]
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vbpa Analog Power Supply I
VSSA Vssa Analog Ground I

Table 10-12. ADC 1 Signal Descriptions

Chip signal name Module signal Description /0
name
ADC1_DP3, DADP3-DADPO |Differential Analog Channel Inputs
ADC1_DPI[1:0]
ADC1_DMS, DADM3-DADMO |Differential Analog Channel Inputs
ADC1_DM[1:0]

Table continues on the next page...
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Table 10-12. ADC 1 Signal Descriptions (continued)
Chip signal name Module signal Description /0
name
ADC1_SE[18:418:17, ADn Single-Ended Analog Channel Inputs
15:12,9:418:17,15:13
,9:4]
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground I
Table 10-13. CMP 0 Signal Descriptions
Chip signal name Module signal Description /0
name
CMPO_IN[5:0] IN[5:0] Analog voltage inputs I
CMPO_OUT CMPO Comparator output (0]
Table 10-14. CMP 2 Signal Descriptions
Chip signal name Module signal Description /0
name
CMP2_IN[5:0] IN[5:0] Analog voltage inputs I
CMP2_OUT CMPO Comparator output (0]
Table 10-15. DAC 0 Signal Descriptions
Chip signal name Module signal Description /0
name
DACO_OUT — DAC output o]
Table 10-16. DAC 1 Signal Descriptions
Chip signal name Module signal Description /0
name
DAC1_OUT — DAC output o]
Table 10-17. VREF Signal Descriptions
Chip signal name Module signal Description /0
name
VREF_OUT VREF_OUT Internally-generated Voltage Reference output (0]
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10.4.6 Timer Modules
Table 10-18. FTM 0 Signal Descriptions

Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTMO_CH][7:0] CHn FTM channel (n), where n can be 7-0 I/0
FTMO_FLT[3:0] FAULT,] Fault input (j), where j can be 3-0 I

Table 10-19. FTM 1 Signal Descriptions

Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM1_CH[1:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM1_FLTO FAULT] Fault input (j), where j can be 3-0 I
FTM1_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with I
quadrature decoder phase A.
FTM1_QD_PHB PHB Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.

Table 10-20. FTM 2 Signal Descriptions

Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM2_CH[1:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM2_FLTO FAULT,; Fault input (j), where j can be 3-0 I
FTM2_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with I
quadrature decoder phase A.
FTM2_QD_PHB PHB Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.

Table 10-21. FTM 3 Signal Descriptions

Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM3_CH][7:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM3_FLT[3:0] FAULT,; Fault input (j), where j can be 3-0 I
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Table 10-22. CMT Signal Descriptions

Chip signal name Module signal Description /0
name
CMT_IRO CMT_IRO Infrared Output (0]
Table 10-23. PDB 0 Signal Descriptions
Chip signal name Module signal Description /0
name
PDBO_EXTRG EXTRG External Trigger Input Source
If the PDB is enabled and external trigger input source is selected,
a positive edge on the EXTRG signal resets and starts the counter.
Table 10-24. LPTMR 0 Signal Descriptions
Chip signal name Module signal Description /0
name
LPTMRO_ALTI[:1] LPTMRO_ALTn Pulse Counter Input pin
Table 10-25. RTC Signal Descriptions
Chip signal name Module signal Description /0
name
VBAT — Backup battery supply for RTC and VBAT register file I
RTC_CLKOUT RTC_CLKOUT 1 Hz square-wave output or OSCERCLK (0]
Chip signal name Module signal name Description /0
ENETO0_1588_TMRJ[3:0] 1588_TMRn Capture/Compare block I/0
input/output event bus.
When configured for capture
and a rising edge is detected,
the current timer value is
latched and transferred into
the corresponding
ENET_TCCRRn register for
inspection by software.
When configured for
compare, the corresponding
signal 1588_TMRn is
asserted for one cycle when
the timer reaches the
compare value programmed
in ENET_TCCRn.
An interrupt can be triggered
if ENET_TCSRn[TIE] is set.
Table continues on the next page...
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Chip signal name

Module signal name

Description

/0

A DMA request can be
triggered if
ENET_TCSRn[TDRE] is set.

ENET_1588_CLKIN

1588_TMRn

Capture/Compare block
input/output event bus.

When configured for capture
and a rising edge is detected,
the current timer value is
latched and transferred into
the corresponding
ENET_TCCRn register for
inspection by software.

When configured for
compare, the corresponding
signal 1588_TMRn is
asserted for one cycle when
the timer reaches the
compare value programmed
in ENET_TCCRn.

An interrupt can be triggered
if ENET_TCSRn[TIE] is set.

A DMA request can be
triggered if
ENET_TCSRn[TDRE] is set.

I/0

10.4.7 Communication Interfaces

Ethernet MII Signal Descriptions

Chip signal name

Module signal name

Description

/0

MI10_COL

MII_COL

Asserted upon detection of a
collision and remains
asserted while the collision
persists. This signal is not
defined for full-duplex mode.

MII0_CRS

MII_CRS

Carrier sense. When
asserted, indicates transmit
or receive medium is not idle.

In RMII mode, this signal is
present on the
RMII_CRS_DV pin.

MII0O_MDC

MII_MDC

Output clock provides a
timing reference to the PHY
for data transfers on the
MDIO signal.

MII0_MDIO

MII_MDIO

Transfers control information
between the external PHY
and the media-access

Table continues on the next page...
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Chip signal name

Module signal name

Description

/0

controller. Data is
synchronous to MDC. This
signal is an input after reset.

MII0_RXCLK

MII_RXCLK

In MIl mode, provides a
timing reference for RXDV,
RXD[3:0], and RXER.

MIIO_RXDV

MII_RXDV

Asserting this input indicates
the PHY has valid nibbles
present on the MIl. RXDV
must remain asserted from
the first recovered nibble of
the frame through to the last
nibble. Asserting RXDV must
start no later than the SFD
and exclude any EOF.

In RMII mode, this pin also
generates the CRS signal.

MI10_RXD[3:0]

MII_RXD[3:0]

Contains the Ethernet input
data transferred from the
PHY to the media-access
controller when RXDV is
asserted.

MIIO_RXER

MII_RXER

When asserted with RXDV,
indicates the PHY detects an
error in the current frame.

MIIO_TXCLK

MII_TXCLK

Input clock, which provides a
timing reference for TXEN,
TXD[3:0], and TXER.

MII0_TXDI[3:0]

MII_TXD[3:0]

Serial output Ethernet data.
Only valid during TXEN
assertion.

MIIO_TXEN

MIL_TXEN

Indicates when valid nibbles
are present on the MIl. This
signal is asserted with the
first nibble of a preamble and
is deasserted before the first
TXCLK following the final
nibble of the frame.

MIIO_TXER

MIL_TXER

When asserted for one or
more clock cycles while
TXEN is also asserted, PHY
sends one or more illegal
symbols.

Ethernet RMII Signal Descriptions

Chip signal name

Module signal name

Description

/0

RMII0_MDC

RMII_MDC

Output clock provides a
timing reference to the PHY
for data transfers on the
MDIO signal.

Table continues on the next page...
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Chip signal name

Module signal name

Description

/0

RMII0_MDIO

RMII_MDIO

Transfers control information
between the external PHY
and the media-access
controller. Data is
synchronous to MDC. This
signal is an input after reset.

I/0

RMII0_CRS_DV

RMII_CRS_DV

Asserting this input indicates
the PHY has valid nibbles
present on the MIl. RXDV
must remain asserted from
the first recovered nibble of
the frame through to the last
nibble. Asserting RXDV must
start no later than the SFD
and exclude any EOF.

In RMII mode, this pin also
generates the CRS signal.

RMII0_RXD[1:0]

RMII_RXD[1:0]

Contains the Ethernet input
data transferred from the
PHY to the media-access
controller when RXDV is
asserted.

RMIIO_RXER

RMII_RXER

When asserted with RXDV,
indicates the PHY detects an
error in the current frame.

RMII0_TXD[1:0]

RMII_TXD[1:0]

Serial output Ethernet data.
Only valid during TXEN
assertion.

RMIIO_TXEN

RMII_TXEN

Indicates when valid nibbles
are present on the MII. This
signal is asserted with the
first nibble of a preamble and
is deasserted before the first
TXCLK following the final
nibble of the frame.

Internal OSCERCLK clock!

RMII_REF_CLK

In RMII mode, this signal is
the reference clock for
receive, transmit, and the
control interface.

1. In RMIl mode, the OSCERCLK clock is the clock source for ENET controller. See Ethernet Clocking for details.
Table 10-26. USB FS OTG Signal Descriptions

Chip signal name Module signal Description /0
name
USB0_DM usb_dm USB D- analog data signal on the USB bus. I/0
USBO_DP usb_dp USB D+ analog data signal on the USB bus. I/0
USB_CLKIN — Alternate USB clock input I
USB_SOF_OUT — USB start of frame signal. Can be used to make the USB start of (0]
frame available for external synchronization.
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Table 10-27. USB VREG Signal Descriptions

NXP Semiconductors

Chip signal name Module signal Description /0
name
VOUTS33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I
Table 10-28. CAN 0 Signal Descriptions
Chip signal name Module signal Description /0
name
CANO_RX CAN Rx CAN Receive Pin Input
CANO_TX CAN Tx CAN Transmit Pin Output
Table 10-29. SPI 0 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI0_PCSO0 PCS0/SS Peripheral Chip Select 0 (O) I/0
SPI0_PCS[3:1] PCS[1:3] Peripheral Chip Selects 1-3 (0]
SPI0_PCS4 PCS4 Peripheral Chip Select 4 (0]
SPIO_PCS5 PCS5/ PCSS Peripheral Chip Select 5 /Peripheral Chip Select Strobe (0]
SPIO_SIN SIN Serial Data In I
SPI0_SOUT SOuUT Serial Data Out (0]
SPI0O_SCK SCK Serial Clock (O) I/0
Table 10-30. SPI 1 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI1_PCS0 PCS0/SS Peripheral Chip Select 0 (O) I/0
SPI1_SIN SIN Serial Data In I
SPI1_SOUT SOUT Serial Data Out (0]
SPI1_SCK SCK Serial Clock (O) I/0
Table 10-31. SPI 2 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI2_PCSO0 PCS0/SS Peripheral Chip Select 0 (O) I/0
SPI2_PCSH1 PCS[1:3] Peripheral Chip Selects 1-3 (0]
SPI2_SIN SIN Serial Data In I
SPI2_SOUT SOuUT Serial Data Out (0]
SPI2_SCK SCK Serial Clock (O) I/0
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Table 10-32. I2C 0 Signal Descriptions

Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C0_SDA SDA Bidirectional serial data line of the I2C system. /0
Table 10-33. I2C 1 Signal Descriptions
Chip signal name Module signal Description 110
name
12C1_SCL SCL Bidirectional serial clock line of the 12C system. /0
12C1_SDA SDA Bidirectional serial data line of the I12C system. I/0
Table 10-34. I2C 2 Signal Descriptions
Chip signal name Module signal Description /0
name
12C2_SCL SCL Bidirectional serial clock line of the I12C system. I/0
2C2_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-35. UART 0 Signal Descriptions
Chip signal name Module signal Description 110
name
UARTO_CTS CTS Clear to send I
UARTO_RTS RTS Request to send (0]
UARTO_TX TXD Transmit data (6]
UARTO_RX RXD Receive data I
Table 10-36. UART 1 Signal Descriptions
Chip signal name Module signal Description /0
name
UART1_CTS CTS Clear to send I
UART1_RTS RTS Request to send (0]
UART1_TX TXD Transmit data (0]
UART1_RX RXD Receive data I
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Table 10-37. UART 2 Signal Descriptions

Chip signal name Module signal Description /0
name
UART2_CTS CTS Clear to send I
UART2_RTS RTS Request to send 0
UART2_TX TXD Transmit data (0]
UART2_RX RXD Receive data I

Table 10-38. UART 3 Signal Descriptions

Chip signal name Module signal Description /0
name
UART3_CTS CTS Clear to send I
UART3_RTS RTS Request to send o]
UART3_TX TXD Transmit data (0]
UART3_RX RXD Receive data |

Table 10-39. UART 4 Signal Descriptions

Chip signal name Module signal Description /0
name
UART4_CTS CTS Clear to send I
UART4_RTS RTS Request to send O
UART4_TX TXD Transmit data (6]
UART4_RX RXD Receive data I

Table 10-40. UART 5 Signal Descriptions

Chip signal name Module signal Description /0
name
UART5_CTS CTS Clear to send I
UART5_RTS RTS Request to send 0
UART5_TX TXD Transmit data (0]
UART5_RX RXD Receive data I

Table 10-41. SDHC Signal Descriptions

Chip signal name Module signal Description /0
name
SDHCO_CLKIN — SDHC clock input I
SDHCO_DCLK SDHC_DCLK Generated clock used to drive the MMC, SD, SDIO or CE-ATA (@]
cards.
SDHCO0_CMD SDHC_CMD Send commands to and receive responses from the card. I/0

Table continues on the next page...
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Table 10-41.

SDHC Signal Descriptions (continued)

the bit clock and is tristated whenever not transmitting a word.

Chip signal name Module signal Description /0
name
SDHCO0_DO0 SDHC_DO0 DATO line or busy-state detect I/0
SDHCO0_D1 SDHC_D1 8-bit mode: DAT1 line I/O
4-bit mode: DAT1 line or interrupt detect
1-bit mode: Interrupt detect
SDHCO0_D2 SDHC_D2 4-/8-bit mode: DAT2 line or read wait I/0
1-bit mode: Read wait
SDHCO0_D3 SDHC_D3 4-/8-bit mode: DATS3 line or configured as card detection pin I/0
1-bit mode: May be configured as card detection pin
SDHCO0_D4 SDHC_D4 DAT4 line in 8-bit mode /0
Not used in other modes
SDHCO0_D5 SDHC_D5 DATS line in 8-bit mode I/O
Not used in other modes
SDHCO0_D6 SDHC_D6 DATS line in 8-bit mode I/O
Not used in other modes
SDHCO0_D7 SDHC_D7 DAT7 line in 8-bit mode I/O
Not used in other modes
Table 10-42. 12S0 Signal Descriptions
Chip signal name Module signal Description /0
name
12S0_MCLK SAI_MCLK Audio Master Clock. The master clock is an input when externally I/O
generated and an output when internally generated.
12S0_RX_BCLK SAI_RX_BCLK Receive Bit Clock. The bit clock is an input when externally I/0
generated and an output when internally generated.
12S0_RX_FS SAI_RX_SYNC Receive Frame Sync. The frame sync is an input sampled I/0
synchronously by the bit clock when externally generated and an
output generated synchronously by the bit clock when internally
generated.
12S0_RXD SAI_RX_DATA[1:0] |Receive Data. The receive data is sampled synchronously by the
bit clock.
12S0_TX_BCLK SAI_TX_BCLK Transmit Bit Clock. The bit clock is an input when externally /10
generated and an output when internally generated.
12S0_TX_FS SAI_TX_SYNC Transmit Frame Sync. The frame sync is an input sampled /10
synchronously by the bit clock when externally generated and an
output generated synchronously by the bit clock when internally
generated.
12S0_TXD SAI_TX_DATA[1:0] |Transmit Data. The transmit data is generated synchronously by (0]
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10.4.8 Human-Machine Interfaces (HMI)
Table 10-43. GPIO Signal Descriptions

Chip signal name Module signal Description /0
name

PTA[31:0] PORTA31-PORTAOQ |General-purpose input/output I/0

PTB[31:0]" PORTB31-PORTBO |General-purpose input/output I/0

PTC[31:0] PORTC31-PORTCO | General-purpose input/output I/0

PTD[31:0]' PORTD31-PORTDO |General-purpose input/output I/0

PTE[31:0] PORTE31-PORTEOQ |General-purpose input/output I/0

1. The available GPIO pins depends on the specific package. See the signal multiplexing section for which exact GPIO
signals are available.
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Chapter 11
Port Control and Interrupts (PORT)

11.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

11.2 Overview

The Port Control and Interrupt (PORT) module provides support for port control, digital
filtering, and external interrupt functions.

Most functions can be configured independently for each pin in the 32-bit port and affect
the pin regardless of its pin muxing state.

There is one instance of the PORT module for each port. Not all pins within each port are
implemented on a specific device.

11.2.1 Features

The PORT module has the following features:

* Pin interrupt
* Interrupt flag and enable registers for each pin
* Support for edge sensitive (rising, falling, both) or level sensitive (low, high)

configured per pin

* Support for interrupt or DMA request configured per pin
* Asynchronous wake-up in low-power modes
* Pin interrupt is functional in all digital pin muxing modes

* Digital input filter on selected pins
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* Digital input filter for each pin, usable by any digital peripheral muxed onto the
pin
* Individual enable or bypass control field per pin
* Selectable clock source for digital input filter with a five bit resolution on filter
size
 Functional in all digital pin multiplexing modes
* Port control
* Individual pull control fields with pullup, pulldown, and pull-disable support
* Individual drive strength field supporting high and low drive strength
e Individual slew rate field supporting fast and slow slew rates
* Individual input passive filter field supporting enable and disable of the
individual input passive filter
* Individual open drain field supporting enable and disable of the individual open
drain output
* Individual mux control field supporting analog or pin disabled, GP1O, and up to
six chip-specific digital functions
» Pad configuration fields are functional in all digital pin muxing modes.

11.2.2 Modes of operation

11.2.2.1 Run mode
In Run mode, the PORT operates normally.

11.2.2.2 Wait mode

In Wait mode, PORT continues to operate normally and may be configured to exit the
Low-Power mode if an enabled interrupt is detected. DMA requests are still generated
during the Wait mode, but do not cause an exit from the Low-Power mode.

11.2.2.3 Stop mode

In Stop mode, the PORT can be configured to exit the Low-Power mode via an
asynchronous wake-up signal if an enabled interrupt is detected.

In Stop mode, the digital input filters are bypassed unless they are configured to run from
the LPO clock source.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
280 NXP Semiconductors




4
Chapter 11 Port Control and Interrupts (PORT)

11.2.2.4 Debug mode
In Debug mode, PORT operates normally.

11.3 External signal description

The table found here describes the PORT external signal.
Table 11-1. Signal properties

Name Function 110 Reset Pull
PORTx[31:0] External interrupt /0 0
NOTE

Not all pins within each port are implemented on each device.

11.4 Detailed signal description

The table found here contains the detailed signal description for the PORT interface.
Table 11-2. PORT interface—detailed signal description

Signal 110 Description
PORTX[31:0] I/O External interrupt.
State meaning Asserted—ypin is logic 1.

Negated—pin is logic O.

Timing Assertion—may occur at any time and can assert
asynchronously to the system clock.

Negation—may occur at any time and can assert
asynchronously to the system clock.

11.5 Memory map and register definition

Any read or write access to the PORT memory space that is outside the valid memory
map results in a bus error. All register accesses complete with zero wait states.
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PORT memory map

Absolute

address Register name (ivr\nli:itt:) Access | Reset value S:‘:;an
(hex)
4004_9000 |Pin Control Register n (PORTA_PCRO0) 32 R/W See section | 11.5.1/288
4004_9004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.5.1/288
4004_9008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.5.1/288
4004_900C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.5.1/288
4004_9010 |Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.5.1/288
4004_9014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.5.1/288
4004_9018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.5.1/288
4004_901C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.5.1/288
4004_9020 |Pin Control Register n (PORTA_PCR8) 32 R/W See section | 11.5.1/288
4004_9024 |Pin Control Register n (PORTA_PCR9) 32 R/W See section | 11.5.1/288
4004_9028 |Pin Control Register n (PORTA_PCR10) 32 R/W See section | 11.5.1/288
4004_902C |Pin Control Register n (PORTA_PCR11) 32 R/W See section | 11.5.1/288
4004_9030 |Pin Control Register n (PORTA_PCR12) 32 R/W See section | 11.5.1/288
4004_9034 |Pin Control Register n (PORTA_PCR13) 32 R/W See section | 11.5.1/288
4004_9038 |Pin Control Register n (PORTA_PCR14) 32 R/W See section | 11.5.1/288
4004_903C |Pin Control Register n (PORTA_PCR15) 32 R/W See section | 11.5.1/288
4004_9040 |Pin Control Register n (PORTA_PCR16) 32 R/W See section | 11.5.1/288
4004_9044 |Pin Control Register n (PORTA_PCR17) 32 R/W See section | 11.5.1/288
4004_9048 |Pin Control Register n (PORTA_PCR18) 32 R/W See section | 11.5.1/288
4004_904C |Pin Control Register n (PORTA_PCR19) 32 R/W See section | 11.5.1/288
4004_9050 |Pin Control Register n (PORTA_PCR20) 32 R/W See section | 11.5.1/288
4004_9054 |Pin Control Register n (PORTA_PCR21) 32 R/W See section | 11.5.1/288
4004_9058 |Pin Control Register n (PORTA_PCR22) 32 R/W See section | 11.5.1/288
4004_905C |Pin Control Register n (PORTA_PCR23) 32 R/W See section | 11.5.1/288
4004_9060 |Pin Control Register n (PORTA_PCR24) 32 R/W See section | 11.5.1/288
4004_9064 |Pin Control Register n (PORTA_PCR25) 32 R/W See section | 11.5.1/288
4004_9068 |Pin Control Register n (PORTA_PCR26) 32 R/W See section | 11.5.1/288
4004_906C |Pin Control Register n (PORTA_PCR27) 32 R/W See section | 11.5.1/288
4004_9070 |Pin Control Register n (PORTA_PCR28) 32 R/W See section | 11.5.1/288
4004_9074 |Pin Control Register n (PORTA_PCR29) 32 R/W See section | 11.5.1/288
4004_9078 |Pin Control Register n (PORTA_PCR30) 32 R/W See section | 11.5.1/288
4004_907C |Pin Control Register n (PORTA_PCR31) 32 R/W See section | 11.5.1/288
W
4004_9080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always | 0000_0000h | 11.5.2/291
reads 0)
W
4004_9084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always | 0000_0000h | 11.5.3/291
reads 0)

4004_90A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 0000_0000h | 11.5.4/292

Table continues on the next page...

K64 Sub-Family Reference Manual, Rev. 3, July 2017

282

NXP Semiconductors




4
Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

232?::: Register name (i":igittl;) Access | Reset value S:‘:;Zn/
(hex)
4004_90C0 |Digital Filter Enable Register (PORTA_DFER) 32 R/W | 0000_0000h | 11.5.5/292
4004_90C4 |Digital Filter Clock Register (PORTA_DFCR) 32 R/W | 0000_0000h | 11.5.6/293
4004_90C8 |Digital Filter Width Register (PORTA_DFWR) 32 R/W | 0000_0000h | 11.5.7/293
4004_A000 |Pin Control Register n (PORTB_PCRO) 32 R/W See section | 11.5.1/288
4004_A004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.5.1/288
4004_A008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.5.1/288
4004_A00C |Pin Control Register n (PORTB_PCR3) 32 R/W See section | 11.5.1/288
4004_A010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.5.1/288
4004_A014 |Pin Control Register n (PORTB_PCRS5) 32 R/W See section | 11.5.1/288
4004_A018 |Pin Control Register n (PORTB_PCR®6) 32 R/W See section | 11.5.1/288
4004_A01C |Pin Control Register n (PORTB_PCR?7) 32 R/W See section | 11.5.1/288
4004_A020 |Pin Control Register n (PORTB_PCRS8) 32 R/W See section | 11.5.1/288
4004_A024 |Pin Control Register n (PORTB_PCR9) 32 R/W See section | 11.5.1/288
4004_A028 |Pin Control Register n (PORTB_PCR10) 32 R/W See section | 11.5.1/288
4004_A02C |Pin Control Register n (PORTB_PCR11) 32 R/W See section | 11.5.1/288
4004_A030 |Pin Control Register n (PORTB_PCR12) 32 R/W See section | 11.5.1/288
4004_A034 |Pin Control Register n (PORTB_PCR13) 32 R/W See section | 11.5.1/288
4004_A038 |Pin Control Register n (PORTB_PCR14) 32 R/W See section | 11.5.1/288
4004_A03C |Pin Control Register n (PORTB_PCR15) 32 R/W See section | 11.5.1/288
4004_A040 |Pin Control Register n (PORTB_PCR16) 32 R/W See section | 11.5.1/288
4004_A044 |Pin Control Register n (PORTB_PCR17) 32 R/W See section | 11.5.1/288
4004_A048 |Pin Control Register n (PORTB_PCR18) 32 R/W See section | 11.5.1/288
4004_A04C |Pin Control Register n (PORTB_PCR19) 32 R/W See section | 11.5.1/288
4004_A050 |Pin Control Register n (PORTB_PCR20) 32 R/W See section | 11.5.1/288
4004_A054 |Pin Control Register n (PORTB_PCR21) 32 R/W See section | 11.5.1/288
4004_A058 |Pin Control Register n (PORTB_PCR22) 32 R/W See section | 11.5.1/288
4004_A05C |Pin Control Register n (PORTB_PCR23) 32 R/W See section | 11.5.1/288
4004_A060 |Pin Control Register n (PORTB_PCR24) 32 R/W See section | 11.5.1/288
4004_A064 |Pin Control Register n (PORTB_PCR25) 32 R/W See section | 11.5.1/288
4004_A068 |Pin Control Register n (PORTB_PCR26) 32 R/W See section | 11.5.1/288
4004_A06C |Pin Control Register n (PORTB_PCR27) 32 R/W See section | 11.5.1/288
4004_A070 |Pin Control Register n (PORTB_PCR28) 32 R/W See section | 11.5.1/288
4004_A074 |Pin Control Register n (PORTB_PCR29) 32 R/W See section | 11.5.1/288
4004_A078 |Pin Control Register n (PORTB_PCR30) 32 R/W See section | 11.5.1/288
4004_A07C |Pin Control Register n (PORTB_PCR31) 32 R/W See section | 11.5.1/288
W
4004_A080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always | 0000_0000h | 11.5.2/291
reads 0)
Table continues on the next page...
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PORT memory map (continued)

232?::: Register name (i":igittl;) Access | Reset value S:‘:;Zn/
(hex)
W
4004_A084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always | 0000_0000h | 11.5.3/291
reads 0)
4004_AOAO |Interrupt Status Flag Register (PORTB_ISFR) 32 wic 0000_0000h | 11.5.4/292
4004_A0CO |Digital Filter Enable Register (PORTB_DFER) 32 R/W | 0000_0000h | 11.5.5/292
4004_A0C4 |Digital Filter Clock Register (PORTB_DFCR) 32 R/W | 0000_0000h | 11.5.6/293
4004_A0C8 |Digital Filter Width Register (PORTB_DFWR) 32 R/W | 0000_0000h | 11.5.7/293
4004_B000 |Pin Control Register n (PORTC_PCRO0) 32 R/W See section | 11.5.1/288
4004_B004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.5.1/288
4004_B008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.5.1/288
4004_B00C |Pin Control Register n (PORTC_PCRS3) 32 R/W See section | 11.5.1/288
4004_B010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.5.1/288
4004_B014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.5.1/288
4004_B018 |Pin Control Register n (PORTC_PCR®6) 32 R/W See section | 11.5.1/288
4004_B01C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.5.1/288
4004_B020 |Pin Control Register n (PORTC_PCRS) 32 R/W See section | 11.5.1/288
4004_B024 |Pin Control Register n (PORTC_PCR9) 32 R/W See section | 11.5.1/288
4004_B028 |Pin Control Register n (PORTC_PCR10) 32 R/W See section | 11.5.1/288
4004_B02C |Pin Control Register n (PORTC_PCR11) 32 R/W See section | 11.5.1/288
4004_B030 |Pin Control Register n (PORTC_PCR12) 32 R/W See section | 11.5.1/288
4004_B034 |Pin Control Register n (PORTC_PCR13) 32 R/W See section | 11.5.1/288
4004_B038 |Pin Control Register n (PORTC_PCR14) 32 R/W See section | 11.5.1/288
4004_B03C |Pin Control Register n (PORTC_PCR15) 32 R/W See section | 11.5.1/288
4004_B040 |Pin Control Register n (PORTC_PCR16) 32 R/W See section | 11.5.1/288
4004_B044 |Pin Control Register n (PORTC_PCR17) 32 R/W See section | 11.5.1/288
4004_B048 |Pin Control Register n (PORTC_PCR18) 32 R/W See section | 11.5.1/288
4004_B04C |Pin Control Register n (PORTC_PCR19) 32 R/W See section | 11.5.1/288
4004_B050 |Pin Control Register n (PORTC_PCR20) 32 R/W See section | 11.5.1/288
4004_B054 |Pin Control Register n (PORTC_PCR21) 32 R/W See section | 11.5.1/288
4004_B058 |Pin Control Register n (PORTC_PCR22) 32 R/W See section | 11.5.1/288
4004_B05C |Pin Control Register n (PORTC_PCR23) 32 R/W See section | 11.5.1/288
4004_B060 |Pin Control Register n (PORTC_PCR24) 32 R/W See section | 11.5.1/288
4004_B064 |Pin Control Register n (PORTC_PCR25) 32 R/W See section | 11.5.1/288
4004_B068 |Pin Control Register n (PORTC_PCR26) 32 R/W See section | 11.5.1/288
4004_B06C |Pin Control Register n (PORTC_PCR27) 32 R/W See section | 11.5.1/288
4004_B070 |Pin Control Register n (PORTC_PCR28) 32 R/W See section | 11.5.1/288
4004_B074 |Pin Control Register n (PORTC_PCR29) 32 R/W See section | 11.5.1/288
4004_B078 |Pin Control Register n (PORTC_PCR30) 32 R/W See section | 11.5.1/288
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Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

232?::: Register name (i":igittl;) Access | Reset value S:‘:;Zn/
(hex)
4004_B07C |Pin Control Register n (PORTC_PCR31) 32 R/W See section | 11.5.1/288
W
4004_B080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always | 0000_0000h | 11.5.2/291
reads 0)
W
4004_B084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always | 0000_0000h | 11.5.3/291
reads 0)
4004_BOAO |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 0000_0000h | 11.5.4/292
4004_B0CO |Digital Filter Enable Register (PORTC_DFER) 32 R/W | 0000_0000h | 11.5.5/292
4004_B0C4 |Digital Filter Clock Register (PORTC_DFCR) 32 R/W | 0000_0000h | 11.5.6/293
4004_B0C8 |Digital Filter Width Register (PORTC_DFWR) 32 R/W | 0000_0000h | 11.5.7/293
4004_CO000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.5.1/288
4004_CO004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.5.1/288
4004_C008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.5.1/288
4004_C00C |Pin Control Register n (PORTD_PCRB) 32 R/W See section | 11.5.1/288
4004_C010 |Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.5.1/288
4004_CO014 |Pin Control Register n (PORTD_PCR5) 32 R/W See section | 11.5.1/288
4004_C018 |Pin Control Register n (PORTD_PCRS6) 32 R/W See section | 11.5.1/288
4004_CO01C |Pin Control Register n (PORTD_PCR?7) 32 R/W See section | 11.5.1/288
4004_C020 |Pin Control Register n (PORTD_PCRS) 32 R/W See section | 11.5.1/288
4004_C024 |Pin Control Register n (PORTD_PCR9) 32 R/W See section | 11.5.1/288
4004_C028 |Pin Control Register n (PORTD_PCR10) 32 R/W See section | 11.5.1/288
4004_C02C |Pin Control Register n (PORTD_PCR11) 32 R/W See section | 11.5.1/288
4004_CO030 |Pin Control Register n (PORTD_PCR12) 32 R/W See section | 11.5.1/288
4004_C034 |Pin Control Register n (PORTD_PCR13) 32 R/W See section | 11.5.1/288
4004_C038 |Pin Control Register n (PORTD_PCR14) 32 R/W See section | 11.5.1/288
4004_CO03C |Pin Control Register n (PORTD_PCR15) 32 R/W See section | 11.5.1/288
4004_C040 |Pin Control Register n (PORTD_PCR16) 32 R/W See section | 11.5.1/288
4004_C044 |Pin Control Register n (PORTD_PCR17) 32 R/W See section | 11.5.1/288
4004_C048 |Pin Control Register n (PORTD_PCR18) 32 R/W See section | 11.5.1/288
4004_C04C |Pin Control Register n (PORTD_PCR19) 32 R/W See section | 11.5.1/288
4004_C050 |Pin Control Register n (PORTD_PCR20) 32 R/W See section | 11.5.1/288
4004_C054 |Pin Control Register n (PORTD_PCR21) 32 R/W See section | 11.5.1/288
4004_C058 |Pin Control Register n (PORTD_PCR22) 32 R/W See section | 11.5.1/288
4004_CO05C |Pin Control Register n (PORTD_PCR23) 32 R/W See section | 11.5.1/288
4004_C060 |Pin Control Register n (PORTD_PCR24) 32 R/W See section | 11.5.1/288
4004_C064 |Pin Control Register n (PORTD_PCR25) 32 R/W See section | 11.5.1/288
4004_C068 |Pin Control Register n (PORTD_PCR26) 32 R/W See section | 11.5.1/288
4004_C06C |Pin Control Register n (PORTD_PCR27) 32 R/W See section | 11.5.1/288
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PORT memory map (continued)

Absolute

address Register name (i":igittl;) Access | Reset value S:c;t;zn/
(hex)
4004_C070 |Pin Control Register n (PORTD_PCR28) 32 R/W See section | 11.5.1/288
4004_CO074 |Pin Control Register n (PORTD_PCR29) 32 R/W See section | 11.5.1/288
4004_C078 |Pin Control Register n (PORTD_PCR30) 32 R/W See section | 11.5.1/288
4004_C07C |Pin Control Register n (PORTD_PCR31) 32 R/W See section | 11.5.1/288
W
4004_C080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always | 0000_0000h | 11.5.2/291
reads 0)
W
4004_C084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always | 0000_0000h | 11.5.3/291
reads 0)

4004_COAO |Interrupt Status Flag Register (PORTD_ISFR) 32 wic 0000_0000h | 11.5.4/292
4004_CO0CO |Digital Filter Enable Register (PORTD_DFER) 32 R/W | 0000_0000h | 11.5.5/292
4004_C0C4 |Digital Filter Clock Register (PORTD_DFCR) 32 R/W | 0000_0000h | 11.5.6/293
4004_C0C8 |Digital Filter Width Register (PORTD_DFWR) 32 R/W | 0000_0000h | 11.5.7/293
4004_D000 |Pin Control Register n (PORTE_PCRO) 32 R/W See section | 11.5.1/288
4004_D004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.5.1/288
4004_D008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.5.1/288
4004_DO00C |Pin Control Register n (PORTE_PCR3) 32 R/W See section | 11.5.1/288
4004_D010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.5.1/288
4004_D014 |Pin Control Register n (PORTE_PCRS5) 32 R/W See section | 11.5.1/288
4004_D018 |Pin Control Register n (PORTE_PCR6) 32 R/W See section | 11.5.1/288
4004_D01C |Pin Control Register n (PORTE_PCR?7) 32 R/W See section | 11.5.1/288
4004_D020 |Pin Control Register n (PORTE_PCRS) 32 R/W See section | 11.5.1/288
4004_D024 |Pin Control Register n (PORTE_PCR9) 32 R/W See section | 11.5.1/288
4004_D028 |Pin Control Register n (PORTE_PCR10) 32 R/W See section | 11.5.1/288
4004_D02C |Pin Control Register n (PORTE_PCR11) 32 R/W See section | 11.5.1/288
4004_D030 |Pin Control Register n (PORTE_PCR12) 32 R/W See section | 11.5.1/288
4004_D034 |Pin Control Register n (PORTE_PCR13) 32 R/W See section | 11.5.1/288
4004_D038 |Pin Control Register n (PORTE_PCR14) 32 R/W See section | 11.5.1/288
4004_DO03C |Pin Control Register n (PORTE_PCR15) 32 R/W See section | 11.5.1/288
4004_D040 |Pin Control Register n (PORTE_PCR16) 32 R/W See section | 11.5.1/288
4004_D044 |Pin Control Register n (PORTE_PCR17) 32 R/W See section | 11.5.1/288
4004_D048 |Pin Control Register n (PORTE_PCR18) 32 R/W See section | 11.5.1/288
4004_D04C |Pin Control Register n (PORTE_PCR19) 32 R/W See section | 11.5.1/288
4004_D050 |Pin Control Register n (PORTE_PCR20) 32 R/W See section | 11.5.1/288
4004_D054 |Pin Control Register n (PORTE_PCR21) 32 R/W See section | 11.5.1/288
4004_D058 |Pin Control Register n (PORTE_PCR22) 32 R/W See section | 11.5.1/288
4004_DO05C |Pin Control Register n (PORTE_PCR23) 32 R/W See section | 11.5.1/288
4004_D060 |Pin Control Register n (PORTE_PCR24) 32 R/W See section | 11.5.1/288
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Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_D064 |Pin Control Register n (PORTE_PCR25) 32 R/W See section | 11.5.1/288
4004_D068 |Pin Control Register n (PORTE_PCR26) 32 R/W See section | 11.5.1/288
4004_D06C |Pin Control Register n (PORTE_PCR27) 32 R/W See section | 11.5.1/288
4004_D070 |Pin Control Register n (PORTE_PCR28) 32 R/W See section | 11.5.1/288
4004_D074 |Pin Control Register n (PORTE_PCR29) 32 R/W See section | 11.5.1/288
4004_D078 |Pin Control Register n (PORTE_PCR30) 32 R/W See section | 11.5.1/288
4004_D07C |Pin Control Register n (PORTE_PCR31) 32 R/W See section | 11.5.1/288
w
4004_D080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always | 0000_0000h | 11.5.2/291
reads 0)
w
4004_D084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always | 0000_0000h | 11.5.3/291
reads 0)
4004_DOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000_0000h | 11.5.4/292
4004_DOCO |Digital Filter Enable Register (PORTE_DFER) 32 R/W | 0000_0000h | 11.5.5/292
4004_D0C4 |Digital Filter Clock Register (PORTE_DFCR) 32 R/W | 0000_0000h | 11.5.6/293
4004_D0C8 |Digital Filter Width Register (PORTE_DFWR) 32 R/W | 0000_0000h | 11.5.7/293
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11.5.1 Pin Control Register n (PORTx_PCRn)

NOTE

See the Signal Multiplexing and Pin Assignment chapter for the
reset value of this device.

See the GPIO Configuration section for details on the available
functions for each pin.

Do not modify pin configuration registers associated with pins
that are not available in a reduced-pin package offering.
Unbonded pins not available in a package are disabled by
default to prevent them from consuming power.

Address: Base address + Oh offset + (4d x i), where i=0d to 31d
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

IRQC

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0
LK MUX DSE | ODE | PFE SRE | PE PS
w
Reset 0 0 0 0 0 * * * 0 * 0 * 0 * * *
* Notes:

MUX field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
DSE field: Varies by port. See the Signal Multiplexing and Signal Descriptions chapter for reset values per port.
PFE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
SRE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.

PE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.

PS field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.

PORTx_PCRn field descriptions

Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Interrupt Status Flag
ISF
The pin interrupt configuration is valid in all digital pin muxing modes.

Table continues on the next page...
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Chapter 11 Port Control and Interrupts (PORT)
PORTx_PCRn field descriptions (continued)

Field

Description

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic 1 is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

23-20
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

19-16
IRQC

Interrupt Configuration

The pin interrupt configuration is valid in all digital pin muxing modes. The corresponding pin is configured
to generate interrupt/DMA request as follows:

0000 Interrupt Status Flag (ISF) is disabled.
0001 ISF flag and DMA request on rising edge.
0010 ISF flag and DMA request on falling edge.
0011 ISF flag and DMA request on either edge.
0100 Reserved.

0101 Reserved.

0110 Reserved.

0111 Reserved.

1000 ISF flag and Interrupt when logic O.

1001 ISF flag and Interrupt on rising-edge.
1010 ISF flag and Interrupt on falling-edge.
1011 ISF flag and Interrupt on either edge.
1100 ISF flag and Interrupt when logic 1.

1101 Reserved.

1110 Reserved.

1111 Reserved.

15
LK

Lock Register

0 Pin Control Register fields [15:0] are not locked.
1 Pin Control Register fields [15:0] are locked and cannot be updated until the next system reset.

14-11
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

10-8
MUX

Pin Mux Control

Not all pins support all pin muxing slots. Unimplemented pin muxing slots are reserved and may result in
configuring the pin for a different pin muxing slot.

The corresponding pin is configured in the following pin muxing slot as follows:

000 Pin disabled (Alternative 0) (analog).
001 Alternative 1 (GPIO).

010 Alternative 2 (chip-specific).

011 Alternative 3 (chip-specific).

100 Alternative 4 (chip-specific).

101 Alternative 5 (chip-specific).

110 Alternative 6 (chip-specific).

111 Alternative 7 (chip-specific).
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PORTx_PCRn field descriptions (continued)

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Drive Strength Enable
DSE

Drive strength configuration is valid in all digital pin muxing modes.

0 Low drive strength is configured on the corresponding pin, if pin is configured as a digital output.
1 High drive strength is configured on the corresponding pin, if pin is configured as a digital output.

5 Open Drain Enable

ODE
Open drain configuration is valid in all digital pin muxing modes.

0 Open drain output is disabled on the corresponding pin.
1 Open drain output is enabled on the corresponding pin, if the pin is configured as a digital output.

4 Passive Filter Enable

PFE
Passive filter configuration is valid in all digital pin muxing modes.

0 Passive input filter is disabled on the corresponding pin.

1 Passive input filter is enabled on the corresponding pin, if the pin is configured as a digital input. Refer
to the device data sheet for filter characteristics.

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Slew Rate Enable
SRE

Slew rate configuration is valid in all digital pin muxing modes.

0 Fast slew rate is configured on the corresponding pin, if the pin is configured as a digital output.
1 Slow slew rate is configured on the corresponding pin, if the pin is configured as a digital output.

1 Pull Enable
PE

Pull configuration is valid in all digital pin muxing modes.

0 Internal pullup or pulldown resistor is not enabled on the corresponding pin.
1 Internal pullup or pulldown resistor is enabled on the corresponding pin, if the pin is configured as a
digital input.

0 Pull Select

Pull configuration is valid in all digital pin muxing modes.

0 Internal pulldown resistor is enabled on the corresponding pin, if the corresponding PE field is set.
1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding PE field is set.
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11.5.2 Global Pin Control Low Register (PORTx_GPCLR)
Only 32-bit writes are supported to this register.

Address: Base address + 80h offset
Bit 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

W GPWE GPWD
ResetOO00000000000000|0000000000000000

PORTx_GPCLR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (15 through 0) bits [15:0] update with the value in GPWD. If a
selected Pin Control Register is locked then the write to that register is ignored.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

GPWD Global Pin Write Data

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.

11.5.3 Global Pin Control High Register (PORTx_GPCHR)
Only 32-bit writes are supported to this register.

Address: Base address + 84h offset
Bit 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

W GPWE GPWD
ResetOO00000000000000|0000000000000000

PORTx_GPCHR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (31 through 16) bits [15:0] update with the value in GPWD. If a
selected Pin Control Register is locked then the write to that register is ignored.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

GPWD Global Pin Write Data

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.
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11.5.4 Interrupt Status Flag Register (PORTx_ISFR)

The pin interrupt configuration is valid in all digital pin muxing modes. The Interrupt
Status Flag for each pin is also visible in the corresponding Pin Control Register, and
each flag can be cleared in either location.

Address: Base address + AOh offset
Bit31302928272625242322212019181716|1514131211109876543210
R ISF

w wic

ResetOO00000000000000|0000000000000000

PORTX_ISFR field descriptions

Field Description

ISF Interrupt Status Flag

Each bit in the field indicates the detection of the configured interrupt of the same number as the field.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic 1 is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

11.5.5 Digital Filter Enable Register (PORTx_DFER)

The corresponding bit is read only for pins that do not support a digital filter. Refer to the
Chapter of Signal Multiplexing and Signal Descriptions for the pins that support digital
filter.

The digital filter configuration is valid in all digital pin muxing modes.

Address: Base address + COh offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
W DFE

ResetOO00000000000000|0000000000000000

PORTx_DFER field descriptions

Field Description
DFE Digital Filter Enable

K64 Sub-Family Reference Manual, Rev. 3, July 2017
292 NXP Semiconductors




4
Chapter 11 Port Control and Interrupts (PORT)

PORTx_DFER field descriptions (continued)

Field Description

The digital filter configuration is valid in all digital pin muxing modes. The output of each digital filter is
reset to zero at system reset and whenever the digital filter is disabled. Each bit in the field enables the
digital filter of the same number as the field.

0 Digital filter is disabled on the corresponding pin and output of the digital filter is reset to zero.
1 Digital filter is enabled on the corresponding pin, if the pin is configured as a digital input.

11.5.6 Digital Filter Clock Register (PORTx_DFCR)
This register is read only for ports that do not support a digital filter.

The digital filter configuration is valid in all digital pin muxing modes.

Address: Base address + C4h offset
Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

PORTx_DFCR field descriptions

Field Description
311 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Clock Source
Cs

The digital filter configuration is valid in all digital pin muxing modes. Configures the clock source for the
digital input filters. Changing the filter clock source must be done only when all digital filters are disabled.

0 Digital filters are clocked by the bus clock.
1 Digital filters are clocked by the LPO clock.

11.5.7 Digital Filter Width Register (PORTx_DFWR)
This register is read only for ports that do not support a digital filter.

The digital filter configuration is valid in all digital pin muxing modes.
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Address: Base address + C8h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2o191s171s|1514131211 10 9 8 7 6 5 4 3 2 1 0

Reset 0 O 0 O O O OO OOOOOUOOGO|OO0OOOOOOOOOOOUOOTOUOTGO

PORTx_DFWR field descriptions

Field Description
31-5 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
FILT Filter Length

The digital filter configuration is valid in all digital pin muxing modes. Configures the maximum size of the
glitches, in clock cycles, that the digital filter absorbs for the enabled digital filters. Glitches that are longer
than this register setting will pass through the digital filter, and glitches that are equal to or less than this
register setting are filtered. Changing the filter length must be done only after all filters are disabled.

11.6 Functional description

11.6.1 Pin control

Each port pin has a corresponding Pin Control register, PORT_PCRn, associated with it.

The upper half of the Pin Control register configures the pin's capability to either
interrupt the CPU or request a DMA transfer, on a rising/falling edge or both edges as
well as a logic level occurring on the port pin. It also includes a flag to indicate that an
interrupt has occurred.

The lower half of the Pin Control register configures the following functions for each pin
within the 32-bit port.

Pullup or pulldown enable

Drive strength and slew rate configuration
Open drain enable

* Passive input filter enable

Pin Muxing mode

The functions apply across all digital pin muxing modes and individual peripherals do not
override the configuration in the Pin Control register. For example, if an I>C function is
enabled on a pin, that does not override the pullup or open drain configuration for that
pin.
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When the Pin Muxing mode is configured for analog or is disabled, all the digital
functions on that pin are disabled. This includes the pullup and pulldown enables, output
buffer enable, input buffer enable, and passive filter enable.

The LK bit (bit 15 of Pin Control Register PCR#n) allows the configuration for each pin to
be locked until the next system reset. When locked, writes to the lower half of that pin
control register are ignored, although a bus error is not generated on an attempted write to
a locked register.

The configuration of each Pin Control register is retained when the PORT module is
disabled.

Whenever a pin is configured in any digital pin muxing mode, the input buffer for that
pin is enabled allowing the pin state to be read via the corresponding GPIO Port Data
Input Register (GPIO_PDIR) or allowing a pin interrupt or DMA request to be generated.
If a pin is ever floating when its input buffer is enabled, then this can cause an increase in
power consumption and must be avoided. A pin can be floating due to an input pin that is
not connected or an output pin that has tri-stated (output buffer is disabled).

Enabling the internal pull resistor (or implementing an external pull resistor) will ensure a
pin does not float when its input buffer is enabled; note that the internal pull resistor is
automatically disabled whenever the output buffer is enabled allowing the Pull Enable bit
to remain set. Configuring the Pin Muxing mode to disabled or analog will disable the
pin’s input buffer and results in the lowest power consumption.

11.6.2 Gilobal pin control

The two global pin control registers allow a single register write to update the lower half
of the pin control register on up to 16 pins, all with the same value. Registers that are
locked cannot be written using the global pin control registers.

The global pin control registers are designed to enable software to quickly configure
multiple pins within the one port for the same peripheral function. However, the interrupt
functions cannot be configured using the global pin control registers.

The global pin control registers are write-only registers, that always read as 0.

11.6.3 External interrupts

The external interrupt capability of the PORT module is available in all digital pin
muxing modes provided the PORT module is enabled.

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 295




A
Functional description

Each pin can be individually configured for any of the following external interrupt
modes:

* Interrupt disabled, default out of reset
 Active high level sensitive interrupt

» Active low level sensitive interrupt

* Rising edge sensitive interrupt

* Falling edge sensitive interrupt

* Rising and falling edge sensitive interrupt

* Rising edge sensitive DMA request

* Falling edge sensitive DMA request

» Rising and falling edge sensitive DMA request

The interrupt status flag is set when the configured edge or level is detected on the pin or
at the output of the digital input filter, if the digital input digital filter is enabled. When
not in Stop mode, the input is first synchronized to the bus clock to detect the configured
level or edge transition.

The PORT module generates a single interrupt that asserts when the interrupt status flag
is set for any enabled interrupt for that port. The interrupt negates after the interrupt status
flags for all enabled interrupts have been cleared by writing a logic 1 to the ISF flag in
either the PORT_ISFR or PORT_PCRn registers.

The PORT module generates a single DMA request that asserts when the interrupt status
flag is set for any enabled DMA request in that port. The DMA request negates after the
DMA transfer is completed, because that clears the interrupt status flags for all enabled
DMA requests.

During Stop mode, the interrupt status flag for any enabled interrupt is asynchronously
set if the required level or edge is detected. This also generates an asynchronous wake-up
signal to exit the Low-Power mode.

11.6.4 Digital filter

The digital filter capabilities of the PORT module are available in all digital Pin Muxing
modes if the PORT module is enabled.

The clock used for all digital filters within one port can be configured between the bus
clock or the LPO clock. This selection must be changed only when all digital filters for
that port are disabled. If the digital filters for a port are configured to use the bus clock,
then the digital filters are bypassed for the duration of Stop mode. While the digital filters
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are bypassed, the output of each digital filter always equals the input pin, but the internal
state of the digital filters remains static and does not update due to any change on the
input pin.

The filter width in clock size is the same for all enabled digital filters within one port and
must be changed only when all digital filters for that port are disabled.

The output of each digital filter is logic zero after system reset and whenever a digital
filter 1s disabled. After a digital filter is enabled, the input is synchronized to the filter
clock, either the bus clock or the LPO clock. If the synchronized input and the output of
the digital filter remain different for a number of filter clock cycles equal to the filter
width register configuration, then the output of the digital filter updates to equal the
synchronized filter input.

The maximum latency through a digital filter equals three filter clock cycles plus the
filter width configuration register.
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Chapter 12
System Integration Module (SIM)

12.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The System Integration Module (SIM) provides system control and chip configuration
registers.

12.1.1 Features
Features of the SIM include:

» System clocking configuration
» System clock divide values
 Architectural clock gating control
» USB clock selection and divide values
» SDHC clock source selection
* Ethernet 1588 timestamp and RMII clock source selection
* Flash and system RAM size configuration
» USB regulator configuration
* FlexTimer external clock, hardware trigger, and fault source selection
* UARTO and UART] receive/transmit source selection/configuration

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 299




Memory map and register definition

12.2 Memory map and register definition

The SIM module contains many fields for selecting the clock source and dividers for

various module clocks. See the Clock Distribution chapter for more information,

including block diagrams and clock definitions.

NOTE

The SIM_SOPTI and SIM_SOPTI1CFG registers are located at
a different base address than the other SIM registers.

SIM memory map

Absolute

address Register name (iv:i:itt:) Access | Reset value S:‘:;an
(hex)

4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.2.1/301
4004_7004 |[SOPT1 Configuration Register (SIM_SOPT1CFG) 32 R/W | 0000_0000h | 12.2.2/303
4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W 0000_1000h | 12.2.3/304
4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W | 0000_0000h | 12.2.4/307
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W | 0000_0000h | 12.2.5/310
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W | 0000_0000h | 12.2.6/311
4004_8024 |System Device Identification Register (SIM_SDID) 32 R 12.2.7/313
4004_8028 |System Clock Gating Control Register 1 (SIM_SCGC1) 32 R/W 0000_0000h | 12.2.8/315
4004_802C |System Clock Gating Control Register 2 (SIM_SCGC?2) 32 R/W 0000_0000h | 12.2.9/317
4004_8030 |System Clock Gating Control Register 3 (SIM_SCGC3) 32 R/W | 0000_0000h | 12.2.10/319
4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W | FO10_0030h | 12.2.11/321
4004_8038 |System Clock Gating Control Register 5 (SIM_SCGCS5) 32 R/W | 0004_0182h | 12.2.12/323
4004_803C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W 4000_0001h | 12.2.13/325
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W 0000_0006h | 12.2.14/328
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.2.15/329
4004_8048 |System Clock Divider Register 2 (SIM_CLKDIV2) 32 R/W 0000_0000h | 12.2.16/331
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R See section | 12.2.17/332
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.2.18/335
4004_8054 |Unique Identification Register High (SIM_UIDH) 32 R See section | 12.2.19/336
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section | 12.2.20/336
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.2.21/337
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 12.2.22/337
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12.2.1 System Options Register 1 (SIM_SOPT1)

NOTE
The SOPTT register is only reset on POR or LVD.

Address: 4004_7000h base + 0h offset = 4004_7000h

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

OSC32KSEL

USBREGEN
USBSSTBY
USBVSTBY

Reset 1* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0*

Bit

R RAMSIZE

Reset o* o* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.
¢ x = Undefined at reset.

SIM_SOPT1 field descriptions

Field Description

31 USB voltage regulator enable
USBREGEN
Controls whether the USB voltage regulator is enabled.

0 USB voltage regulator is disabled.
1 USB voltage regulator is enabled.

30 USB voltage regulator in standby mode during Stop, VLPS, LLS and VLLS modes.
USBSSTBY

Controls whether the USB voltage regulator is placed in standby mode during Stop, VLPS, LLS and VLLS
modes.

Table continues on the next page...
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SIM_SOPT1 field descriptions (continued)

Field Description
0 USB voltage regulator not in standby during Stop, VLPS, LLS and VLLS modes.
1 USB voltage regulator in standby during Stop, VLPS, LLS and VLLS modes.

29 USB voltage regulator in standby mode during VLPR and VLPW modes
USBVSTBY

Controls whether the USB voltage regulator is placed in standby mode during VLPR and VLPW modes.

0 USB voltage regulator not in standby during VLPR and VLPW modes.
1 USB voltage regulator in standby during VLPR and VLPW modes.

28-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 32K oscillator clock select
OSC32KSEL

Selects the 32 kHz clock source (ERCLK32K) for LPTMR. This field is reset only on POR/LVD.

00 System oscillator (OSC32KCLK)
01 Reserved

10 RTC 32.768kHz oscillator

11 LPO1kHz

17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

15-12 RAM size
RAMSIZE

This field specifies the amount of system RAM available on the device.

0001 8KB
0011 16 KB
0100 24 KB
0101 32KB
0110 48 KB
0111 64 KB
1000 96 KB
1001 128 KB
1011 256 KB
1100 512 KB
1101 1024 KB
1111  Reserved

11-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Reserved This field is reserved.
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12.2.2 SOPT1 Configuration Register (SIM_SOPT1CFQG)

NOTE
The SOPT1CFG register is reset on System Reset not VLLS.

Address: 4004_7000h base + 4h offset = 4004_7004h

Bit 31 30 29 28 27 26 25
R 0 w w
= =
D) %)
0] >
w D >
Reset 0 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0

SIM_SOPT1CFG field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 USB voltage regulator stop standby write enable
USSWE

Writing one to the USSWE bit allows the SOPT1 USBSSTBY bit to be written. This register bit clears after
a write to USBSSTBY.

0 SOPT1 USBSSTBY cannot be written.
1 SOPT1 USBSSTBY can be written.

25 USB voltage regulator VLP standby write enable
UVSWE

Writing one to the UVSWE bit allows the SOPT1 USBVSTBY bit to be written. This register bit clears after
a write to USBVSTBY.

0 SOPT1 USBVSTBY cannot be written.

1 SOPT1 USBVSTBY can be written.

24 USB voltage regulator enable write enable
URWE

Writing one to the URWE bit allows the SOPT1 USBREGEN bit to be written. This register bit clears after
a write to USBREGEN.

0 SOPT1 USBREGEN cannot be written.
1 SOPT1 USBREGEN can be written.

Table continues on the next page...
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SIM_SOPT1CFG field descriptions (continued)

Field Description
23-10 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
9-8 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.

12.2.3 System Options Register 2 (SIM_SOPT2)

SOPT?2 contains the controls for selecting many of the module clock source options on
this device. See the Clock Distribution chapter for more information including clocking
diagrams and definitions of device clocks.

Address: 4004_7000h base + 1004h offset = 4004_8004h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0 0 0 0 o | o
oy c
SDHCSRC TIMESRC | 2 | @ | PLLFLLSEL
S | o
W o ]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L 7))
R 0 @ a) 0 5 0
3 E @)
Qu| = FBSL CLKOUTSEL <o
o)
S | £ 8
o o =
s o
Reset 0 0 0 1 0 0 0 0 0 0 0 0
SIM_SOPT2 field descriptions
Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-28 SDHC clock source select
SDHCSRC

00
01
10
11

Selects the clock source for the SDHC clock .

Core/system clock.

MCGFLLCLK, or MCGPLLCLK, or IRC48M clock as selected by SOPT2[PLLFLLSEL].

OSCERCLK clock
External bypass clock (SDHCO_CLKIN)

Table continues on the next page...
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SIM_SOPT2 field descriptions (continued)

Field Description
27-26 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
25-24 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
23-22 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
21-20 IEEE 1588 timestamp clock source select

TIMESRC

Selects the clock source for the Ethernet timestamp clock.

00 Core/system clock.

01 MCGFLLCLK , or MCGPLLCLK, or IRC48M clock as selected by SOPT2[PLLFLLSEL].
10 OSCERCLK clock

11 External bypass clock (ENET_1588_CLKIN).

19 RMII clock source select
RMIISRC

Selects the clock source for the Ethernet RMII interface

0 EXTAL clock
1 External bypass clock (ENET_1588_CLKIN).

18 USB clock source select
USBSRC

Selects the clock source for the USB 48 MHz clock.

0 External bypass clock (USB_CLKIN).
1  MCGFLLCLK, or MCGPLLCLK, or IRC48M clock as selected by SOPT2[PLLFLLSEL], and then
divided by the USB fractional divider as configured by SIM_CLKDIV2[USBFRAC, USBDIV].

17-16 PLL/FLL clock select
PLLFLLSEL

Selects the high frequency clock for various peripheral clocking options.

00 MCGFLLCLK clock
01 MCGPLLCLK clock
10 Reserved

11 IRC48 MHz clock

15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Debug trace clock select
TRACECLKSEL

Selects the core/system clock, or MCG output clock (MCGOUTCLK) as the trace clock source.

0 MCGOUTCLK
1 Core/system clock

11 PTD7 pad drive strength
PTD7PAD

Controls the output drive strength of the PTD7 pin by selecting either one or two pads to drive it.

0 Single-pad drive strength for PTD7.
1 Double pad drive strength for PTD7.

Table continues on the next page...
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SIM_SOPT2 field descriptions (continued)

Field Description
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9-8 FlexBus security level
FBSL

If flash security is enabled, then this field affects what CPU operations can access off-chip via the
FlexBus interface. This field has no effect if flash security is not enabled.

00 All off-chip accesses (instruction and data) via the FlexBus are disallowed.
01  All off-chip accesses (instruction and data) via the FlexBus are disallowed.
10 Off-chip instruction accesses are disallowed. Data accesses are allowed.
11 Off-chip instruction accesses and data accesses are allowed.

7-5 CLKOUT select
CLKOUTSEL

Selects the clock to output on the CLKOUT pin.

000 FlexBus CLKOUT
001 Reserved

010 Flash clock

011 LPO clock (1 kHz)
100 MCGIRCLK

101  RTC 32.768kHz clock
110 OSCERCLKO

111 IRC 48 MHz clock

4 RTC clock out select
RTCCLKOUTSEL

Selects either the RTC 1 Hz clock or the 32.768kHz clock to be output on the RTC_CLKOUT pin.
0 RTC 1 Hz clock is output on the RTC_CLKOUT pin.

1 RTC 32.768kHz clock is output on the RTC_CLKOUT pin.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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12.2.4 System Options Register 4 (SIM_SOPT4)

Address: 4004_7000h base + 100Ch offset = 4004_800Ch

Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
o o o o | 1 | 1 O O
R|® (%) 7)) 1) L w w w 0 0 o o 0
— o — o o [9)] o (9] n n
e o818, 18,1255 |53 2 "
ECOIECIECIEC| Q | O | O | Q O O
[s2] (a2} o o [<2] Al — o N —
b =R = = = = = =R = = =
TR TR (1N T8 L. I8 IS I8 E E
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 = 0 = 0 e ORI E|R
— 1 - - - -
o o T [T T [T
) ol - =) =) =)
= = = = = =
w = = = [ = =
(M L L L (M [
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SOPT4 field descriptions

Field Description

31 FlexTimer 3 Hardware Trigger 1 Source Select
FTM3TRG1SRC
Selects the source of FTM3 hardware trigger 1.

0 Reserved
1 FTM2 channel match drives FTM3 hardware trigger 1

30 FlexTimer 3 Hardware Trigger 0 Source Select

FTM3TRGOSRC
Selects the source of FTM3 hardware trigger 0.

0 Reserved
1 FTM1 channel match drives FTM3 hardware trigger O

29 FlexTimer 0 Hardware Trigger 1 Source Select
FTMOTRG1SRC
Selects the source of FTMO hardware trigger 1.

0 PDB output trigger 1 drives FTMO hardware trigger 1
1 FTM2 channel match drives FTMO hardware trigger 1

28 FlexTimer 0 Hardware Trigger 0 Source Select
FTMOTRGOSRC
Selects the source of FTMO hardware trigger 0.

0 HSCMPO output drives FTMO hardware trigger 0
1 FTM1 channel match drives FTMO hardware trigger O

27 FlexTimer 3 External Clock Pin Select
FTM3CLKSEL

Selects the external pin used to drive the clock to the FTM3 module.

Table continues on the next page...
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SIM_SOPT4 field descriptions (continued)

Field Description

NOTE: The selected pin must also be configured for the FTM3 module external clock function through
the appropriate pin control register in the port control module.

0 FTMS external clock driven by FTM_CLKO pin.
1 FTMS3 external clock driven by FTM_CLK1 pin.

26 FlexTimer 2 External Clock Pin Select
FTM2CLKSEL

Selects the external pin used to drive the clock to the FTM2 module.

NOTE: The selected pin must also be configured for the FTM2 module external clock function through
the appropriate pin control register in the port control module.

0 FTM2 external clock driven by FTM_CLKO pin.
1 FTM2 external clock driven by FTM_CLK1 pin.

25 FTM1 External Clock Pin Select
FTM1CLKSEL

Selects the external pin used to drive the clock to the FTM1 module.

NOTE: The selected pin must also be configured for the FTM external clock function through the
appropriate pin control register in the port control module.

0 FTM_CLKO pin
1 FTM_CLK1 pin

24 FlexTimer 0 External Clock Pin Select
FTMOCLKSEL

Selects the external pin used to drive the clock to the FTMO module.

NOTE: The selected pin must also be configured for the FTM external clock function through the
appropriate pin control register in the port control module.

0 FTM_CLKO pin
1 FTM_CLK1 pin

23 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21-20 FTM2 channel 0 input capture source select
FTM2CHOSRC

Selects the source for FTM2 channel 0 input capture.

NOTE: When the FTM is not in input capture mode, clear this field.

00 FTM2_CHO signal
01 CMPO output

10 CMP1 output

11 Reserved

19-18 FTM1 channel 0 input capture source select
FTM1CHOSRC
Selects the source for FTM1 channel 0 input capture.

NOTE: When the FTM is not in input capture mode, clear this field.

00 FTM1_CHO signal
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SIM_SOPT4 field descriptions (continued)

Field

Description

01 CMPO output
10 CMP1 output
11 USB start of frame pulse

17-13
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

12
FTM3FLTO

FTMS3 Fault 0 Select
Selects the source of FTM3 fault 0.

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate PORTX pin control register.

0 FTM3_FLTO pin
1 CMPO out

11-9
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

8
FTM2FLTO

FTM2 Fault O Select
Selects the source of FTM2 fault 0.

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate PORTX pin control register.

0 FTM2_FLTO pin
1 CMPO out

7-5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
FTM1FLTO

FTM1 Fault 0 Select

Selects the source of FTM1 fault 0.

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

0 FTM1_FLTO pin
1 CMPO out

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
FTMOFLT2

FTMO Fault 2 Select

Selects the source of FTMO fault 2.

NOTE: The pin source for fault 2 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

0 FTMO_FLT2 pin
1 CMP2 out

1
FTMOFLT1

FTMO Fault 1 Select

Selects the source of FTMO fault 1.

NOTE: The pin source for fault 1 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.
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SIM_SOPT4 field descriptions (continued)

Field Description
0 FTMO_FLT1 pin
1 CMP1 out
0 FTMO Fault 0 Select
FTMOFLTO

Selects the source of FTMO fault 0.

0 FTMO_FLTO pin
1 CMPO out

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

12.2.5 System Options Register 5 (SIM_SOPT5)

Address: 4004_7000h base + 1010h offset = 4004_8010h

Bit 31

30 29 28 27 26 25 22

21 20

19 18

17 16

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 UART1RXSR|UART1TXSR |UARTORXSR| UARTOTXSR
C C C C
0 0 0 0 0 0 0 0

SIM_SOPTS5 field descriptions

Field Description
31-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 UART 1 receive data source select
UART1RXSRC
Selects the source for the UART 1 receive data.
00 UART1_RX pin
01 CMPO
10 CMP1
11 Reserved
5-4 UART 1 transmit data source select
UART1TXSRC
Selects the source for the UART 1 transmit data.
00 UART1_TX pin

Table continues on the next page...
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SIM_SOPTS5 field descriptions (continued)

Field Description

01 UART1_TX pin modulated with FTM1 channel 0 output
10 UART1_TX pin modulated with FTM2 channel 0 output
11 Reserved

3-2 UART 0 receive data source select
UARTORXSRC
Selects the source for the UART 0 receive data.

00 UARTO_RX pin
01 CMPO

10 CMP1

11  Reserved

UARTOTXSRC |UART 0 transmit data source select

Selects the source for the UART 0 transmit data.

00 UARTO_TX pin

01 UARTO_TX pin modulated with FTM1 channel 0 output
10 UARTO_TX pin modulated with FTM2 channel 0 output
11 Reserved

12.2.6 System Options Register 7 (SIM_SOPT7)

Address: 4004_7000h base + 1018h offset = 4004_8018h

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

R 0

Reset 0 0 0

o
o
o
o
o
o
o
o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
] 8 L 8
E I - m
E o o ADC1TRGSEL 2 z oo ADCOTRGSEL
= T S %
"8 3 3 g
< 2 < <
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_SOPT7 field descriptions
Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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SIM_SOPTY field descriptions (continued)

Field Description

15 ADC1 alternate trigger enable
ADC1ALTTRGEN
Enable alternative conversion triggers for ADC1.

0 PDB trigger selected for ADCA
1 Alternate trigger selected for ADC1 as defined by ADC1TRGSEL.

14-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 ADC1 pre-trigger select
ADC1PRETRGSEL

Selects the ADC1 pre-trigger source when alternative triggers are enabled through ADC1ALTTRGEN.

0 Pre-trigger A selected for ADC1.
1 Pre-trigger B selected for ADC1.

11-8 ADC1 trigger select
ADC1TRGSEL

Selects the ADC1 trigger source when alternative triggers are functional in stop and VLPS modes.

0000 PDB external trigger pin input (PDBO_EXTRG)
0001 High speed comparator 0 output
0010 High speed comparator 1 output
0011 High speed comparator 2 output
0100 PIT trigger O

0101 PIT trigger 1

0110 PIT trigger 2

0111 PIT trigger 3

1000 FTMO trigger

1001 FTM1 trigger

1010 FTM2 trigger

1011 FTMS3 trigger

1100 RTC alarm

1101 RTC seconds

1110 Low-power timer (LPTMR) trigger
1111 Reserved

7 ADCO alternate trigger enable
ADCOALTTRGEN

Enable alternative conversion triggers for ADCO.

0 PDB trigger selected for ADCO.
1 Alternate trigger selected for ADCO.

6-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 ADCO pretrigger select
ADCOPRETRGSEL

Selects the ADCO pre-trigger source when alternative triggers are enabled through ADCOALTTRGEN.

0 Pre-trigger A
1 Pre-trigger B

ADCOTRGSEL |ADCO trigger select
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SIM_SOPTY field descriptions (continued)

Field Description
Selects the ADCO trigger source when alternative triggers are functional in stop and VLPS modes. .

0000 PDB external trigger pin input (PDBO_EXTRG)
0001 High speed comparator 0 output
0010 High speed comparator 1 output
0011 High speed comparator 2 output
0100 PIT trigger O

0101 PIT trigger 1

0110 PIT trigger 2

0111 PIT trigger 3

1000 FTMO trigger

1001 FTMA1 trigger

1010 FTM2 trigger

1011 FTMS3 trigger

1100 RTC alarm

1101 RTC seconds

1110 Low-power timer (LPTMRO) trigger
1111 Reserved

12.2.7 System Device Identification Register (SIM_SDID)

Address: 4004_7000h base + 1024h offset = 4004_8024h

Bit 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
R| FAMILYID | SUBFAMID | SERIESID 0 REVID DIEID FAMID PINID

*

* *

Reset X* x* Xx* X* X* X' xX* x* X* x* x* x* 0 0 O O|x* x* x* x* 0 0 0 O O x* x* x* x* x* x* x*

* Notes:
¢ x = Undefined at reset.

SIM_SDID field descriptions

Field Description

31-28 Kinetis Family ID
FAMILYID

Specifies the Kinetis family of the device.

0000 KOx Family
0001 Ki1x Family
0010 K2x Family
0011 K3x Family
0100 K4x Family
0110 K6x Family
0111 K7x Family
1000 K8x Family
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SIM_SDID field descriptions (continued)

Field

Description

27-24
SUBFAMID

Kinetis Sub-Family ID
Specifies the Kinetis sub-family of the device.

0000 Kx0 Subfamily
0001 Kx1 Subfamily (tamper detect)
0010 Kx2 Subfamily
0011  Kx3 Subfamily (tamper detect)
0100 Kx4 Subfamily
0101 Kx5 Subfamily (tamper detect)
0110 Kx6 Subfamily
0111 Kx7 Subfamily
1000 Kx8 Subfamily

23-20
SERIESID

Kinetis Series ID
Specifies the Kinetis series of the device.

0000 Kinetis K series
0001 Kinetis L series
0101 Kinetis W series
0110 Kinetis V series

19-16
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

15-12
REVID

Device revision number

Specifies the silicon implementation number for the device.

11-7
DIEID

Device Die ID

Specifies the silicon feature set identication number for the device.

6-4
FAMID

Kinetis family identification

This field is maintained for compatibility only, but has been superceded by the SERIESID, FAMILYID and
SUBFAMID fields in this register.

000 K1x Family (without tamper)

001 K2x Family (without tamper)

010 KB8x Family or K1x/K6x Family (with tamper)
011  K4x Family or K2x Family (with tamper)

100 K6x Family (without tamper)

101 K7x Family

110 Reserved

111 Reserved

PINID

Pincount identification
Specifies the pincount of the device.

0000 Reserved
0001 Reserved
0010 32-pin

0011 Reserved
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SIM_SDID field descriptions (continued)

Field Description

0100 48-pin

0101  64-pin

0110 80-pin

0111 81-pin or 121-pin
1000 100-pin

1001 121-pin

1010 144-pin

1011 Custom pinout (WLCSP)
1100 169-pin

1101 Reserved

1110 256-pin

1111 Reserved

12.2.8 System Clock Gating Control Register 1 (SIM_SCGC1)

Address: 4004_7000h base + 1028h offset = 4004_8028h

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0
|_
o
<
w -
Reset 0 0 0 0 0

SIM_SCGCH1 field descriptions

Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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SIM_SCGCH1 field descriptions (continued)

Field Description
11 UARTS5 Clock Gate Control
UART5
This bit controls the clock gate to the UART5 module.
0 Clock disabled
1 Clock enabled
10 UART4 Clock Gate Control
UART4
This bit controls the clock gate to the UART4 module.
0 Clock disabled
1 Clock enabled
9-8 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 I12C2 Clock Gate Control
12C2
This bit controls the clock gate to the 12C2 module.
0 Clock disabled
1 Clock enabled
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.
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12.2.9 System Clock Gating Control Register 2 (SIM_SCGC2)

DACO can be accessed through both AIPSO and AIPS1. When accessing through AIPS1,
define the clock gate control bits in the SCGC2. When accessing through AIPSO, define

the clock gate control bits in SCGC6. See the Chip Configuration chapter for the base
addresses of RNGA, FTM2, and DACO accessed via AIPSO and AIPS1.

Address: 4004_7000h base + 102Ch offset = 4004_802Ch

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
9)
=z ENET
W a
Reset 0 0 0 0
SIM_SCGC2 field descriptions
Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25-23 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 317




Memory map and register definition

SIM_SCGC2 field descriptions (continued)

Field Description
13 DAC1 Clock Gate Control
DAC1
This bit controls the clock gate to the DAC1 module.
0 Clock disabled
1 Clock enabled
12 DACO Clock Gate Control
DACO
This bit controls the clock gate to the DACO module.
0 Clock disabled
1 Clock enabled
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.
3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 ENET Clock Gate Control
ENET

This bit controls the clock gate to the ENET module.

0 Clock disabled
1 Clock enabled
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12.2.10 System Clock Gating Control Register 3 (SIM_SCGC3)

FTM2 and RNGA can be accessed through both AIPSO and AIPS1. When accessing
through AIPS1, define the clock gate control bits in the SCGC3. When accessing through
AIPSO, define the clock gate control bits in SCGC6. See the Chip Configuration chapter
for the base addresses of RNGA, FTM?2, and DACO accessed via AIPSO and AIPSI.

Address: 4004_7000h base + 1030h offset = 4004_8030h

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

R 0 0 0 0

ADCA1

Reset 0 0 0 0 0 0 0

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

SIM_SCGCS3 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 ADC1 Clock Gate Control
ADC1

This bit controls the clock gate to the ADC1 module.

0 Clock disabled
1 Clock enabled

26 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25 FTM3 Clock Gate Control
FTM3

This bit controls the clock gate to the FTM3 module.

0 Clock disabled
1 Clock enabled
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SIM_SCGCS3 field descriptions (continued)

Field Description

24 FTM2 Clock Gate Control
FTM2

This bit controls the clock gate to the FTM2 module.

0 Clock disabled
1 Clock enabled

23-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 SDHC Clock Gate Control
SDHC

This bit controls the clock gate to the SDHC module.

0 Clock disabled
1 Clock enabled

16 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
15 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
14 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
13 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
12 SPI2 Clock Gate Control

SPI2

This bit controls the clock gate to the SPI2 module.

0 Clock disabled
1 Clock enabled

11-5 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 0.
3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 RNGA Clock Gate Control
RNGA

This bit controls the clock gate to the RNGA module.

0 Clock disabled
1 Clock enabled
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Chapter 12 System Integration Module (SIM)

Address: 4004_7000h base + 1034h offset = 4004_8034h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 1 0 O 0
|_
VREF|CMP | Q
%)
>
Reset 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 ™ o - o 0 1 0 0
= = = =
o o o o
< < < < 12C1 | 12C0 CMT | EWM
W > ) > )
Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0
SIM_SCGCA4 field descriptions
Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
27-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 VREF Clock Gate Control
VREF
This bit controls the clock gate to the VREF module.
0 Clock disabled
1 Clock enabled
19 Comparator Clock Gate Control
CMP
This bit controls the clock gate to the comparator module.
0 Clock disabled
1 Clock enabled
18 USB Clock Gate Control
USBOTG
This bit controls the clock gate to the USB module.
0 Clock disabled
1 Clock enabled
17-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 UARTS3 Clock Gate Control
UART3
This bit controls the clock gate to the UART3 module.
Table continues on the next page...
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SIM_SCGCA4 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
12 UART2 Clock Gate Control
UART2
This bit controls the clock gate to the UART2 module.
0 Clock disabled
1 Clock enabled
11 UART1 Clock Gate Control
UART1
This bit controls the clock gate to the UART1 module.
0 Clock disabled
1 Clock enabled
10 UARTO Clock Gate Control
UARTO
This bit controls the clock gate to the UARTO module.
0 Clock disabled
1 Clock enabled
9-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 I2C1 Clock Gate Control
12C1
This bit controls the clock gate to the | 2 C1 module.
0 Clock disabled
1 Clock enabled
6 I12C0 Clock Gate Control
12C0
This bit controls the clock gate to the | 2 CO module.
0 Clock disabled
1 Clock enabled
5-4 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 CMT Clock Gate Control
CMT
This bit controls the clock gate to the CMT module.
0 Clock disabled
1 Clock enabled
1 EWM Clock Gate Control
EWM

This bit controls the clock gate to the EWM module.

0 Clock disabled
1 Clock enabled
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SIM_SCGCA4 field descriptions (continued)

Field Description
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.12 System Clock Gating Control Register 5 (SIM_SCGC5)

Address: 4004_7000h base + 1038h offset = 4004_8038h

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

R 0 1 0

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

R 0 1 0 0 0 0 1 o
ElE|RB|IE|E i

o o o o o =

o o o o o e

o o o o o 5

o
o
o
o
o

Reset 0 0

SIM_SCGCS field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
17-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 Port E Clock Gate Control
PORTE

This bit controls the clock gate to the Port E module.

0 Clock disabled
1 Clock enabled

12 Port D Clock Gate Control
PORTD

This bit controls the clock gate to the Port D module.

0 Clock disabled
1 Clock enabled

11 Port C Clock Gate Control
PORTC

This bit controls the clock gate to the Port C module.
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SIM_SCGCS field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled

10 Port B Clock Gate Control
PORTB

This bit controls the clock gate to the Port B module.

0 Clock disabled
1 Clock enabled

9 Port A Clock Gate Control
PORTA

This bit controls the clock gate to the Port A module.

0 Clock disabled
1 Clock enabled

87 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
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 0.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
0 LPTMRO Clock Gate Control
LPTMRO

This bit controls software access to the LPTMRO module.

0 Access disabled
1 Access enabled
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12.2.13 System Clock Gating Control Register 6 (SIM_SCGC®6)

DACO0, FTM2, and RNGA can be accessed through both AIPSO and AIPS1. When
accessing through AIPS1, define the clock gate control bits in the SCGC2 and SCGC3.
When accessing through AIPSO, define the clock gate control bits in SCGC6. See the
Chip Configuration chapter for the base addresses of RNGA, FTM2, and DACO accessed
via AIPSO and AIPS1.

Address: 4004_7000h base + 103Ch offset = 4004_803Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 1 0 o 0 0
3 S| S£|5 |8 2
< RTC S| 2| & )| & |pT|PDB| Q CRC
m) < L L L %)
w S5
Reset 0 1 o o o o O Oo|O0O O O o0 O0 0 0 ©0
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
o
R x
0 0 < 0 2 0 X
12S0 SPI1 | SPIO g Q 2 | FTF
w T ] =
o o
Reset 0 0 o0 O O O O O] 0O O O 0 0 0 0 1

SIM_SCGCE6 field descriptions

Field Description

31 DACO Clock Gate Control
DACO

This bit controls the clock gate to the DACO module.

0 Clock disabled
1 Clock enabled

30 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
29 RTC Access Control
RTC

This bit controls software access and interrupts to the RTC module.

0 Access and interrupts disabled
1 Access and interrupts enabled

28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 ADCO Clock Gate Control
ADCO

This bit controls the clock gate to the ADCO module.
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SIM_SCGCE6 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
26 FTM2 Clock Gate Control
FTM2
This bit controls the clock gate to the FTM2 module.
0 Clock disabled
1 Clock enabled
25 FTM1 Clock Gate Control
FTM1
This bit controls the clock gate to the FTM1 module.
0 Clock disabled
1 Clock enabled
24 FTMO Clock Gate Control
FTMO
This bit controls the clock gate to the FTMO module.
0 Clock disabled
1 Clock enabled
23 PIT Clock Gate Control
PIT
This bit controls the clock gate to the PIT module.
0 Clock disabled
1 Clock enabled
22 PDB Clock Gate Control
PDB
This bit controls the clock gate to the PDB module.
0 Clock disabled
1 Clock enabled
21 USB DCD Clock Gate Control
USBDCD
This bit controls the clock gate to the USB DCD module.
0 Clock disabled
1 Clock enabled
20-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 CRC Clock Gate Control
CRC
This bit controls the clock gate to the CRC module.
0 Clock disabled
1 Clock enabled
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 1250 Clock Gate Control
12S0

This bit controls the clock gate to the 12 SO module.
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SIM_SCGCE6 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 SPI1 Clock Gate Control
SPI1
This bit controls the clock gate to the SPI1 module.
0 Clock disabled
1 Clock enabled
12 SPI0 Clock Gate Control
SPIO
This bit controls the clock gate to the SPI0 module.
0 Clock disabled
1 Clock enabled
11-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 RNGA Clock Gate Control
RNGA
This bit controls the clock gate to the RNGA module.
8-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 FlexCANO Clock Gate Control
FLEXCANO
This bit controls the clock gate to the FlexCANO module.
0 Clock disabled
1 Clock enabled
32 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 DMA Mux Clock Gate Control
DMAMUX
This bit controls the clock gate to the DMA Mux module.
0 Clock disabled
1 Clock enabled
0 Flash Memory Clock Gate Control
FTF

This bit controls the clock gate to the flash memory. Flash reads are still supported while the flash memory

is clock gated, but entry into low power modes is blocked.

0 Clock disabled
1 Clock enabled
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12.2.14 System Clock Gating Control Register 7 (SIM_SCGC?7)

Address: 4004_7000h base + 1040h offset = 4004_8040h

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

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

R 0 0 @
MPU | DMA |

Ll

-

[T

1 1 0

SIM_SCGCY7 field descriptions

Field Description
314 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.
2 MPU Clock Gate Control
MPU

This bit controls the clock gate to the MPU module.

0 Clock disabled
1 Clock enabled

1 DMA Clock Gate Control
DMA

This bit controls the clock gate to the DMA module.

0 Clock disabled
1 Clock enabled

0 FlexBus Clock Gate Control
FLEXBUS

This bit controls the clock gate to the FlexBus module.

0 Clock disabled
1 Clock enabled
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12.2.15 System Clock Divider Register 1 (SIM_CLKDIV1)

When updating CLKDIV1, update all fields using the one write command. Attempting to
write an invalid clock ratio to the CLKDIV1 register will cause the write to be ignored.
The maximum divide ratio that can be programmed between core/system clock and the
other divided clocks is divide by 8. When OUTDIV1 equals 0000 (divide by 1), the other
dividers cannot be set higher than 0111 (divide by 8).

NOTE
The CLKDIV1 register cannot be written to when the device is
in VLPR mode.

Address: 4004_7000h base + 1044h offset = 4004_8044h
Bit 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

Rl ouTpIvi OUTDIV2 OUTDIV3 OuUTDIV4
w

Reset 0* 0* O* 0* O* O* 0* O* O* 0* O* 0* 0* O* 0* 1* O* 0* o* O* 0* 0* 0* 0* O* 0* O* O* 0* o* O* 0*

* Notes:
* Reset value loaded during Syetem Reset from FTFE _FOPT[LPBOOT].

SIM_CLKDIV1 field descriptions

Field Description

31-28 Clock 1 output divider value
OUTDIV1
This field sets the divide value for the core/system clock from MCGOUTCLK. At the end of reset, it is
loaded with either 0000 or 0111 depending on FTFE _FOPT[LPBOOT].

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111 Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011 Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

2724 Clock 2 output divider value
OUTDIV2

Table continues on the next page...
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SIM_CLKDIV1 field descriptions (continued)

Field

Description

This field sets the divide value for the bus clock from MCGOUTCLK. At the end of reset, it is loaded with
either 0000 or 0111 depending on FTFE _FOPT[LPBOOT]. The bus clock frequency must be an integer
divide of the core/system clock frequency.

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111  Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011  Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

23-20
OUTDIV3

Clock 3 output divider value

This field sets the divide value for the FlexBus clock (external pin FB_CLK) from MCGOUTCLK. At the
end of reset, it is loaded with either 0001 or 1111 depending on FTFE _FOPT[LPBOOT]]. The FlexBus
clock frequency must be an integer divide of the system clock frequency.

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111 Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011 Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

19-16
OUTDIV4

Clock 4 output divider value

This field sets the divide value for the flash clock from MCGOUTCLK. At the end of reset, it is loaded with
either 0001 or 1111 depending on FTFE _FOPT[LPBOOT]. The flash clock frequency must be an integer
divide of the system clock frequency.

0000 Divide-by-1.

Table continues on the next page...
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SIM_CLKDIV1 field descriptions (continued)

Field Description
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111  Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011  Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

12.2.16 System Clock Divider Register 2 (SIM_CLKDIV?2)

Address: 4004_7000h base + 1048h offset = 4004_8048h

Bt 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

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

Q

R 0 é

USBDIV ™

o

n

)

0 0 0 0

SIM_CLKDIV2 field descriptions

Field Description
31-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-1 USB clock divider divisor
USBDIV
This field sets the divide value for the fractional clock divider when the MCGFLLCLK, or MCGPLLCLK, or
IRC48M clock is the USB clock source (SOPT2[USBSRC] = 1).

Table continues on the next page...
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SIM_CLKDIV2 field descriptions (continued)

Field Description
Divider output clock = Divider input clock x [ (USBFRAC+1) / (USBDIV+1) ]
0 USB clock divider fraction
USBFRAC

This field sets the fraction multiply value for the fractional clock divider when the MCGFLLCLK, or
MCGPLLCLK, or IRC48M clock is the USB clock source (SOPT2[USBSRC] = 1).

Divider output clock = Divider input clock x [ (USBFRAC+1) / (USBDIV+1) ]

12.2.17 Flash Configuration Register 1 (SIM_FCFG1)

For devices with FlexXNVM: The reset value of EESIZE and DEPART are based on user
programming in user IFR via the PGMPART flash command.

For devices with program flash only:The EESIZE and DEPART fields are not applicable.

Address: 4004_7000h base + 104Ch offset = 4004_804Ch

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

R NVMSIZE PFSIZE 0 EESIZE

Reset 1* 1* 1 1* 4= 1* 1 1~ [ 0~ 0 0 0 1 A* A 1

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

R 0 DEPART 0

FLASHDOZE
FLASHDIS

Reset  0* 0~ 0* 0* 1* 1* 1* 1* 0* 0* 0* 0* 0* 0* 0~ 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.
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SIM_FCFG1 field descriptions

Field Description

31-28 FlexNVM size
NVMSIZE

This field specifies the amount of FlexNVM memory available on the device . Undefined values are
reserved.

0000 O KB of FlexNVM
0011 32 KB of FlexNVM
0101 64 KB of FlexNVM
0111 128 KB of FlexNVM
1001 256 KB of FlexNVM
1011 512 KB of FlexNVM
1111 512 KB of FlexNVM

27-24 Program flash size
PFSIZE

This field specifies the amount of program flash memory available on the device . Undefined values are
reserved.

0011 32 KB of program flash memory
0101 64 KB of program flash memory
0111 128 KB of program flash memory
1001 256 KB of program flash memory
1011 512 KB of program flash memory
1101 1024 KB of program flash memory
1111 1024 KB of program flash memory

23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 EEPROM size
EESIZE
EEPROM data size .
0000 16 KB
0001 8 KB
0010 4 KB
0011 2 KB
0100 1 KB
0101 512 Bytes
0110 256 Bytes
0111 128 Bytes
1000 64 Bytes
1001 32 Bytes
1010-1110 Reserved
1111 0 Bytes
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 FlexNVM partition

DEPART
For devices with FlexNVM: Data flash / EEPROM backup split . See DEPART bit description in FTFE

chapter.

For devices without FlexNVM: Reserved

Table continues on the next page...
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SIM_FCFG1 field descriptions (continued)

Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Flash Doze
FLASHDOZE

When set, Flash memory is disabled for the duration of Wait mode. An attempt by the DMA or other bus
master to access the Flash when the Flash is disabled will result in a bus error. This bit should be clear
during VLP modes. The Flash will be automatically enabled again at the end of Wait mode so interrupt
vectors do not need to be relocated out of Flash memory. The wakeup time from Wait mode is extended
when this bit is set.

0 Flash remains enabled during Wait mode
1 Flash is disabled for the duration of Wait mode

0 Flash Disable
FLASHDIS

Flash accesses are disabled (and generate a bus error) and the Flash memory is placed in a low power
state. This bit should not be changed during VLP modes. Relocate the interrupt vectors out of Flash
memory before disabling the Flash.

0 Flash is enabled
1 Flash is disabled
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12.2.18 Flash Configuration Register 2 (SIM_FCFG2)

Address: 4004_7000h base + 1050h offset = 4004_8050h

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

R| O MAXADDRO

MAXADDR1

PFLSH

Reset 0* 1* 1* 1* 1* 1* 1* 1* 0 1* 1* 1* 1* 1* 1* 1*

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*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_FCFG2 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-24 Max address block 0
MAXADDRO

This field concatenated with 13 trailing zeros indicates the first invalid address of each program flash
block.

For example, if MAXADDRO = 0x20 the first invalid address of flash block 0 is 0x0004_0000. This would
be the MAXADDRQO value for a device with 256 KB program flash in flash block 0.

23 Program flash only
PFLSH

For devices with FlexNVM, this bit is always clear.

For devices without FlexNVM, this bit is always set.

0 Device supports FlexNVM
1 Program Flash only, device does not support FlexNVM

Table continues on the next page...
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SIM_FCFG2 field descriptions (continued)

Field Description

22-16 Max address block 1

MAXADDRHT . ) o ] o
For devices with FlexNVM: This field concatenated with 13 trailing zeros plus the FlexNVM base address

indicates the first invalid address of the FlexNVM flash block.

For example, if MAXADDR1 = 0x20 the first invalid address of FlexNVM flash block is 0x4_0000 +
0x1000_0000 . This would be the MAXADDR1 value for a device with 256 KB FlexNVM.

For devices with program flash only: This field equals zero if there is only one program flash block,
otherwise it equals the value of the MAXADDRO field.

For example, with MAXADDRO = MAXADDR1 = 0x20 the first invalid address of flash block 1 is 0x4_0000
+ 0x4_0000. This would be the MAXADDR1 value for a device with 512 KB program flash memory across
two flash blocks and no FlexNVM.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

12.2.19 Unique ldentification Register High (SIM_UIDH)

Address: 4004_7000h base + 1054h offset = 4004_8054h

Bit 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

R uiD

Reset 0* 0* O* 0* 0* O* 0* O* O* 0* O* 0* 0* O* 0* 0* O* 0* O* O* 0* O* 0* 0* O* 0* o* O* 0* O* O* 0*
* Notes:

* Reset value loaded during System Reset from Flash IFR.

SIM_UIDH field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.

12.2.20 Unique ldentification Register Mid-High (SIM_UIDMH)

Address: 4004_7000h base + 1058h offset = 4004_8058h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* 0* O* 0* 0* O* 0* O* 0* 0* O* 0* 0* O* 0* 0* O* 0* O* 0* 0* O* 0* 0* O* 0* 0* O* 0* O* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.
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SIM_UIDMH field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.

12.2.21 Unique ldentification Register Mid Low (SIM_UIDML)

Address: 4004_7000h base + 105Ch offset = 4004_805Ch

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0*

* Notes:
¢ Reset value loaded during System Reset from Flash IFR.

SIM_UIDML field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.

12.2.22 Unique Identification Register Low (SIM_UIDL)

Address: 4004_7000h base + 1060h offset = 4004_8060h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* O* O* 0* O* O* 0* O* 0* 0* 0* 0* O* O* 0* 0* 0* 0* O* 0* 0* 0* 0* O* O* 0* O* 0* 0* O* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDL field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.
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12.3 Functional description

For more information about the functions of SIM, see the Introduction section.
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Chapter 13
Reset Control Module (RCM)

13.1 Introduction

Information found here describes the registers of the Reset Control Module (RCM). The
RCM implements many of the reset functions for the chip. See the chip's reset chapter for
more information.

See AN4503: Power Management for Kinetis MCUs for further details on using the
RCM.

13.2 Reset memory map and register descriptions
The RCM Memory Map/Register Definition can be found here.

The Reset Control Module (RCM) registers provide reset status information and reset
filter control.

NOTE

The RCM registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

error.
RCM memory map

Absolute ; i
address Register name (ivr\nhlgittg) Access | Reset value Se(;t'zn/

(hex) pag
4007_F000 |System Reset Status Register 0 (RCM_SRSO0) 8 R 82h 13.2.1/340
4007_F001 |System Reset Status Register 1 (RCM_SRS1) 8 R 00h 13.2.2/341
4007_F004 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 13.2.3/343
4007_F005 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 13.2.4/344
4007_F007 |Mode Register (RCM_MR) 8 R 00h 13.2.5/345
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Reset memory map and register descriptions

13.2.1 System Reset Status Register 0 (RCM_SRSO0)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:
POR (including LVD) — 0x82
LVD (without POR) — 0x02
VLLS mode wakeup due to RESET pin assertion — 0x41
VLLS mode wakeup due to other wakeup sources — 0x01
Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + Oh offset = 4007_F000h

Bit 7 6 5 4 | 3 2 1 0
Read POR PIN WDOG 0 LOL LOC LVD WAKEUP
Write
Reset 1 0 0 0 0 0 1 0

RCM_SRSO field descriptions
Field Description
7 Power-On Reset
POR

Indicates a reset has been caused by the power-on detection logic. Because the internal supply voltage
was ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset
occurred while the internal supply was below the LVD threshold.

0 Reset not caused by POR
1 Reset caused by POR

6 External Reset Pin
PIN

Indicates a reset has been caused by an active-low level on the external RESET pin.

0 Reset not caused by external reset pin
1 Reset caused by external reset pin

5 Watchdog
WDOG

Indicates a reset has been caused by the watchdog timer Computer Operating Properly (COP) timing out.
This reset source can be blocked by disabling the COP watchdog: write 00 to the SIM's COPC[COPT]
field.

0 Reset not caused by watchdog timeout
1 Reset caused by watchdog timeout

4 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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RCM_SRSO field descriptions (continued)

Field Description
3 Loss-of-Lock Reset
LOL
Indicates a reset has been caused by a loss of lock in the MCG PLL. See the MCG description for
information on the loss-of-clock event.
0 Reset not caused by a loss of lock in the PLL
1 Reset caused by a loss of lock in the PLL
2 Loss-of-Clock Reset
LOC
Indicates a reset has been caused by a loss of external clock. The MCG clock monitor must be enabled
for a loss of clock to be detected. Refer to the detailed MCG description for information on enabling the
clock monitor.
0 Reset not caused by a loss of external clock.
1 Reset caused by a loss of external clock.
1 Low-Voltage Detect Reset
LVD
If PMC_LVDSC1[LVDRE] is set and the supply drops below the LVD trip voltage, an LVD reset occurs.
This field is also set by POR.
0 Reset not caused by LVD trip or POR
1 Reset caused by LVD trip or POR
0 Low Leakage Wakeup Reset
WAKEUP

Indicates a reset has been caused by an enabled LLWU module wakeup source while the chip was in a
low leakage mode. In LLS mode, the RESET pin is the only wakeup source that can cause this reset. Any
enabled wakeup source in a VLLSx mode causes a reset. This bit is cleared by any reset except
WAKEUP.

0 Reset not caused by LLWU module wakeup source
1 Reset caused by LLWU module wakeup source

13.2.2 System Reset Status Register 1 (RCM_SRS1)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:
POR (including LVD) — 0x00
LVD (without POR) — 0x00
VLLS mode wakeup — 0x00
Other reset — a bit is set if its corresponding reset source
caused the reset
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Address: 4007_F000h base + 1h offset = 4007_F001h

Bit 7 6 5 4 | 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0

RCM_SRSH1 field descriptions

Field Description
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 Stop Mode Acknowledge Error Reset
SACKERR

Indicates that after an attempt to enter Stop mode, a reset has been caused by a failure of one or more
peripherals to acknowledge within approximately one second to enter stop mode.

0 Reset not caused by peripheral failure to acknowledge attempt to enter stop mode
1 Reset caused by peripheral failure to acknowledge attempt to enter stop mode

4 EzPort Reset
EZPT

Indicates a reset has been caused by EzPort receiving the RESET command while the device is in EzPort
mode.

0 Reset not caused by EzPort receiving the RESET command while the device is in EzPort mode
1 Reset caused by EzPort receiving the RESET command while the device is in EzPort mode

3 MDM-AP System Reset Request
MDM_AP

Indicates a reset has been caused by the host debugger system setting of the System Reset Request bit
in the MDM-AP Control Register.

0 Reset not caused by host debugger system setting of the System Reset Request bit
1 Reset caused by host debugger system setting of the System Reset Request bit

2 Software

Indicates a reset has been caused by software setting of SYSRESETREQ bit in Application Interrupt and
Reset Control Register in the ARM core.

0 Reset not caused by software setting of SYSRESETREQ bit
1 Reset caused by software setting of SYSRESETREQ bit

1 Core Lockup
LOCKUP

Indicates a reset has been caused by the ARM core indication of a LOCKUP event.

0 Reset not caused by core LOCKUP event
1 Reset caused by core LOCKUP event

0 JTAG Generated Reset
JTAG

Indicates a reset has been caused by JTAG selection of certain IR codes: EZPORT, EXTEST, HIGHZ,
and CLAMP.

0 Reset not caused by JTAG
1 Reset caused by JTAG
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13.2.3 Reset Pin Filter Control register (RCM_RPFC)

NOTE
The reset values of bits 2-0 are for Chip POR only. They are
unaffected by other reset types.

NOTE
The bus clock filter is reset when disabled or when entering
stop mode. The LPO filter is reset when disabled or when
entering any low leakage stop mode .

Address: 4007_F000h base + 4h offset = 4007_F004h

Bit 7 6 5 4 | 3 2 1 0
Head RSTFLTSS RSTFLTSRW
Write
Reset 0 0 0 0 0 0 0 0
RCM_RPFC field descriptions

Field Description
7-3 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

2 Reset Pin Filter Select in Stop Mode
RSTFLTSS

Selects how the reset pin filter is enabled in Stop and VLPS modes

0 Allfiltering disabled
1 LPO clock filter enabled

RSTFLTSRW |Reset Pin Filter Select in Run and Wait Modes

Selects how the reset pin filter is enabled in run and wait modes.

00 Allfiltering disabled

01 Bus clock filter enabled for normal operation
10 LPO clock filter enabled for normal operation
11 Reserved
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13.2.4 Reset Pin Filter Width register (RCM_RPFW)

NOTE
The reset values of the bits in the RSTFLTSEL field are for
Chip POR only. They are unaffected by other reset types.

Address: 4007_F000h base + 5h offset = 4007_F005h

Bit 7 6 5 4 | 3 2 1 0
Read 0 RSTFLTSEL
Write
Reset 0 0 0 o | o 0 0 0
RCM_RPFW field descriptions
Field Description
7-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

RSTFLTSEL |Reset Pin Filter Bus Clock Select
Selects the reset pin bus clock filter width.

00000 Bus clock filter count is 1
00001 Bus clock filter count is 2
00010 Bus clock filter count is 3
00011  Bus clock filter count is 4
00100 Bus clock filter count is 5
00101 Bus clock filter count is 6
00110 Bus clock filter count is 7
00111  Bus clock filter count is 8
01000 Bus clock filter count is 9
01001 Bus clock filter count is 10
01010 Bus clock filter count is 11
01011 Bus clock filter count is 12
01100 Bus clock filter count is 13
01101 Bus clock filter count is 14
01110 Bus clock filter count is 15
01111  Bus clock filter count is 16
10000 Bus clock filter count is 17
10001 Bus clock filter count is 18
10010 Bus clock filter count is 19
10011 Bus clock filter count is 20
10100 Bus clock filter count is 21
10101 Bus clock filter count is 22
10110 Bus clock filter count is 23
10111 Bus clock filter count is 24
11000 Bus clock filter count is 25

Table continues on the next page...
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RCM_RPFW field descriptions (continued)

Field Description

11001 Bus clock filter count is 26
11010 Bus clock filter count is 27
11011 Bus clock filter count is 28
11100 Bus clock filter count is 29
11101 Bus clock filter count is 30
11110 Bus clock filter count is 31
11111 Bus clock filter count is 32

13.2.5 Mode Register (RCM_MR)

This register includes read-only status flags to indicate the state of the mode pins during
the last Chip Reset.

Address: 4007_F000h base + 7h offset = 4007_F007h

Bit 7 6 5 4 3 2 1
Read
Write
Reset 0 0 0 0 0 0 0 0
RCM_MR field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 EZP_MS_B pin state
EZP_MS

Reflects the state of the EZP_MS pin during the last Chip Reset

0 Pin deasserted (logic 1)
1 Pin asserted (logic 0)

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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Chapter 14
System Mode Controller (SMC)

14.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The System Mode Controller (SMC) is responsible for sequencing the system into and
out of all low-power Stop and Run modes.

Specifically, it monitors events to trigger transitions between power modes while
controlling the power, clocks, and memories of the system to achieve the power
consumption and functionality of that mode.

This chapter describes all the available low-power modes, the sequence followed to enter/
exit each mode, and the functionality available while in each of the modes.

The SMC is able to function during even the deepest low power modes.

See AN4503: Power Management for Kinetis MCUs for further details on using the
SMC.

14.2 Modes of operation
The ARM CPU has three primary modes of operation:

* Run
» Sleep
* Deep Sleep

The WFI or WFE instruction is used to invoke Sleep and Deep Sleep modes. Run, Wait,
and Stop are the common terms used for the primary operating modes of Kinetis
microcontrollers.
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Modes of operation

The following table shows the translation between the ARM CPU modes and the Kinetis
MCU power modes.

ARM CPU mode MCU mode
Sleep Wait
Deep Sleep Stop

Accordingly, the ARM CPU documentation refers to sleep and deep sleep, while the
Kinetis MCU documentation normally uses wait and stop.

In addition, Kinetis MCUs also augment Stop, Wait, and Run modes in a number of
ways. The power management controller (PMC) contains a run and a stop mode
regulator. Run regulation is used in normal run, wait and stop modes. Stop mode
regulation is used during all very low power and low leakage modes. During stop mode
regulation, the bus frequencies are limited in the very low power modes.

The SMC provides the user with multiple power options. The Very Low Power Run
(VLPR) mode can drastically reduce run time power when maximum bus frequency is
not required to handle the application needs. From Normal Run mode, the Run Mode
(RUNM) field can be modified to change the MCU into VLPR mode when limited
frequency is sufficient for the application. From VLPR mode, a corresponding wait
(VLPW) and stop (VLPS) mode can be entered.

Depending on the needs of the user application, a variety of stop modes are available that
allow the state retention, partial power down or full power down of certain logic and/or
memory. I/O states are held in all modes of operation. Several registers are used to
configure the various modes of operation for the device.

The following table describes the power modes available for the device.

Table 14-1. Power modes

Mode Description

RUN The MCU can be run at full speed and the internal supply is fully regulated, that is, in run regulation.
This mode is also referred to as Normal Run mode.

WAIT The core clock is gated off. The system clock continues to operate. Bus clocks, if enabled, continue
to operate. Run regulation is maintained.

STOP The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

VLPR The core, system, bus, and flash clock maximum frequencies are restricted in this mode. See the
Power Management chapter for details about the maximum allowable frequencies.

VLPW The core clock is gated off. The system, bus, and flash clocks continue to operate, although their
maximum frequency is restricted. See the Power Management chapter for details on the maximum
allowable frequencies.

VLPS The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

Table continues on the next page...
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Table 14-1. Power modes (continued)

Mode

Description

LLS

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by reducing the voltage to internal logic. All system RAM contents, internal logic and
I/O states are retained.

VLLS3

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic. All system RAM contents are retained and 1/0
states are held. Internal logic states are not retained.

VLLS2

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and the system RAM2 partition. The system
RAMT partition contents are retained in this mode. Internal logic states are not retained. '

VLLS1

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained.

VLLSO

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained. The 1kHz LPO clock is disabled and the power on reset (POR) circuit
can be optionally enabled using VLLSCTRL[PORPO].

1. See the devices' chip configuration details for the size and location of the system RAM partitions.

14.3 Memory map and register descriptions

Information about the registers related to the system mode controller can be found here.

Different SMC registers reset on different reset types. Each register's description provides
details. For more information about the types of reset on this chip, refer to the Reset

section details.

NOTE

The SMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

NOTE

Before executing the WFI instruction, the last register written to
must be read back. This ensures that all register writes
associated with setting up the low power mode being entered
have completed before the MCU enters the low power mode.
Failure to do this may result in the low power mode not being
entered correctly.
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Memory map and register descriptions

SMC memory map

Absolute . .
address Register name (i":I:itt:) Access | Reset value Sec;tlc;nl

(hex) pag
4007_EO00 |Power Mode Protection register (SMC_PMPROT) 8 R/W 00h 14.3.1/350
4007_EO001 |Power Mode Control register (SMC_PMCTRL) 8 R/W 00h 14.3.2/351
4007_E002 |VLLS Control Register (SMC_VLLSCTRL) 8 R/W 03h 14.3.3/353
4007_EO003 |Power Mode Status register (SMC_PMSTAT) 8 R 01h 14.3.4/354

14.3.1 Power Mode Protection register (SMC_PMPROT)

This register provides protection for entry into any low-power run or stop mode. The
enabling of the low-power run or stop mode occurs by configuring the Power Mode
Control register (PMCTRL).

The PMPROT register can be written only once after any system reset.

If the MCU is configured for a disallowed or reserved power mode, the MCU remains in
its current power mode. For example, if the MCU is in normal RUN mode and AVLP is
0, an attempt to enter VLPR mode using PMCTRL[RUNM] is blocked and
PMCTRL[RUNM] remains 00b, indicating the MCU is still in Normal Run mode.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the Reset
section details for more information.

Address: 4007_EO00h base + 0Oh offset = 4007_E000h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
SMC_PMPROT field descriptions
Field Description
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 Allow Very-Low-Power Modes
AVLP
Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
any very-low-power mode (VLPR, VLPW, and VLPS).

Table continues on the next page...
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SMC_PMPROT field descriptions (continued)

Field Description
0 VLPR, VLPW, and VLPS are not allowed.
1 VLPR, VLPW, and VLPS are allowed.

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Allow Low-Leakage Stop Mode
ALLS

Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
any low-leakage stop mode (LLS).

0 LLSis not allowed
1 LLS s allowed

2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Allow Very-Low-Leakage Stop Mode
AVLLS

Provided the appropriate control bits are set up in PMCTRL, this write once bit allows the MCU to enter
any very-low-leakage stop mode (VLLSX).

0 Any VLLSx mode is not allowed
1 Any VLLSx mode is allowed

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

14.3.2 Power Mode Control register (SMC_PMCTRL)

The PMCTRL register controls entry into low-power Run and Stop modes, provided that
the selected power mode is allowed via an appropriate setting of the protection
(PMPROT) register.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00h base + 1h offset = 4007_E001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 STOPA
LPWUI RUNM STOPM
Write
Reset 0 0 0 0 0 0 0 0

K64 Sub-Family Reference Manual, Rev. 3, July 2017
NXP Semiconductors 351




Memory map and register descriptions
SMC_PMCTRL field descriptions

Field Description

7 Low-Power Wake Up On Interrupt

LPWUI
Causes the SMC to exit to normal RUN mode when any active MCU interrupt occurs while in a VLP mode

(VLPR, VLPW or VLPS).

NOTE: If VLPS mode was entered directly from RUN mode, the SMC will always exit back to normal
RUN mode regardless of the LPWUI setting.

NOTE: LPWUI must be modified only while the system is in RUN mode, that is, when PMSTAT=RUN.

0 The system remains in a VLP mode on an interrupt
1 The system exits to Normal RUN mode on an interrupt

6-5 Run Mode Control
RUNM

When written, causes entry into the selected run mode. Writes to this field are blocked if the protection
level has not been enabled using the PMPROT register.

NOTE: RUNM may be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

00 Normal Run mode (RUN)

01 Reserved

10 Very-Low-Power Run mode (VLPR)
11 Reserved

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Stop Aborted
STOPA

When set, this read-only status bit indicates an interrupt or reset occured during the previous stop mode
entry sequence, preventing the system from entering that mode. This field is cleared by hardware at the
beginning of any stop mode entry sequence and is set if the sequence was aborted.

0 The previous stop mode entry was successful.
1 The previous stop mode entry was aborted.

STOPM Stop Mode Control

When written, controls entry into the selected stop mode when Sleep-Now or Sleep-On-Exit mode is
entered with SLEEPDEEP=1 . Writes to this field are blocked if the protection level has not been enabled
using the PMPROT register. After any system reset, this field is cleared by hardware on any successful
write to the PMPROT register.

NOTE: When set to VLLSx, the VLLSM field in the VLLSCTRL register is used to further select the
particular VLLS submode which will be entered.

NOTE:

000 Normal Stop (STOP)

001 Reserved

010 Very-Low-Power Stop (VLPS)
011 Low-Leakage Stop (LLS)

100 Very-Low-Leakage Stop (VLLSXx)
101 Reserved

110 Reseved

111 Reserved
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14.3.3 VLLS Control Register (SMC_VLLSCTRL)

The VLLSCTRL register provides various control bits allowing the user to fine tune
power consumption during the stop mode selected by the STOPM field.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 2h offset = 4007_E002h

Bit 7 6 5 4 3 2 1 0
Head VLLSM
Write
Reset 0 0 0 0 0 0 1 1
SMC_VLLSCTRL field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 POR Power Option
PORPO
This bit controls whether the POR detect circuit is enabled in VLLSO0 mode.
0 POR detect circuit is enabled in VLLSO
1 POR detect circuit is disabled in VLLSO
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 bit is reserved for future expansion. Software should write 0 to this bit to maintain compatibility.
VLLSM VLLS Mode Control

This field controls which VLLS sub-mode to enter if STOPM = VLLSx.

000 VLLSO

001 VLLSA

010 VLLS2

ot1 VLLS3

100
101
110
111

Reserved
Reserved
Reserved
Reserved
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14.3.4 Power Mode Status register (SMC_PMSTAT)

PMSTAT is a read-only, one-hot register which indicates the current power mode of the
system.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00h base + 3h offset = 4007_E003h

Bit 7 6 5 4 | 3 2 1 0
Read PMSTAT
Write
Reset 0 0 0 0 0 0 0 1
SMC_PMSTAT field descriptions
Field Description

PMSTAT Power Mode Status

NOTE: When debug is enabled, the PMSTAT will not update to STOP or VLPS

0000_0001 Current power mode is RUN.
0000_0010 Current power mode is STOP.
0000_0100 Current power mode is VLPR.
0000_1000 Current power mode is VLPW.
0001_0000 Current power mode is VLPS.
0010_0000 Current power mode is LLS.
0100_0000 Current power mode is VLLS.
1000_0000 Reserved

14.4 Functional description

14.4.1 Power mode transitions

The following figure shows the power mode state transitions available on the chip. Any
reset always brings the MCU back to the normal RUN state.
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Any RESET

10 8

9
11

Figure 14-1. Power mode state diagram

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

Table 14-2. Power mode transition triggers

Transition # From To Trigger conditions
1 RUN WAIT Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, controlled in System Control Register in ARM core.
See note.!
WAIT RUN Interrupt or Reset
2 RUN STOP PMCTRL[RUNM]=00, PMCTRL[STOPM]=000

Table continues on the next page...
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Table 14-2. Power mode transition triggers (continued)

Transition # From To Trigger conditions

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM

core.
See note.’
STOP RUN Interrupt or Reset
3 RUN VLPR The core, system, bus and flash clock frequencies and MCG

clocking mode are restricted in this mode. See the Power
Management chapter for the maximum allowable frequencies
and MCG modes supported.

Set PMPROT[AVLP]=1, PMCTRL[RUNM]=10.

VLPR RUN Set PMCTRL[RUNM]=00 or
Interrupt with PMCTRL[LPWUI] =1 or
Reset.

4 VLPR VLPW Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, which is controlled in System Control Register in ARM
core.

See note.’
VLPW VLPR Interrupt with PMCTRL[LPWUI]=0

5 VLPW RUN Interrupt with PMCTRL[LPWUI]=1 or
Reset

6 VLPR VLPS PMCTRL[STOPM]=000 or 010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

See note.!
VLPS VLPR Interrupt with PMCTRL[LPWUI]=0

NOTE: If VLPS was entered directly from RUN (transition
#4), hardware forces exit back to RUN and does not
allow a transition to VLPR.

7 RUN VLPS PMPROT[AVLP]=1, PMCTRL[STOPM]=010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

See note.!
VLPS RUN Interrupt with PMCTRL[LPWUI]=1 or

Interrupt with PMCTRL[LPWUI]=0 and VLPS mode was
entered directly from RUN or

Reset

8 RUN VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
VLLSCTRL[LLSM]=x (VLLSXx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

VLLSx RUN Wakeup from enabled LLWU input source or RESET pin

Table continues on the next page...
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Table 14-2. Power mode transition triggers (continued)

Transition #

From

To

Trigger conditions

9

VLPR

VLLSx

PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
VLLSCTRL[LLSM]=x (VLLSXx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

10

RUN

LLSx

PMPROTI[ALLS]=1, PMCTRL[STOPM]=011,
STOPCTRL[LLSM]=x (LLSx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

LLSx

RUN

Wakeup from enabled LLWU input source and LLSx mode
was entered directly from RUN or

RESET pin.

11

VLPR

LLSx

PMPROT[ALLS]=1, PMCTRL[STOPM]=011, Sleep-now or
sleep-on-exit modes entered with SLEEPDEEP set, which is
controlled in System Control Register in ARM core.

LLSx

VLPR

Wakeup from enabled LLWU input source and LLSx mode
was entered directly from VLPR

NOTE: If LLSx was entered directly from RUN, hardware will
not allow this transition and will force exit back to
RUN

1. If debug is enabled, the core clock remains to support debug.

14.4.2 Power mode entry/exit sequencing

When entering or exiting low-power modes, the system must conform to an orderly
sequence to manage transitions safely.

The SMC manages the system's entry into and exit from all power modes. This diagram
illustrates the connections of the SMC with other system components in the chip that are
necessary to sequence the system through all power modes.
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Low-
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LP exit
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Controller
(SMC)

Stop/Wait
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CCM low power bus

——
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Clock
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MCG enable

System
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(MCG)

14.4.2.1 Stop mode entry sequence

Bus masters low power bus (non-CPU)

Bus slaves low power bus

Flash low power bus

Flash
Memory
Module

Figure 14-2. Low-power system components and connections

Entry into a low-power stop mode (Stop, VLPS, LLS, VLLSx) is initiated by a CPU
executing the WFI instruction. After the instruction is executed, the following sequence

occurs:

1. The CPU clock is gated off immediately.

2. Requests are made to all non-CPU bus masters to enter Stop mode.

3. After all masters have acknowledged they are ready to enter Stop mode, requests are
made to all bus slaves to enter Stop mode.

4. After all slaves have acknowledged they are ready to enter Stop mode, all system and
bus clocks are gated off.

hd

Clock generators are disabled in the MCG.

6. The on-chip regulator in the PMC and internal power switches are configured to
meet the power consumption goals for the targeted low-power mode.
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14.4.2.2 Stop mode exit sequence
Exit from a low-power stop mode is initiated either by a reset or an interrupt event. The
following sequence then executes to restore the system to a run mode (RUN or VLPR):
1. The on-chip regulator in the PMC and internal power switches are restored.
2. Clock generators are enabled in the MCG.
3. System and bus clocks are enabled to all masters and slaves.
4. The CPU clock is enabled and the CPU begins servicing the reset or interrupt that
initiated the exit from the low-power stop mode.

14.4.2.3 Aborted stop mode entry

If an interrupt or a reset occurs during a stop entry sequence, the SMC can abort the
transition early and return to RUN mode without completely entering the stop mode. An
aborted entry is possible only if the reset or interrupt occurs before the PMC begins the
transition to stop mode regulation. After this point, the interrupt or reset is ignored until
the PMC has completed its transition to stop mode regulation. When an aborted stop
mode entry sequence occurs, SMC_PMCTRL[STOPA] is set to 1.

14.4.2.4 Transition to wait modes

For wait modes (WAIT and VLPW), the CPU clock is gated off while all other clocking
continues, as in RUN and VLPR mode operation. Some modules that support stop-in-
wait functionality have their clocks disabled in these configurations.

14.4.2.5 Transition from stop modes to Debug mode

The debugger module supports a transition from STOP, WAIT, VLPS, and VLPW back
to a Halted state when the debugger has been enabled. As part of this transition, system
clocking is re-established and is equivalent to the normal RUN and VLPR mode clocking
configuration.

14.4.3 Run modes

The run modes supported by this device can be found here.

* Run (RUN)
* Very Low-Power Run (VLPR)
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14.4.3.1 RUN mode
This is the normal operating mode for the device.

This mode is selected after any reset. When the ARM processor exits reset, it sets up the
stack, program counter (PC), and link register (LR):

* The processor reads the start SP (SP_main) from vector-table offset 0x000
 The processor reads the start PC from vector-table offset 0x004
e [.R 1s set to OxFFFF_FFFF.

To reduce power in this mode, disable the clocks to unused modules.

14.4.3.2 Very-Low Power Run (VLPR) mode

In VLPR mode, the on-chip voltage regulator is put into a stop mode regulation state. In
this state, the regulator is designed to supply enough current to the MCU over a reduced
frequency. To further reduce power in this mode, disable the clocks to unused modules
using their corresponding clock gating control bits in the SIM's registers.

Before entering this mode, the following conditions must be met:

* The MCG must be configured in a mode which is supported during VLPR. See the
Power Management details for information about these MCG modes.

* All clock monitors in the MCG must be disabled.

* The maximum frequencies of the system, bus, flash, and core are restricted. See the
Power Management details about which frequencies are supported.

* Mode protection must be set to allow VLP modes, that is, PMPROT[AVLP] is 1.

e PMCTRL[RUNM] must be set to 10b to enter VLPR.

* Flash programming/erasing is not allowed.

NOTE
Do not increase the clock frequency while in VLPR mode,
because the regulator is slow in responding and cannot manage
fast load transitions. In addition, do not modify the clock source
in the MCG module or any clock divider registers. Module
clock enables in the SIM can be set, but not cleared.
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To reenter Normal Run mode, clear PMCTRL[RUNM]. PMSTAT is a read-only status
register that can be used to determine when the system has completed an exit to RUN
mode. When PMSTAT=RUN, the system is in run regulation and the MCU can run at
full speed in any clock mode. If a higher execution frequency is desired, poll PMSTAT
until it is set to RUN when returning from VLPR mode.

VLPR mode also provides the option to return to run regulation if any interrupt occurs.
Implement this option by setting Low-Power Wakeup On Interrupt (LPWUI) in the
PMCTRL register. Any reset always causes an exit from VLPR and returns the device to
RUN mode after the MCU exits its reset flow. The RUNM bits are cleared by hardware
on any interrupt when LPWUI is set or on any reset.

14.4.4 Wait modes

This device contains two different wait modes which are listed here.

* Wait
* Very-Low Power Wait (VLPW)

14.4.4.1 WAIT mode

WAIT mode is entered when the ARM core enters the Sleep-Now or Sleep-On-Exit
modes while SLEEPDEEP is cleared. The ARM CPU enters a low-power state in which

it is not clocked, but peripherals continue to be clocked provided they are enabled.

When an interrupt request occurs, the CPU exits WAIT mode and resumes processing in
RUN mode, beginning with the stacking operations leading to the interrupt service
routine.

A system reset causes an exit from WAIT mode, returning the device to normal RUN
mode.

14.4.4.2 Very-Low-Power Wait (VLPW) mode

VLPW mode is entered by entering the Sleep-Now or Sleep-On-Exit mode while
SLEEPDEERP is cleared and the device is in VLPR mode.

In VLPW, the on-chip voltage regulator remains in its stop regulation state. In this state,
the regulator is designed to supply enough current to the device at a reduced frequency.
To further reduce power in this mode, disable the clocks to unused modules.

VLPR mode restrictions also apply to VLPW.
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VLPW mode provides the option to return to fully-regulated normal RUN mode if any
enabled interrupt occurs. This is done by setting PMCTRL[LPWUI]. Wait for the
PMSTAT register to set to RUN before increasing the frequency.

If the LPWUI bit is clear, when an interrupt from VLPW occurs, the device returns to
VLPR mode to execute the interrupt service routine.

A system reset causes an exit from VLPW mode, returning the device to normal RUN
mode.

14.4.5 Stop modes

This device contains a variety of stop modes to meet your application needs.
The stop modes range from:

* a stopped CPU, with all I/O, logic, and memory states retained, and certain
asynchronous mode peripherals operating

to:

» a powered down CPU, with only I/O and a small register file retained, very few
asynchronous mode peripherals operating, while the remainder of the MCU 1is
powered down.

The choice of stop mode depends upon the user's application, and how power usage and
state retention versus functional needs and recovery time may be traded off.

The various stop modes are selected by setting the appropriate fields in PMPROT and
PMCTRL. The selected stop mode is entered during the sleep-now or sleep-on-exit entry
with the SLEEPDEERP bit set in the System Control Register in the ARM core.

The available stop modes are:

* Normal Stop (STOP)

* Very-Low Power Stop (VLPS)

* Low-Leakage Stop (LLS)

e Very-Low-Leakage Stop (VLLSX)

14.4.5.1 STOP mode

STOP mode is entered via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in
the System Control Register in the ARM core.

The MCG module can be configured to leave the reference clocks running.
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A module capable of providing an asynchronous interrupt to the device takes the device
out of STOP mode and returns the device to normal RUN mode. Refer to the device's
Power Management chapter for peripheral, I/O, and memory operation in STOP mode.
When an interrupt request occurs, the CPU exits STOP mode and resumes processing,
beginning with the stacking operations leading to the interrupt service routine.

A system reset will cause an exit from STOP mode, returning the device to normal RUN
mode via an MCU reset.

14.4.5.2 Very-Low-Power Stop (VLPS) mode
The two ways in which VLPS mode can be entered are listed here.

* Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in VLPR mode and
PMCTRL[STOPM] = 010 or 000.

* Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in normal RUN mode
and PMCTRL[STOPM] = 010. When VLPS is entered directly from RUN mode, exit
to VLPR is disabled by hardware and the system will always exit back to RUN.

In VLPS, the on-chip voltage regulator remains in its stop regulation state as in VLPR.

A module capable of providing an asynchronous interrupt to the device takes the device
out of VLPS and returns the device to VLPR mode, provided LPWUI is clear.

If LPWUTI is set, the device returns to normal RUN mode upon an interrupt request.
PMSTAT must be set to RUN before allowing the system to return to a frequency higher
than that allowed in VLPR mode.

A system reset will also cause a VLPS exit, returning the device to normal RUN mode.

14.4.5.3 Low-Leakage Stop (LLS) mode
Low-Leakage Stop (LLS) mode can be entered from normal RUN or VLPR modes.

The MCU enters LLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, SLEEPDEEP is set in the System Control
Register in the ARM core, and
* The device is configured as shown in Table 14-2.

In LLS, the on-chip voltage regulator is in stop regulation. Most of the peripherals are put
in a state-retention mode that does not allow them to operate while in LLS.
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Before entering LLS mode, the user should configure the Low-Leakage Wake-up
(LLWU) module to enable the desired wake-up sources. The available wake-up sources
in LLS are detailed in the chip configuration details for this device.

After wakeup from LLS, the device returns to the run mode from which LLS was entered
(either normal RUN or VLPR) with a pending LLWU module interrupt. In the LLWU
interrupt service routine (ISR), the user can poll the LLWU module wake-up flags to
determine the source of the wakeup.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit Stop mode on an LLS recovery.

An asserted RESET pin will cause an exit from LLS mode, returning the device to
normal RUN mode. When LLS is exiting via the RESET pin, RCM_SRS[PIN] and
RCM_SRS[WAKEUP] are set.

14.4.5.4 Very-Low-Leakage Stop (VLLSx) modes
This device contains these very low leakage modes:

* VLLS3
e VLLS2
* VLLSI
 VLLSO

VLLSX is often used in this document to refer to all of these modes.
All VLLSx modes can be entered from normal RUN or VLPR modes.

The MCU enters the configured VLLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, the SLEEPDEEP bit is set in the System
Control Register in the ARM core, and
* The device is configured as shown in Table 14-2.

In VLLS, the on-chip voltage regulator is in its stop-regulation state while most digital
logic is powered off.

Before entering VLLS mode, the user should configure the Low-Leakage Wake-up
(LLWU) module to enable the desired wakeup sources. The available wake-up sources in
VLLS are detailed in the chip configuration details for this device.
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After wakeup from VLLS, the device returns to normal RUN mode with a pending
LLWU interrupt. In the LLWU interrupt service routine (ISR), the user can poll the
LLWU module wake-up flags to determine the source of the wake-up.

When entering VLLS, each I/O pin 1s latched as configured before executing VLLS.
Because all digital logic in the MCU is powered off, all port and peripheral data is lost
during VLLS. This information must be restored before PMC_REGSC[ACKISO] is set.

An asserted RESET pin will cause an exit from any VLLS mode, returning the device to
normal RUN mode. When exiting VLLS via the RESET pin, RCM_SRS[PIN] and
RCM_SRS[WAKEUP] are set.

14.4.6 Debug in low power modes

When the MCU is secure, the device disables/limits debugger operation. When the MCU
is unsecure, the ARM debugger can assert two power-up request signals:

e System power up, via SYSPWR in the Debug Port Control/Stat register
* Debug power up, via CDBGPWRUPREQ in the Debug Port Control/Stat register

When asserted while in RUN, WAIT, VLPR, or VLPW the mode controller drives a
corresponding acknowledge for each signal, that is, both CDBGPWRUPACK and
CSYSPWRUPACK. When both requests are asserted, the mode controller handles
attempts to enter STOP and VLPS by entering an emulated stop state. In this emulated
stop state:

e the regulator is in run regulation,

* the MCG-generated clock source is enabled,

* all system clocks, except the core clock, are disabled,
* the debug module has access to core registers, and

* access to the on-chip peripherals is blocked.

No debug is available while the MCU is in LLS or VLLS modes. LLS is a state-retention
mode and all debug operation can continue after waking from LLS, even in cases where
system wakeup is due to a system reset event.

Entering into a VLLS mode causes all of the debug controls and settings to be powered
off. To give time to the debugger to sync with the MCU, the MDM AP Control Register
includes a Very-Low-Leakage Debug Request (VLLDBGREQ) bit that is set to configure
the Reset Controller logic to hold the system in reset after the next recovery from a VLLS
mode. This bit allows the debugger time to reinitialize the debug module before the
debug session continues.
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The MDM AP Control Register also includes a Very Low Leakage Debug Acknowledge
(VLLDBGACK) bit that is set to release the ARM core being held in reset following a
VLLS recovery. The debugger reinitializes all debug IP, and then asserts the
VLLDBGACK control bit to allow the RCM to release the ARM core from reset and

allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger (or can be left set as is) or clears
automatically due to the reset generated as part of the next VLLS recovery.
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Chapter 15
Power Management Controller (PMC)

15.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The power management controller (PMC) contains the internal voltage regulator, power
on reset (POR), and low voltage detect system (LVD) for the VDD domain.

See AN4503: Power Management for Kinetis MCUs for further details on using the
PMC.

15.2 Features
A list of included PMC features can be found here.

* Internal voltage regulator

» Active POR providing brown-out detect

* Low-voltage detect (LVD) on VDD supporting two low-voltage trip points with four
warning levels per trip point

15.3 Low-voltage detect (LVD) system

This device includes a system to guard against low-voltage conditions on the VDD
supply. When the VDD supply falls below a specific trip point, the LVD circuit puts the
device into a reset state, preventing the device from attempting to operate below its
operating voltage range.
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Low-voltage detect (LVD) system
The system is comprised of a power-on reset (POR) circuit and a LVD circuit with a

user-selectable trip voltage: high (Viypn) or low (Vi ypr.). The trip voltage is selected by
LVDSCI1[LVDV]. The LVD is disabled upon entering VLPx, LLS, and VLLSx modes.

Two flags are available to indicate the status of the low-voltage detect system:

* The Low Voltage Detect Flag in the Low Voltage Status and Control 1 Register
(LVDSCI1[LVDF]) operates in a level sensitive manner. LVDSCI1[LVDF] is set
when the supply voltage falls below the selected trip point (VLVD).
LVDSCI[LVDF] is cleared by writing 1 to LVDSCI[LVDACK], but only if the
internal supply has returned above the trip point; otherwise, LVDSCI1[LVDF]
remains set.

* The Low Voltage Warning Flag (LVWF) in the Low Voltage Status and Control 2
Register (LVDSC2[LVWF]) operates in a level sensitive manner. LVDSC2[LVWF]
is set when the supply voltage falls below the selected monitor trip point (VLVW).
LVDSC2[LVWF] is cleared by writing one to LVDSC2[LVWACK], but only if the
internal supply has returned above the trip point; otherwise, LVDSC2[LVWF]
remains set.

15.3.1 LVD reset operation

By setting LVDSCI[LVDRE], the LVD generates a reset upon detection of a low-voltage
condition. The low-voltage detection threshold is determined by LVDSCI1[LVDV]. After
an LVD reset occurs, the LVD system holds the MCU in reset until the supply voltage
rises above this threshold. The LVD field in the SRS register of the RCM module
(RCM_SRS[LVD])) is set following an LVD or power-on reset.

15.3.2 LVD interrupt operation

By configuring the LVD circuit for interrupt operation (LVDSCI1[LVDIE] set and
LVDSCI[LVDRE] clear), LVDSCI1[LVDF] is set and an LVD interrupt request occurs
upon detection of a low voltage condition. LVDSC1[LVDF] is cleared by writing 1 to
LVDSCI[LVDACK].

15.3.3 Low-voltage warning (LVW) interrupt operation

The LVD system that monitors the VDD supply contains a Low-Voltage Warning Flag
(LVWEF) in the Low Voltage Detect Status and Control 2 Register to indicate that the
supply voltage is approaching, but is above, the LVD voltage. The LVW also has an
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interrupt, which is enabled by setting LVDSC2[LVWIE]. If enabled, an LVW interrupt
request occurs when LVDSC2[LVWF] is set. LVDSC2[LVWF] is cleared by writing 1 to
LVDSC2[LVWACK].

LVDSC2[LVWYV] selects one of the four trip voltages:

* Highest: Vi ywa4
e Two mid-levels: Vi yws3 and Vi yw»
* Lowest: Viywi

15.4 1/O retention
When in LLS mode, the I/O pins are held in their input or output state.

Upon wakeup, the PMC is re-enabled, goes through a power up sequence to full
regulation, and releases the logic from state retention mode. The I/O are released
immediately after a wake-up or reset event. In the case of LLS exit via a RESET pin, the
I/O default to their reset state.

When in VLLS modes, the 1/O states are held on a wake-up event (with the exception of
wake-up by reset event) until the wake-up has been acknowledged via a write to
REGSCJACKISO]. In the case of VLLS exit via a RESET pin, the I/O are released and
default to their reset state. In this case, no write to REGSC[ACKISO] is needed.

15.5 Memory map and register descriptions
Details about the PMC registers can be found here.

NOTE
Different portions of PMC registers are reset only by particular
reset types. Each register's description provides details. For
more information about the types of reset on this chip, refer to
the Reset section details.

The PMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.
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PMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Low Voltage Detect Status And Control 1 register
4007_D000 (PMC_LVDSC1) 8 R/W 10h 15.5.1/370
Low Voltage Detect Status And Control 2 register
4007_D001 (PMC_LVDSC2) 8 R/W 00h 15.5.2/371
4007_D002 |Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 15.5.3/372

15.5.1 Low Voltage Detect Status And Control 1 register
(PMC_LVDSCH1)

This register contains status and control bits to support the low voltage detect function.
This register should be written during the reset initialization program to set the desired

controls even if the desired settings are the same as the reset settings.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSCI1 settings. To protect systems that must have LVD always
on, configure the Power Mode Protection (PMPROT) register of the SMC module
(SMC_PMPROT) to disallow any very low power or low leakage modes from being

enabled.
See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVDYV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
section details.

Address: 4007_DO000h base + 0h offset = 4007_D000h

Bit 7 6 5 4 | 3 2 1

Read LVDF 0
LVDIE LVDRE LVDV

Write LVDACK
Reset 0 0 0 1 0 0 0 0
PMC_LVDSC1 field descriptions
Field Description
7 Low-Voltage Detect Flag
LVDF
This read-only status field indicates a low-voltage detect event.

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description

0 Low-voltage event not detected
1 Low-voltage event detected

6 Low-Voltage Detect Acknowledge
LVDACK
This write-only field is used to acknowledge low voltage detection errors. Write 1 to clear LVDF. Reads
always return 0.

5 Low-Voltage Detect Interrupt Enable
LVDIE
Enables hardware interrupt requests for LVDF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVDF = 1

4 Low-Voltage Detect Reset Enable
LVDRE
This write-once bit enables LVDF events to generate a hardware reset. Additional writes are ignored.

0 LVDF does not generate hardware resets
1 Force an MCU reset when LVDF =1

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
LVDV Low-Voltage Detect Voltage Select

Selects the LVD trip point voltage (V Lvp ).

00 Low trip point selected (V Lyp =V LvpL )
01 High trip point selected (V .vp =V LvDH )
10 Reserved
11 Reserved

15.5.2 Low Voltage Detect Status And Control 2 register
(PMC_LVDSC2)

This register contains status and control bits to support the low voltage warning function.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSC?2 settings.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVW trip voltages depend on LVWYV and LVDV.

NOTE
LVWYV is reset solely on a POR Only event. The other fields of
the register are reset on Chip Reset Not VLLS. For more
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information about these reset types, refer to the Reset section
details.

Address: 4007_DO000h base + 1h offset = 4007_D001h

Bit 7 6 5 4 | 3 2 1 0
Read LVWF 0
LVWIE LVWV
Write LVWACK
Reset 0 0 0 0 0 0 0 0
PMC_LVDSC2 field descriptions
Field Description
7 Low-Voltage Warning Flag
LVWF
This read-only status field indicates a low-voltage warning event. LVWF is set when Vg, transitions
below the trip point, or after reset and Vg, is already below Viyyw. LVWF may be 1 after power-on reset,
therefore, to use LVW interrupt function, before enabling LVWIE, LVWF must be cleared by writing
LVWACK first.
0 Low-voltage warning event not detected
1 Low-voltage warning event detected
6 Low-Voltage Warning Acknowledge
LVWACK
This write-only field is used to acknowledge low voltage warning errors. Write 1 to clear LVWF. Reads
always return 0.
5 Low-Voltage Warning Interrupt Enable
LVWIE
Enables hardware interrupt requests for LVWF.
0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVWF = 1
4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
LvVWv Low-Voltage Warning Voltage Select

Selects the LVW trip point voltage (V_yw). The actual voltage for the warning depends on LVDSC1[LVDV].

00 Low trip point selected (Vi yw = Vivwi1)
01 Mid 1 trip point selected (VL yw = ViLywe)
10 Mid 2 trip point selected (VL yw = Vivws)
11 High trip point selected (Vo yw = Vivwa)

15.5.3 Regulator Status And Control register (PMC_REGSC)

The PMC contains an internal voltage regulator. The voltage regulator design uses a
bandgap reference that is also available through a buffer as input to certain internal
peripherals, such as the CMP and ADC. The internal regulator provides a status bit
(REGONS) indicating the regulator is in run regulation.
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NOTE
This register is reset on Chip Reset Not VLLS and by reset
types that trigger Chip Reset not VLLS. See the Reset section
details for more information.

Address: 4007_DO000h base + 2h offset = 4007_D002h

Bit 7 6 5 4 3 2 1 0
Read 0 0 ACKISO REGONS
Reserved BGEN Reserved BGBE
Write wic
Reset 0 0 0 0 0 0 0
PMC_REGSC field descriptions
Field Description
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
4 Bandgap Enable In VLPx Operation
BGEN

BGEN controls whether the bandgap is enabled in lower power modes of operation (VLPx, LLS, and
VLLSx). When on-chip peripherals require the bandgap voltage reference in low power modes of
operation, set BGEN to continue to enable the bandgap operation.

NOTE: When the bandgap voltage reference is not needed in low power modes, clear BGEN to avoid
excess power consumption.

0 Bandgap voltage reference is disabled in VLPx , LLS , and VLLSx modes.
1 Bandgap voltage reference is enabled in VLPx , LLS , and VLLSx modes.

3 Acknowledge Isolation

ACKISO
Reading this field indicates whether certain peripherals and the 1/0 pads are in a latched state as a result

of having been in a VLLS mode. Writing 1 to this field when it is set releases the 1/0O pads and certain
peripherals to their normal run mode state.

NOTE: After recovering from a VLLS mode, user should restore chip configuration before clearing
ACKISO. In particular, pin configuration for enabled LLWU wakeup pins should be restored to
avoid any LLWU flag from being falsely set when ACKISO is cleared.

0 Peripherals and I/O pads are in normal run state.
1 Certain peripherals and I/O pads are in an isolated and latched state.

2 Regulator In Run Regulation Status
REGONS
This read-only field provides the current status of the internal voltage regulator.

0 Regulator is in stop regulation or in transition to/from it
1 Regulator is in run regulation

1 This field is reserved.
Reserved

NOTE: This reserved bit must remain cleared (set to 0).

Table continues on the next page...
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PMC_REGSC field descriptions (continued)

Field Description

0 Bandgap Buffer Enable
BGBE
Enables the bandgap buffer.

0 Bandgap buffer not enabled
1 Bandgap buffer enabled
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Low-Leakage Wakeup Unit (LLWU)

16.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The LLWU module allows the user to select up to 16 external pins and up to 8 internal
modules as interrupt wake-up sources from low-leakage power modes.

The input sources are described in the device's chip configuration details. Each of the
available wake-up sources can be individually enabled.

The RESET pin is an additional source for triggering an exit from low-leakage power
modes, and causes the MCU to exit both LS and VLLS through a reset flow.

The LLWU_RST[LLRSTE] bit must be set to allow an exit from low-leakage modes via
the RESET pin. On a device where the RESET pin is shared with other functions, the
explicit port mux control register must be set for the RESET pin before the RESET pin
can be used as a low-leakage reset source.

The LLWU module also includes optional digital pin filters: two for the external wakeup
pins and one for the RESET pin.

16.1.1 Features
The LLWU module features include:

* Support for up to 16 external input pins and up to 8 internal modules with individual
enable bits for MCU interrupt from low leakage modes

* Input sources may be external pins or from internal peripherals capable of running in
LLS or VLLS. See the chip configuration information for wakeup input sources for
this device.
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» External pin wake-up inputs, each of which is programmable as falling-edge, rising-
edge, or any change
* Wake-up inputs that are activated after MCU enters a low-leakage power mode
 Optional digital filters provided to qualify an external pin detect and RESET pin
detect. Note that when the LPO clock is disabled, the filters are disabled and
bypassed.

16.1.2 Modes of operation

The LLWU module becomes functional on entry into a low-leakage power mode. After
recovery from LLS, the LLWU is immediately disabled. After recovery from VLLS, the
LLWU continues to detect wake-up events until the user has acknowledged the wake-up
via a write to PMC_REGSC[ACKISO].

16.1.2.1 LLS mode

Wake-up events due to external pin inputs (LLWU_Px) and internal module interrupt
inputs (LLWU_MXIF) result in an interrupt flow when exiting LLS. A reset event due to
RESET pin assertion results in a reset flow when exiting LLS.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit Stop mode on an LLS recovery.

16.1.2.2 VLLS modes

All wakeup and reset events result in VLLS exit via a reset flow.

16.1.2.3 Non-low leakage modes

The LLWU is not active in all non-low leakage modes where detection and control logic
are in a static state. The LLWU registers are accessible in non-low leakage modes and are
available for configuring and reading status when bus transactions are possible.
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When the RESET pin filter or wake-up pin filters are enabled, filter operation begins
immediately. If a low leakage mode is entered within five LPO clock cycles of an active
edge, the edge event will be detected by the LLWU. For RESET pin filtering, this means
that there is no restart to the minimum LPO cycle duration as the filtering transitions
from a non-low leakage filter, which is implemented in the RCM, to the LLWU filter.

16.1.2.4 Debug mode

When the chip is in Debug mode and then enters LLS or a VLLSx mode, no debug logic
works in the fully-functional low-leakage mode. Upon an exit from the LLS or VLLSx
mode, the LLWU becomes inactive.

16.1.3 Block diagram
The following figure is the block diagram for the LLWU module.
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Figure 16-1. LLWU block diagram

16.2 LLWU signal descriptions

The signal properties of LLWU are shown in the table found here.

The external wakeup input pins can be enabled to detect either rising-edge, falling-edge,

or on any change.

Table 16-1. LLWU signal descriptions

Signal

Description

/0

LLWU_Pn

Wakeup inputs (n = 0-15)
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16.3 Memory map/register definition
The LLWU includes the following registers:

* Wake-up source enable registers
* Enable external pin input sources

* Enable internal peripheral interrupt sources

* Wake-up flag registers

* Indication of wakeup source that caused exit from a low-leakage power mode

includes external pin or internal module interrupt

* Wake-up pin filter enable registers
e RESET pin filter enable register

NOTE

The LLWU registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

CITor.

All LLWU registers are reset by Chip Reset not VLLS and by
reset types that trigger Chip Reset not VLLS. Each register's

displayed reset value represents this subset of reset types.

LLWU registers are unaffected by reset types that do not trigger
Chip Reset not VLLS. For more information about the types of

reset on this chip, refer to the Introduction details.

LLWU memory map

232?Li§ Register name (ivryilgittg) Access | Reset value S(::;t;c;n/
(hex)
4007_C000 |LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 16.3.1/380
4007_CO001 |LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 16.3.2/381
4007_C002 |LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 16.3.3/382
4007_CO003 |LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 16.3.4/383
4007_C004 |LLWU Module Enable register (LLWU_ME) 8 R/W 00h 16.3.5/384
4007_CO005 |LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 16.3.6/386
4007_C006 |LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 16.3.7/387
4007_CO007 |LLWU Flag 3 register (LLWU_F3) 8 R 00h 16.3.8/389
4007_CO008 |LLWU Pin Filter 1 register (LLWU_FILT1) 8 R/W 00h 16.3.9/391
4007_CO009 |LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 16.3.10/392
4007_CO00A |LLWU Reset Enable register (LLWU_RST) 8 R/W 02h 16.3.11/393
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16.3.1 LLWU Pin Enable 1 register (LLWU_PE1)

LLWU_PEI contains the field to enable and select the edge detect type for the external

wakeup input pins LLWU_P3-LLWU_PO.
NOTE

This register is reset on Chip Reset not VLLS and by reset

types that trigger Chip Reset not VLLS. It is unaffected by reset

types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 0Oh offset = 4007_C000h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPES3 WUPE2 WUPE1 WUPEO
Reset 0 0 0 0 0 0 0 0

LLWU_PEH1 field descriptions

Field Description

7-6 Wakeup Pin Enable For LLWU_P3
WUPE3
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4 Wakeup Pin Enable For LLWU_P2
WUPE2
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2 Wakeup Pin Enable For LLWU_P1
WUPEH1
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPEO Wakeup Pin Enable For LLWU_PO
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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Chapter 16 Low-Leakage Wakeup Unit (LLWU)
LLWU_PEH1 field descriptions (continued)

Field

Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.2 LLWU Pin Enable 2 register (LLWU_PEZ2)

LLWU_PE2 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P7-LLWU_P4.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 1h offset = 4007_C001h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE7 WUPE6 WUPES5 WUPE4
Reset 0 0 0 0 0 0 0 0
LLWU_PE2 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P7
WUPE7
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
5-4 Wakeup Pin Enable For LLWU_P6
WUPE6
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
3-2 Wakeup Pin Enable For LLWU_P5
WUPES5
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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Memory map/register definition

LLWU_PEZ2 field descriptions (continued)

Field Description
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
WUPE4 Wakeup Pin Enable For LLWU_P4

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.3 LLWU Pin Enable 3 register (LLWU_PE3)

LLWU_PES3 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P11-LLWU_PS.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 2h offset = 4007_C002h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE11 WUPE10 WUPE9 WUPES8
Reset 0 0 0 0 0 0 0 0
LLWU_PES field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P11
WUPE11
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
5-4 Wakeup Pin Enable For LLWU_P10
WUPE10
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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Chapter 16 Low-Leakage Wakeup Unit (LLWU)

LLWU_PES field descriptions (continued)

Field

Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2
WUPE9

Wakeup Pin Enable For LLWU_P9
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPES

Wakeup Pin Enable For LLWU_P8
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.4 LLWU Pin Enable 4 register (LLWU_PE4)

LLWU_PE4 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P15-LLWU_P12.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 3h offset = 4007_C003h

Bit 7 6 5 4 3 2 1 0
fead WUPE15 WUPE14 WUPE13 WUPE12
Reset 0 0 0 0 0 0 0 0

LLWU_PE4 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P15
WUPE15

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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LLWU_PE4 field descriptions (continued)

Field

Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4
WUPE14

Wakeup Pin Enable For LLWU_P14
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2
WUPE13

Wakeup Pin Enable For LLWU_P13
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPE12

Wakeup Pin Enable For LLWU_P12
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

16.3.5 LLWU Module Enable register (LLWU_ME)

LLWU_ME contains the bits to enable the internal module flag as a wakeup input source
for inputs MWUF7-MWUFO.

NOTE

This register is reset on Chip Reset not VLLS and by reset

types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the

Introduction details for more information.

Address: 4007_C000h base + 4h offset = 4007_C004h

Bit
Read
Write

Reset

7

6

5

WUME?7

WUMES6

WUMES

WUME4

WUME3

WUME2

WUME1

WUMEO
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4
Chapter 16 Low-Leakage Wakeup Unit (LLWU)

LLWU_ME field descriptions

Field Description

7 Wakeup Module Enable For Module 7
WUME?7

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

6 Wakeup Module Enable For Module 6
WUMES6

Enables an inter