K22F Sub-Family Reference Manual

Supports: MK22FN256VDC12, MK22FN256VLL12,
MK22FN256VMP12, MK22FN256VLH12

Document Number: K22P121M120SF8RM
Rev. 3, 7/2014

<&,

Z“ freescale



K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.



Contents
Section number Title Page
Chapter 1
About This Document
Lol OVEIVIBW .ttt ettt ettt ettt ettt ettt e b bt e a e a e bt bt eh bt sa e b s a e b e 47
1.1.1 PUIPOSE. ..ttt et et e ht e et e s a e bt e s it e e s ab e e bt e s bt e bt e et e st e e bt e et e e naeeeates 47
1.1.2 F N 16§13 1 Lol OSSR PSSP 47
1.2 COMVENLIONS. ...ttt sttt st b e et e a ettt e et s bt e b sa e b bt e a e bt e st e bt eat et e st e s et e sae st e b e 47
1.2.1 INUMDEIINE SYSIEIMIS. ...eeutteeitieiiieiteeite ettt et te st et et e st e et e st e e sab e e bt e s bt e sateeabeeeabeenbee e baeenbeenbbeenseesaseanseesnseens 47
1.2.2 TYPOZIAPNIC MOALION. ..c..eetitieiiieiie et ettt ettt et h e bt et e et e s bt e bt eate e st e saeenbeeneesmeenbeeneesneesaeeneeenes 48
1.23 SPECIAL LETINIS. ...ttt ettt et ettt ettt ae et sa e e 48
Chapter 2
Introduction
2.1 OVEIVIBW..uiiiiiiiect ettt sttt ettt ekttt e a et a bt et e h e h e bbb s ae e 49
2.2 Module FUNCHONAL CAlBZOTIES. ....eeetieririeiieeiieiiie et ette st e it e et e st e e bt e sabee sttt e beeeabeesbteebteeabeesabeebeesabeessbesnbeesabeenseenases 49
2.2.1 ARM® CorteX®-M4 COre MOGUILS. ......eoviiiieiiiie ettt ettt ettt ettt et et seeeneeeseesaeeneeenes 50
222 SYSTEIM MOAUIES. ...ttt ettt ettt st b ettt be et st et satesbe e aesbtesbeenaesaeen 51
223 Memories and MemoOry INEETTACES. ......uiiuiiiiiiiiieiieec ettt ettt e e 52
2.2.4 CLOCKS ettt ettt ekttt ek ettt e bt e h e bt e a e e bt e a e e bt e a b e eh e e a b e bt en b e bt e bt ene et e ene e bt eneenaeeneas 52
2.2.5 Security and INte@rity MOAUIES........cceiruieiiiiiiiinitee ettt ettt ettt 52
2.2.6 ANALOZ MOAUIES.....ceitieiiiieeiie ettt ettt ettt e b e e e bt s bt e st e e sabeesabeesab e e sbeebaeebeesabeeenbeenates 53
2.2.7 TIMET MOAUIES. ...ttt ettt b ettt et e s bt e bt e abe et e s heesaeenteemteeseeeseenbeeneeeneeeneanseans 53
2.2.8 CommUNICAtION INEEITACES. ....c..iiiiiiiiiiiiieiieiieicet ettt st 54
2.2.9 Human-machine Interfaces............ccoooiiiiiiiiiiiiiiiiiiii e 55
2.3 Orderable PArt MUIMIDELS. ......c..oouieiiiteeieetteie ettt ettt te bttt et ett et e e st e et es e e ebeeneesaeentesaeentesseenbeeseenseeseenseeseenseeneenseeneeneeenee 55
Chapter 3

Chip Configuration

3.1 ) FT A (e Te 1L 1o (o) o FOR OO RRRRRRRRRRRRN 57

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 3




Section number Title Page
3.2 C0re MOUIES. .....ouiiiiiiiciiiic e e et 57
321 ARM CorteX-M4 Core CONFIGUIATION. ....c..teutetieieetieitetieteetierteeee e ete st et et eeesbeentesbeebeeseeneeeseensesseesaeeneas 57
322 Nested Vectored Interrupt Controller (NVIC) Configuration............ceceeverierernieneenieneenienieieneeneeeeeneeenns 59
323 Asynchronous Wake-up Interrupt Controller (AWIC) Configuration...........c.eeveevieerieenieinieeniieenieeneeeene 65
324 FPU CONTIGUIAION. ...ttt ettt ettt ettt et e e s a et e es e e bt e bt emeesbe e beemsesbeanbeeneenseenseensenseans 66
325 JTAG Controller CONFIGUIALION. ......ccuiiiiriiiiiiiieiterteete ettt ettt ettt ettt ettt e bt eae e bt ebeeabesbeenbeens 66
3.3 SYSLEIM MOAUIES. . ..eeiiieiieeiie ettt ettt ettt e b e et e st esat e ettt e bt e eabeesht e e btesabeeeabeessteebbeeabeesabeeeab e e bbeenbeeeabeesabeenee s 67
331 N DY B O0) 1V Py b 16 o) 1 DO OSSP S U SPRRO 67
332 System Mode Controller (SMC) Configuration.............ccoereeruerierienienienieneeieseeee et sie et eiesieens 68
333 PMC CONTIGUIATION. ....tteiiteeiiie ittt ettt ettt ettt e et esbt e et esab e e s bt e sabeesabeebeesabeesabesnbeesabeenaeesases 68
334 Low-Leakage Wake-up Unit (LLWU) Configuration...........ccccueeuerenereninieieienieienienieseneeeeeeeeneneenes 69
335 IMOCM CONFIGUIATION. ¢ttt ettt ettt ettt st sb e bt et e et e bt e eb e e bt e b e esbeeatesbtesbeenbeenaeemeeeaee 71
3.3.6 Crossbar-Light SWitch ConfigUuration............c.eiiuieiiiiiiiiiieieeeee ettt et 71
3.3.7 Peripheral Bridge ConfigUuration.............cooieiiiiiiriieiteiecteete ettt ettt ettt ettt et e et e sae e e e saeeneeenes 73
338 DMA request multipleXer CONTIGUIAtION. .....c...oouiriiriiiiiiiieniieieeitese ettt 74
3.3.9 DMA Controller CONTIGUIATION. ......eeititiiieiiit ettt ettt ettt ettt ettt et et e st e e st e e sabeesabeesabeesabeesabeesares 77
3.3.10  External Watchdog Monitor (EWM) COnfiguration...........ccceeieriererienieiesienieeie sttt e siens 78
33,11 Watchdog COonfIUIALION. ......ccuivtiriiiiiriietiiite ettt ettt ettt et sttt s bt et s bt e b e et e sbe e beeenenieens 80
3.4 ClOCK MOAUIES.......oiiiiiiiiiiiiiii et s a e st 81
34.1 MO G CONTIGUIALION. ...ttt ettt ettt ettt ea e st e et e eateea e e bt eateeaeesseeneeemeeeseenbeenseeneenseenseenseaneenseans 81
342 OSC CONTIGUIALION. ...c..eiiiiiiiieitete ettt sttt ettt et eb e b et e et e st e et s e sbe e bt e bt eatesbtesbeenbeenaeeneeeaee 82
343 RTC OSC CONTIGUIALION. .....ttiiieriteeiiteeieeeite ettt ettt et ettt et e bt e st e e st e sabeesbbesabeebbesabeebeesabeensaesasean 83

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.



Section number Title Page

3.5  Memories and MEMOTY INEETEACES. ..c...eevuutiiierititieeie ettt ettt ettt et ettt esate st e e stteeabe e btesabeenbeesabeenstesabeenssesnseenne 84
351 Flash Memory COnfigUIALION. .........co.eiiuieiirieite et eteeee ettt sttt e st esbeeste s bt ebe st e sbeenaeeseebeeneesseenbeeneenseans 84
352 Flash Memory Controller CONfIGUIAtION. .......cocuirtiriiriiriertee ettt ettt saeeteeas 87
353 SRAM CONTIGUIALION. ¢...tteiteeiiieiiteeeiie ettt ettt ettt et e et e s bt e bt e sab e e sabe e bt e ebeesabeesbbeenbeesabeennbesabeesnseenaeean 87
354 System Register File CONfIgUIAtION. ........ceiiriririiiriiieiietete ettt 89
355 VBAT Register File CONfiguration...........c.cecuerieiiiriiniiiienicieeiesitee ettt ettt et et sie e 90
3.5.6 EZPOTt CONTIUIATION. ..cc.utiiiiieiieeiie ettt et e s bbbt e sat e ettt e bt e eabeesbeesabeesabeesabeesnbeesareenns 90

B0 SECUIILY .ttt ettt ettt st b e bbbt s bbbt e bt eb e bt e ae e bt e et ea e ea s ea s e st et et ettt et et na et et naenen 91
3.6.1 CRC CONTIGUIALION. ¢...ceuteeiieiitetteie ettt ettt ettt ettt s bt e bt e bt e et sbte bt e bt eatesbeenbeenteeatesbeenaeeneeeaee 92
3.6.2 RING CONTIGUIAION. ..c..tteitteitie ittt ettt ettt et e b e et esbt e e bt e sab e e s bt e eabeesabeesbeesabeesabeenbeesabeenaeesnses 92

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 5




Section number Title Page
T A N 1 -1 0T~ SO OO OO OO OU RO SURTOPRORUPOP 93
3.7.1 16-bit SAR ADC CONFIGUIALION. ...c..eitiriiiiiiiieiieteterie ettt ettt ettt ettt st ea et sae st b et ebe e ennenaens 93
3.7.2 CIMP CONTIGUIALION. ...ttt ettt et b et b et ea e b et e bttt e st e sb e et ebtesbe et e saeenaeenee 101
3.7.3 12-bit DAC CONFIGUIALION. ...ccutiiiiiiiieiiie ettt ettt et ettt e et e sabeesabeesabeesate e baeesaeesabaeenseesases 103
374 VREF CONTIZUIATION. ...ttt ettt ettt ettt st e bt et ae e bt e e s et e bt enbeeseenbeeneeeneesbeebeeneesneenaeenes 104
B8 THIMIEIS ittt et e e b h e h b bbb h e et e a ettt ettt ettt sa s 105
3.8.1 PDB CONTIUIATION. ...cutiiiiieiiiie ittt ettt ettt ettt ettt e bt e e bt e sabb e e bt e sabeeeabeesabaeenbeesabeesnbeenares 105
3.8.2 FleXTimer CONTIGUIAION. ......cccuiiiiiiieitieie ettt ettt ettt e et e s bt e bt e bt e et saeesbeenaeenteeneeeneesneenseans 108
383 PIT CONFIGUIALION. ...c.etiniiiiiiiiiiiiiete ettt ettt et et b et be et sbte bt et e e e sbee bt enaeeaee 114
3.8.4 Low-power timer CONFIGUIALION. .........eitiiiiiiiiiiiie ettt et ettt ettt e st e st e e sateesabeebeesabeesareeas 115
3.85 RTC CONTIGUIATION. 1.ttt ettt ettt a et e e s e e st e et e et e enbeeseeebeesbeanbeeneesneesseeseeneeenes 117
3.9  CommuniCation INEEITACES. ......ccuiiiiiiiiiiiiiiiit ettt ettt 118
3.9.1 Universal Serial Bus (USB) FS SUDSYStEML.........ooiiiiiiiiiiiiiiiecic e 118
392 SPI CONFIGUIALION. ...ttt ettt st ettt ettt sa b s bbbt ebe st e e e e ene e 123
393 T2C CONFIGUIALION. ...ttt ettt s bt e b e et sbt e s bt et et e sbeesbe e bt eatesbeenaeenaeeaee 127
394 UART CONTIGUIALION. 1.ttt ettt ettt ettt ettt e bt e st e e st e esab e e sabeesabeebbeenbteeabaeenbeesabeeenbeesases 128
395 LPUART CONTIGUIALION. .....eiuiiiiiiiiiiitiitinicrteetetest ettt ettt s sttt ettt ettt ebe b sbe e 130
3.9.6 I2S CONTIGUIATION. ¢ttt ettt ettt ettt b e et b et b et ebe et ebee bt sseenaeeaeen 131
3.10  Human-machine INTEIfACES. ........c.cciiiiiiiiiiiiiiiiiiiiciccc e 134
3.10.1 (€333 (O I ele) 1V Fq b1 (o) s WO OO UPRUPRSRR 134
Chapter 4
Memory Map
L B 113 (o L1 s (o) WO OO OSSR PSR URRURRSRRPRTRR 137
4.2 SYSLEIN MEIOTY IMAP...ccuteteeuterteenterttententteteatteteeueesteestenteestesseestesaeestesbeesseabeeateebeenteebtenteebteteeseesbeemtesbeentesbeensesbeennenseens 137
4.2.1 AlIaSed DIt-DANA TEZIOMS. ... .eeiuiiiiiiiiiieiteete ettt sttt e st e st e bt e e bt e e bbesbtesabaeebeesabeeenbeenases 138
422 Flash Access Control INtrOAUCTION. ......c..eeuieiiieiiiieie ettt ettt ettt ettt et e bt eate s bt e ae st e beeneeseeens 140
4.3 Flash MEMOTY IMAD....c.eiiiiieiiteieitet ettt ettt ettt et b et sbt et e a e e s bt et e sb e et e sbtenbeeatesbeemtesbeenbeebsenbeeanenbeens 140
4.3.1 Alternate Non-Volatile IRC User Trim DesCripPtion.......ccc.eervierieirieiiienieeriieeiee sttt 141
4.4 SRAM MEMOTY AP ..teeutteriteeitertteeiteeette et e et e sttt eteeseteesateebeesabeessteabeeeabeeeuteebaeeabeesateenbbeeabeesabeenseeeabeeeaseenbeeenbeesaneenns 141

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.



Section number Title Page
4.5  Peripheral bridge (AIPS-Lit€) MEMOTY MAP.....ccutertierriieriierteerieerte ettt et esteesbeesttesateesatessseesbtesseesbeesbeesseesbeesasessseene 141
45.1 Read-after-write sequence and required serialization of MEMOry OPErations............cceeeerueeeereeereereenuennens 142
452 Peripheral Bridge O (AIPS-Lite 0) MemoOry Map.......cccccoeeriiiiiiienieniiieeeeeettesitee ettt 142
4.6 Private Peripheral Bus (PPB) MEMOTY MAP......cccutiiiiiiiiiiiiiiieiieeie ettt sttt ettt sttt sbe e st e sbeesabeennee e 146
Chapter 5
Clock Distribution
S.1 0 INErOQUCTION. ...ttt b bbb 147
5.2 Programming MOGEL.......c..ooouiiuiiiiiiieii oottt ettt ettt e st et e et e e et e bt et e bt e a e e bt e st e bt e st e bt ent et e entenbeenteeaeenee 147
5.3  High-Level device clocKing dIagraml........c.cooiiieriiiiiiineiienieet ettt sttt ettt ettt ettt sbe et st e e 147
54 ClOCK defINITIONS. ...ccuiiuiiiiiiiiiiiiiiiicii e s s s s 148
54.1 Device ClOCK SUMIMATY ...c..couiitiiiiiieiineitieteee ettt sttt sttt st bbb et be e benbenaenn 149
5.5  Internal ClOCKING FEQUITEIMEIIES. ......eeuviiuiiriiiiieieeiteetteet ettt ettt ettt et sb et e bt eat e e bt e s bt et e st et e sba e s bt ebeesaesbbesbeenbeeneeeaee 152
5.5.1 Clock divider values after TESEL.........ccucouiiiiiiiiiiiiiiiiicc e 153
552 VLPR MOAE CLOCKING. ..ottt ettt et e bt est e st e b e e st e saeeneeeneenaeenes 153
5.0 CLOCK GALINZ...c.veentieiiiitieit ettt ettt ettt et ettt et e h ettt sh et e st s bt et eht e s bt et she e e bt emt e satesbeent e sb e e et emtesbe e bt eneesbeenaeeaee 154
ST MOUIE CIOCKS. ....cuiiiiiiiiiiiiicc e e 154
5.7.1 PMC 1-KHZ LPO CLOCK. ...ttt sttt sttt sttt st 156
572 TRC A8MHZ CLOCK.....cetiieiirieieitrtetet ettt sttt sttt sttt 156
5.73 WDOG CLOCKING. ...ttt sttt ettt sttt ne e 157
5.7.4 DEDUZ LrACE CLOCK ...ttt ettt ettt ettt b et e bt e s e et e e s b e eae et e eseenbesseenneenean 157
5.7.5 PORT digital filter CLOCKING. ....c..eeuiiiiiiiiiiiteetercee ettt ettt ettt st 158
5.7.6 LPTMR CLOCKINE. ...ttt st st sttt 158
5.7.7 RTC_CLKOUT and CLKOUT32K CIOCKING. ...c.ccvtrteutrtirieiirieieiinieiete ettt sttt sttt 159
5.7.8 USB FS OTG Controller CLOCKING. .....cc.verttrieiieitieieiiesitete ettt st st 160
579 UART CIOCKINE. ...ttt sttt st 161
5700 LPUARTO CLOCKING. ....ctiuiiiiietiitiiei ittt bbbttt bbbt st 161
5.7.11 T2S/S AT CIOCKINIE. ...ttt ettt ettt b et s bt et e bbbttt e b e b et e s bt e e eaee 162

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 7




Section number Title Page
Chapter 6
Reset and Boot
6.1 INETOQUCHION. ....eiiiiiiiiciieiii ettt ettt et et a et eae bt b e ea e b e bt sae et b sae et b e 165
0.2 RESCL..uiiiiiii et 166
6.2.1 POWET-0N TE€SEL (POR)......eiiiiieiie et e e et e e e et e e et e e e e e e e eereeeeeateeeeeaneeean 166
6.2.2 SYSTEIIL TESEL SOUICTES. c..eveenteenteeuteritenteenteeuteetteatteteesteestesbtesbeenueeateeaeesaeesbeeeeesteebteebeenteenteesbesbaenbeenbeenbesanenaeen 166
6.2.3 IMCU RESLLS. ...ttt et 170
6.2.4 RESEE PIIN .ttt ettt e a ettt e et a e et e bt e et es e e e bt e bt e bt et e et e eneenae e e enes 171
6.2.5 DIEDUG TESEES. ..ttt ettt ettt ettt ea e bt et e et h et e a e b et e bt e bt et e bt e bt et eb e bt et aee et eaee 172
0.3 BOO ..ottt h et b ettt et 173
6.3.1 B OOt SOUICES. ...ttt ettt ettt e et e s e eb e et e es e eb e e et emeeeh e em bt em e e ebeemteesee bt enteeseenbeeneeeneenseenes 173
6.3.2 B OOt OPTIOMS. ...ttt ettt sttt et st a et s at e bt et be bttt he e bt et ebe et e e e 173
6.3.3 FOPT DOOt OPLIONS. ...ttt ettt ettt et ettt et e bt e et esa bt e s bt e eabeesabeeeabeesbbeenstesabeesabeebeeenseesnseens 174
6.3.4 B OOt SEQUEIICE. ...ttt ettt ettt ettt et e e e e bt e bt et e e et e e bt e bt e bt eaee e bt e bt et e eaeeeae e bt e et eaeenneeeeenes 175
Chapter 7
Power Management
7 B (Vi (0T 1117 510 ) 3 OO 177
7.2 ClOCKING MOAES. ....eeutieiiiitiiietieiteeit ettt sttt ettt b ettt bt bt et eat e eb e e bt e st eb e e bt e bt eabeebtesbe e bt embesbtesbeenaeeatesbeenbeenaeeaee 177
7.2.1 PATTIAL STOP.c.ntteeieeite ettt et s e bt et e st e e bt e e bt e a e e bt e e bt e sab e e bt e eabee st e e naeeeates 177
7.2.2 DIMA WaKEUP. ..ottt ettt ettt et ettt ettt et e et et et e e et e st e e et et e e et e eb e e bt e aeeebeenbeemeeeseebeeneeeneenseenes 178
7.2.3 COMPULE OPETALION. ....veeneieitiriieieeiie ettt ettt ettt ettt sb e et eatesbee bt eat e s aeesbe e et ebeesbeesbeeaeesbeenbeeneesaeenaeeaee 179
7.2.4 PeriPREral DIOZE......c..coiiiiiiiiiie ettt ettt et ettt et sttt eaees 180
7.2.5 (310701 Q€ 121 5 1 -SSP 181
7.3 POWET MOAES DESCIIPLION. ......eeutiiiiiiiiiieiteitesteee sttt sttt ettt sttt eb bbb s bt et et e et ea b e st e et ebeenteebeenaeenee 181
7.4  Entering and eXiting POWET IMOAES. ......cecuetiiuieriieiiieetteette et ee st e ettt e sibe e sttt e sate e sttt esbteessteebbeesseesabaeebeesabeeenseesabeesnseenanes 183
7.5  POWET MOUE trANSIEIONS. ...e..eiutieiiietieteeiieett ettt ettt et e ete st e etesaeebe e s ee bt eaeesbeembeeseenbeesse bt emseebeemteeseenteensenseenseeseenseeneeneeenes 184
7.6 Power modes ShULAOWIN SEQUEINCINE. ...c..eevieutiriiiriietieteeit ettt ettt ettt ettt ettt et e sb e bt et ebtesbe e bt esaeeatesbeenbeenaeeaee 185
7.7 Flash Program ReESTIICHOMNS. . ...ccc.tiiitiiiiiiiie ettt sttt ettt e st e bt e e bt e st e esateeabeesabeesateenbtesabeesabeenaeesanes 186
7.8 Module Operation in LOW POWET IMOGES. .......ccueiiiiiiiiiiiiieieeete ettt sttt st et ese et esee b eneeseeenes 186
K22F Sub-Family Reference Manual , Rev. 3, 7/2014
8 Freescale Semiconductor, Inc.



Section number Title Page
Chapter 8
Security
Bl INIFOQUCTION. c..eiiiiiiiiciicice ettt ettt ettt ettt et a et ebe et beeaeeb e b e saeeae b saeea e 191
8.2 FIASI SECUITLY....eeiiiiiieeite ettt ettt et ettt et e et e st e e e ab e e sab e e st e e bt e e st e e abbeeasteeabeeembeesabeeenbeenneeenabeenseean 191
8.3 Security Interactions with Other MOQUIES.........cc.coiririririiiniiieree ettt 192
8.3.1 Security Interactions With EZPOIT.........cocooiiiiiiiiiiiii et 192
8.3.2 Security Interactions With DEDUGZ.........coouiiiiiiiiiiiiiei ettt e n 192
Chapter 9
Debug
0.1 INErOQUCTION. ...ttt b e b e bbb s ea e e 193
9.1.1 RETEIEIICES. ...ttt ettt et e h ettt et et e et e e b et e en e et e et e ese e bt et e ese e bt eneeeneenneenes 195
0.2 ThE DEDUZ POTt......iiiiiiiiiiiiiee ettt et b et e h e sb et e bt et e et eb e et ea b e st e et e eatesbeestesbeenaeenee 195
9.2.1 JTAG-t0-SWD Change SEQUENCE. .........cecueeriieriieitieeieeeite ettt et ettt e sbtesbeesbtesabeesbeesabeesabeesabeesabeesareenns 196
9.2.2 JTAG-t0-CITAG Change SEQUEIICE. ..........ccuiiiiiiiiiiiiieie ettt s e 196
9.3 Debug Port Pin DESCIIPLIONS. ....c.ueeuteiieiiiteeitesieete ettt ettt ettt ettt sttt sbt ettt e bt s bt e s bt esb e b e eabesbeeabeebeentesbeeaeenee 197
0.4 SySLEIMN TAP CONMMECION. ¢...eeiutieiieitteite ettt ettt et ettt e sb b e et e et e e sabeeshtesabeesabeeabe e bbeeabeebeesabeesbtesabeessbesabeenbaeenseeseean 197
9.4.1 TR COAES... vttt ettt ettt h et bbbttt bbbttt ettt b et b e 197
9.5  JTAG Status and CONIIOL TEZISTETS. ...c..eeuvirutertieiiritenieete ettt ettt ettt ettt sb et sbt e saeeteebeesaeestesbeenaeentesbee bt eseesbeeneeenee 198
9.5.1 MDM-AP CONIOL REGISTET.......veeutieiiiiiiieeiieete ettt ettt st e sttt e st e bt e sabeessbesabeesabeebeesabeessnesnseenas 199
9.5.2 MDM-AP Stattis REZISTET .....cueeuieuiiiiiiiiiienteetese ettt ettt sttt sttt sttt et s et ae e nes 201
0.0 DEDUZ RESELS. ....iutitiiiiieiteeit ettt et ettt ettt b e bt e et e h e bt et e bt e bt bt e bt e bt s bt bttt e bt bt e bt et ebeenbe e eaee 202
0.7 AHB-AP ..ottt 203
0.8 ITIML ettt bbbt b e e b h bt b H et h et bt bbb b st b et bt b e bt b et b et b et 203
0.9 COre TTaCe CONMECIIVILY ...ccuvteutirtietieitenteete ettt ettt et eat e bt e bt ebte bt e bt e bt e s bt eateeb e e bt eaeeebe e bt eatesbeemteebtenbeentesbee bt entesbeenaeenee 204
010 TPIU i ettt a e Rt h ettt ettt 204
O 1T DIWT .ttt b et h et h et bt et s e bt b e e bt e bt e bt b et e b et e st e b et e bt et et e bt e bt bt be et b et 204
9.12  Debug in oW POWET IMOTES. .......ooutiiiiiiiiiiiiieiecie ettt ettt ettt ettt ettt st sbe e et et esbeesae e e eae 205
9.12.1 Debug Module State in Low POWET IMOAES........ccouiiiiiiiiiiiieiiieeiecieesee ettt 205
0.13  DIEDUZ L SECUIILY ....cuvevitiiiitieiieitet ettt ettt ettt ettt et be s ettt b e s bt e be et et e et et e b et e besbeebeebeeueeae et e e ennenaennenee 206

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 9




Section number Title Page
Chapter 10
Signal Multiplexing and Signal Descriptions
LO.1 INEEOQUCTION. c..c.eiiiiiiiciieiicic ettt ettt et ettt e b e et e st eb e bt ea e eb e e b sa e b e b saeene b e 207
10.2  Signal MultipleXing INTEETAtION. ....cccueiruiiiiiieiiieriieetie ettt ettt et et et e bt e sabe e sbbeebeesateessbeenbeesabeenanesases 207
10.2.1 Port control and interrupt MOdUle FEATUIES. ......cc.eeiuieiiieiiiit ettt 208
10.2.2  CLOCK ZALINEZ. ..ttiutiiitieitetieiteeit ettt ettt ettt ettt b bttt e bt s bt et e st e s bt e bt et e sbe e s bt esbesatesbeebeeatenbeen 209
10.2.3 Signal MUIPLEXING CONSLIAINES. ..eeuuiiiuiiiriieeiieitte ettt ettt ettt ettt et e st e e bteeabeesbbeebeesateebtesabeenbaeebeenasean 209
LG T = 1 Lo | AT 209
10.3.1 K22F Signal Multiplexing and Pin ASSIZNMENTS........ccc.criiriiriiriiiieniieieetenieeieeitesieete sttt 209
10.3.2 K22F PINOULS...c.ccuiiiiiiiieteiet ettt ettt seeneas 214
10.4  Module Signal Description TabIES........c.ceouiiieriiiieieiieteeet ettt ettt ettt esaeesae st ebeese e beeseebeeneesbeeneeseeenes 218
10.4.1 COTE MOAUIES. ...ttt st st st e b sa et sbesaa 218
1042 SYSEEIM IMOAUIES. ....eouiiiiiieiieeite ettt ettt st et e b e s bt e e et e e bt e et eeeabeessbesabeesabeensteenbeesnseenseean 219
10.4.3  CLOCK MOQUIES. ...ttt ettt ettt ettt e e b e bt et e eb e e bt et e es e e e b e e bt embeeseebeenbeemeesneenseenseanean 219
10.4.4  Memories and Memory INtEITACES. ......couiiiiriiiiiiiiiiiiicii ettt 220
10.4.5 AANAIOZ. ..ttt ettt h e et b e e h e e b e e bt e bt e bt e e a bt e b bt et e e eat e e shbeenbeesabeenaeeeates 220
10.4.6  TAMET MOGUIES. ...c.eieuiitieieeiieet ettt ettt ettt et e et et e at et e eaeeeh e e bt emeess e e bt emeeeaeeneeemeesaeebesneesseenseeneas 221
10.4.7  Communication INTEITACES. ........ccueiiiiiiiiiiiiiiiicic e 223
10.4.8 Human-Machine Interfaces (HIMI)..........ooooiiiiiiiiiieieecc e e e e e e e 225
Chapter 11
Port Control and Interrupts (PORT)
L1.1 INErOQUCTION. ...ttt e e b e ea e b ae s neeae s en b e 227
L O ) o 15 OO ST 227
L1201 FRALUIES.....eiiitiiiieceteeet ettt et b et et ettt ettt a e a e 227
11.2.2 MOAES O OPETALION. ..ccuuiieiiiiiiieite ettt ettt ettt ettt sab ettt e bt e et e sbbeeabeesabeeeabeesabeesabeenateesabeebeeensneenbeean 228
11.3  ExXternal sigNal AeSCIIPIION. .....cueuiiuiiiiiiitieterie ittt ettt ettt ettt et ettt be et be ettt e et et eatebeebeebesaeeneebesaesaennen 229
11.4  Detailed SIZNAl AESCIIPIION. c..c..tiutirtiitietteteeitet ettt sttt ettt ettt ettt sb et sb e et ebe e bt s bt e s bt ebtesbeeabe s bt enbeebe et e ebeenaeenee 229
11.5 Memory map and re@ister efINItION. . ...ciiutiitieriieriieite ettt ettt et b e sbt e st e e sabesabeesabeebeesabeenbeesanesases 229
11.5.1 Pin Control Register n (PORTX_PCRA)......ccuiitiiiiiiieieet e 236

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

10 Freescale Semiconductor, Inc.




Section number Title Page
11.5.2 Global Pin Control Low Register (PORTX_GPCLR).......cccciiiiiiiiiiiiiiiteeeeeeeeee e 238
11.5.3  Global Pin Control High Register (PORTx_GPCHR).......ccccccoiiiiiiiniiniinininininineeeeeeeeeeeeee e 239
11.5.4  Interrupt Status Flag Register (PORTX_ISFR)....cc.ccoiiiiiiiiiiiiiiiiictce e 240
11.5.5 Digital Filter Enable Register (PORTX_DFER).......cccciiiiiiiiiiiiiiieiteecitete et 240
11.5.6  Digital Filter Clock Register (PORTX_DFCR)........cccuiiiiiiiiiiieieeceee et 241
11.5.7  Digital Filter Width Register (PORTX_DFWR).....ccccoiiiiiiiiiiiiiiiiteeeeeee e 241

11.6 FUNCHONAL AESCTIPIION. ...cuuiiiitiiiieeiitetie ettt ettt sttt et e bt et e e bt e e bt e bt e sab e e btesabe e bbeeab e e bt e sabeesatesabeessbesabeenbbeenseenseean 242
11.6.1 PIN CONIIOL. ..ttt ettt h ettt h et a e e h et e e et e es e e bt emeeebe e bt eneeeseebeeneeeneeeeenee 242
11.6.2  GIODAL PIN CONLIOL ..ttt ettt ettt st ettt e bt ettt et ea e sbbenbeenbeesbesaaenbeen 243
11.6.3  EXEEINAL INTEITUPLS. ..eeutteetteiieetieeteentteette sttt estt e et e sateesttesateestaeeabtesateesabeeabeesabeensteeabeesnbeenbeesabeensseenbeesnseensnean 243
T B 741 1 I 1 1<) OSSR 244

Chapter 12
System Integration Module (SIM)

L0 B U1 (0T L8151 )3 OSSPSR 247
L2101 FRALUIES ...ttt sttt e b et ettt et ettt ettt e 247

12.2  Memory map and re@ister efINItION. .. ...ccueiitieriieriteitte ettt ettt et e b e e bt st e e st e eabeesibeebeesateenbeesanesases 248
12.2.1 System Options Register 1 (SIM_SOPT)......cccoimimiiiiiiieienineneeeeeeeete ettt 249
12.2.2  SOPT1 Configuration Register (SIM_SOPTICEG)........cccccoctirtiiiriiiiiienteneeestesieee et 251
12.2.3 System Options Register 2 (SIIM_SOPT2)....cc..uoiiiiiiiiiieeitestt ettt st sttt en 252
12.2.4  System Options Register 4 (SIIM_SOPTA)......coouiiiiiie ettt ettt seee e 254
12.2.5  System Options Register 5 (SIIM_SOPTS)...c..eoiiiiiiiiiiiiiienteteeetteteet ettt 257
12.2.6  System Options Register 7 (SIIM_SOPTT)....cccuitiiiiiiiieieeite ettt sttt n 258
12.2.7  System Options Register 8 (SIIM_SOPT8)......ccctiriiiiieiieeeeeee ettt et seeesaees 260
12.2.8  System Device Identification Register (SIM_SDID).........cocerviiririiiniiiiniiiiniteieeeesteetese et 262
12.2.9 System Clock Gating Control Register 4 (SIM_SCGCA)....cc.uiiriiriiiiieiieiitenieeiee ettt 264
12.2.10  System Clock Gating Control Register 5 (SIM_SCGCS).....cc.eeouiriiiieiinieie et 266
12.2.11  System Clock Gating Control Register 6 (SIM_SCGCO)........cccerieririiniirinienieeieneenieee e 267
12.2.12  System Clock Gating Control Register 7 (SIM_SCGCT)...cccutriiiriiinieeiienitenteeieesieeiee sttt 270
12.2.13  System Clock Divider Register 1 (SIM_CLKDIV1)....c.coiiiiiiiiiiiieieieeieeeeeee e e 271

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 11



Section number Title Page
12.2.14  System Clock Divider Register 2 (SIM_CLKDIV2).......cccccoiiiiimiiiieineieeneeeeieeeeeee e 273
12.2.15 Flash Configuration Register 1 (SIM_FCFG1)......cccoiiiiiiieieieee e 274
12.2.16  Flash Configuration Register 2 (SIM_FCFG2)......c..ccociiiiiiiiiiiiiiiiiitieeeeeeeeeste ettt 276
12.2.17  Unique Identification Register High (SIM_UIDH)........ccceoiiiiiiiiiiiiieiiieeieeieeee ettt 277
12.2.18  Unique Identification Register Mid-High (SIM_UIDMH).........cccceeiiiiiiiiiiiieiie e 277
12.2.19  Unique Identification Register Mid Low (SIM_UIDML).......cccccocteiiriiimiiniinienieneeneenieeieeieere e 278
12.2.20  Unique Identification Register LOwW (SIM_UIDL)......ccccoiiiiiiiiiiiiiiiieeiieeetceeite ettt 278

12.3  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt st e e e bt et e et et e e st e b e es e eaeemeees e et e saeebeemee st emee bt ensesbeanbeeseenteeneenneenes 278

Chapter 13
Kinetis Flashloader

13.1  Chip-Specific INFOIMALION. ......cotiiiiiiiiititeneet ettt ettt s b et sttt e b et e sae e ne e 279

13.2 INEEOQUCTION. c..c.eiiiiiiiitietite ettt ettt ettt ettt ea e et eae bt e bt eb e ebeebesa e b e b saeene b e 279

13.3  FUNCHONAL DESCIIPHION. .. ..tteiiteiiieeiteeiie ettt ettt ettt ettt ettt e bt e bt e eabe e bt e eabeeatesabeesabeeabeesabeesaaesabeesabeenbeesabeenneesases 281
13.3.1 MEIMOTY MAPS. ...ttt ettt et e b ettt e s et e sat e e bt e et e e eat e e sb b e e bt e st e e sabeenbeeebeeeabeenas 281
13.3.2  Kinetis FIashIOAdET.........c.oocviiiiiiiiiiiiiiiicicce et 281
13.3.3 STATT-UP PTOCESS. ¢ttt ettt et e s bt e et e bt sab e e bt e sabeesatesabeesbaeenbeenbeesabeensee e 281
13.3.4  ClOCK CONTIGUIATION. 1...eutteutitieit ettt ettt ettt ettt et e et e bt e e e e bt et e ese et e eneeebeenteesee et eneeeseenseeneesseeneesaeensesnean 282
13.3.5  Flashloader ProtOCOL.........ccocoiiiiiiiiiiiiiiiiciccee et e 283
13.3.6  Flashloader PaCKEt TYPES....ccueiuiiiiiiiiiiit ettt sttt ettt ettt et e st e bt e sat e e bt e sabesabeesnbeenee e 287
13.3.7  Flashloader Command APL............cooi ittt ettt sttt et st be et s esaeeaeeaeas 294
13.3.8  Flashloader EXit STALE.........cccccuiiiiiiiiiiiiiiieieicieeet ettt s 307

134 Peripherals SUPPOTLEA. ...c...eiiuiiiiiiiiieiie ettt ettt sttt ettt e st e e s ate st e e s bt e sate e bbeenbtesabeesaseeabeeenbeesaseessneanseesases 308
13.4.1 T2C PEIIPRETAL.....cuiiiiiiiee ettt b et et e b e bt et e e st e e bt e bt embesaeesaeebeeneeeneenneeneeenes 308
1342 SPIPEIIPRETAL..c..eiiiiiiiiiiiitet ettt b et et s b e eb ettt et ea e s bt e bt et e sbaeniees 310
13.4.3 UART PeIIPRETAL......eiiiiiiiiiiiiiiee ettt ettt et e st e et e s et e st e e baeebeesabeeenbeesaes 312
13.4.4  USB PEIIPREIAL....ociiiiiiiiiieeiiet ettt etk e e et et e e st e aeent e e et ebeeseeabeeneesaeenneeneas 314

13.5 Get/SetProperty Command PrOPEITIES. .......cccuertiriiriiriiiiieteetteteett ettt ettt ettt ettt sttt et e st sat e bt et sbeeeeeaee 316
13.5.1 Property DefiNItiONS......ccuveiiiiiiiiiieeteect ettt ettt e st et e b ettt bte st e e st e e naeeeats 317

13.6  Kinetis Flashloader Status Error COA@S........co.uiiuieiiiiiiieieeie ettt ettt ettt sttt st sbe et s eee bt e ae et e saeeeeenes 319

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
12 Freescale Semiconductor, Inc.



Section number Title Page
Chapter 14
Reset Control Module (RCM)
T4.T INEEOAUCHION. c...eiiiiiiieiieiict ettt ettt ettt et et eb et e bt bt e bt ea e eb e e b sa e s e e b saeene b e 321
14.2  Reset memory map and re@iSter AESCIIPIIONS. .....cc.vtirutieriieriieiteeeite et ettt sit et e ebaeebee e bt e ebee e bbesbeesabeeebeesabeesnbeesares 321
14.2.1 System Reset Status Register 0 (RCM_SRS0).....ccuiiiiiiiiiieiee et 322
14.2.2  System Reset Status Register 1 (RCM_SRST).c...ooiiiiiniiiiiiiiiiiteee et 323
14.2.3 Reset Pin Filter Control register (RCM_RPFCQC)........ccociiiiiiiiiiiiiieeeeee et 325
14.2.4 Reset Pin Filter Width register (RCM_RPEFW)......c.ooiiiiiie e e 326
14.2.5 Mode Register (RCIM_IMR)...c..ooiuiiiiiiiiiiiieitee ettt sttt et s 327
14.2.6  Sticky System Reset Status Register 0 (RCM_SSRS0).....cccueiiiiiiiiiiiieiiieeeee et 328
14.2.7  Sticky System Reset Status Register 1 (RCM_SSRST)..cc.cooiiiiiiiiiiiiieiiiiicccceeteteeeere e 329
Chapter 15
System Mode Controller (SMC)
LS B 01 (0T 1817 510 )3 OSSPSR 331
15.2 MOAES O OPETALION. .. ..eutiutieiiieiiett ettt ettt ettt ettt ettt b et a e b e bt e bt sb e e bt e st e sbtenbeeatesbeesbe e bt eseenbee bt eatesbeenaeenee 331
15.3 Memory map and re@iSter AESCIIPIIOMNS. ...eeutirutieriteeteeiieerite et ettt et ee st e stte et e e stbeebtesabeesabesabeesabeesseesabeessbeenbeesabeenneesases 333
15.3.1 Power Mode Protection register (SMC_PMPROT)........cooiiiiiiiiiieeeeeeeee e 334
15.3.2 Power Mode Control register (SMC_PMOCTRL).......ccccoiiiiiiiniiiiiiinieeeeetee ettt e 335
15.3.3 Stop Control Register (SMC_STOPCTRL)......ccooutiiiiiiiiiie ettt ettt et n 337
15.3.4 Power Mode Status register (SMC_PMSTAT)......coiiiiieiieiieiese ettt s 338
154 FUNCHONAL AESCIIPLION. ..c.ueiutiiieitiitieteett ettt ettt ettt et ettt eb e bt et eb et e bt e bt e bt e s bt e bt e s bt eabesbeenbeebe et e ebeeaeenee 339
15.4.1 Power mOde tranSItioNS. .........coiiiiiiiiiiiiiiicc e 339
15.4.2  Power mode entry/eXit SEQUENCINE. .......cerutertietieteetiertienteeteeteseesteestee st eneeeseesseeseenteenteeseeaseenseenseensesneesneas 342
I5.4.3  RUNMOUES. .c..iiiiiiiiiiiieece ettt ettt et s st b e bttt et s et et eaeeaeeaeeaenes 344
1544 WaIEIMOUES.....oiuiiiiiiiiiiiiici e s s 346
L TN (o) 0 T8 10 T Ta [OOSR 347
15.4.6  Debug in IoW POWET MOUES.......co.uiiiiiriiiiiiieiieiie ettt ettt ettt ettt et sat e st e bt e bt et et eenesaaenbees 350
Chapter 16
Power Management Controller (PMC)
10,1 INEFOQUCHION. ...ttt ettt et ettt e b et ea e bt e b ea e b e b sa e b e b saeene b e 353

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 13




Section number Title Page

LO.2 FRALUIES. ....ouiiiiiiiiiiie ettt e e e e h e e b bbb et s a e s ee e 353

16.3  Low-voltage deteCt (VD) SYSIEIM......cciuiiiiitieieitieieeie ettt ettt ettt et ettt e s te et e s et eaeesbeeeesbeentesbeenteeseanteeneeseeneenseenes 353
16.3.1 LV TESEE OPETALION. ...uveuieniiiutiritetietteett et ettt et ettt est e e bt et eat e st e et es e e s bt esteebt e bt emtesbee bt eaeesbeenaesatesbeentesaeen 354
16.3.2  LVD INEEITUPE OPETALION. .. .eerutieutteriieetieniteeteesiteettesateeteesiteeatessteebtesuseeabeesaseeaseesabeeseesaseeseesssesnbeessesnseesas 354
16.3.3  Low-voltage warning (LVW) INterrupt OPEIatiON. .......ceiueeruieriieriientieriiertiesieesteesteeseeesteesseesieesaeeseeesseenseenseas 354

160.4 T/O TEEEIMEION. ....uiiiiiiieiieitet ettt et et a et e et bbb st et sa et e b sa et e b sa et e b e 355

16.5 Memory map and re@iSter dESCIIPIIOMNS. ...eeuterutieriteetterte ettt ettt et et e et esabeette st e e sabeeabeesabeesbeesabeesabeenbeesabeenaeesases 355
16.5.1  Low Voltage Detect Status And Control 1 register (PMC_LVDSC1)..c..ccooiiiiiniiiiiiieiienieneeeeeeeen 356
16.5.2  Low Voltage Detect Status And Control 2 register (PMC_LVDSC2)......coccoviiniiniiniiniiniinienieicneeeen 357
16.5.3 Regulator Status And Control register (PMC_REGSQ).......cooouiiiiiiiiiiiiiiiiiieeeeeee e 358

Chapter 17
Low-Leakage Wakeup Unit (LLWU)

I7.1 INEEOQUCTION. c..c.uiiiiiiiciiciii e b e e a e ea e b b s n e en e s en b e 361
17.1.1 FRALUIES. ...ttt ettt a et et e a et e bt ea e e st et e em bt e st e bt em b e en e e ebeenbeenbeebeebeenbeeneentean 361
17.1.2  MOA@S OF OPETALION. .....ceruiiniieiiieiiitiettete ettt ettt sttt ettt sb e bttt eb e eb e e bt et et e eatesbbenbeenbeesbesasenaeen 362
17.1.3 BIOCK QIAGTAIMN. ...ttt ettt et et e st e s bt e et e st e e sab e e bt e ebeesabeesabeebeeentes 363

17.2 LLWU SIi@NAl AESCIIPIIONS. ..c..eeutteuteeiieiteeteeiie it eteette st et eetesteete e s tesaeebeeaeesseenteeaeesaeebeeaeesseenseameeeaee bt eneesaeenseeneesseeseenes 364

17.3  Memory map/Te@ister AEINItION. ......couiiuiiriiiiiiiiirietcete ettt ettt ettt et et st e bt et st e sbeeneeeae 364
17.3.1 LLWU Pin Enable 1 register (LLWU_PED)......coooiiiiiiiie ettt 365
17.3.2  LLWU Pin Enable 2 register (LLWU_PE2)......ccooiiiiiiiii ettt 366
17.3.3 LLWU Pin Enable 3 register (LLWU_PE3).....cccooiiiiiiiiiiiiiieiteieeeseeeeetesie ettt 367
17.34 LLWU Pin Enable 4 register (LLWU_PE4).......cooiiiiiiiie ettt 368
17.3.5 LLWU Module Enable register (LLWU_ME)........c.cooiiiiiiiiiiieeeee ettt 369
17.3.6  LLWU Flag I register (LLWU_F1)...coiiiiiiiiiiieeeee ettt st st st 371
17.3.7  LLWU Flag 2 register (LLWU_F2)........cccooiiiiiiiiiiiiinieeeeeeeeee et 373
17.3.8 LLWU Flag 3 register (LLWU_F3)......ccciiiiiiiiiceeeee ettt 374
17.3.9 LLWU Pin Filter 1 register (LLWU_FILT L) ..cccuiiiiiiiiiiiiiiiiieieeeeese ettt 376
17.3.10 LLWU Pin Filter 2 register (LLWU_FILT2).......cooiiiiiiiiiieiiieeiie ettt sttt n 377

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
14 Freescale Semiconductor, Inc.



Section number Title Page
174  FUNCHONAL AESCTIPIION. ...ceutiiiuiiiiieeiiteite ettt ettt st et e e bt e et e e bt e s bt e bt e sab e e bteeabe e bbeeabeebeeeabeesatesabeensbesabeesbbeenseenseean 378
I74.1 LS IMOMGE..... ettt ettt ettt bbbt b bbbt b et bt bttt et b et b e e 379
17.4.2 VLS IMOGES.....cuiiiiiiiiiieiiciieiieeete ettt st st eb et eb et a e se e e 379
1743 INIHAIZALON. c.c.eiiiiiiiiiiiicii et et 379
Chapter 18
Miscellaneous Control Module (MCM)
I8.1  INTrOQUCTION. ......iiiiiiiiiiiiic it a e s e ea e b ae e n e a e s en b e 381
18.1.1 FRALTUTES. ...ttt e bt e b e et e s ab e e eabe e b e e et e e sab e e sabe e bt e sbeeearee e 381
18.2  Memory mMap/T@EISter AESCIIPLIONS. ....eutetieuiiritietieteete ettt ettt ettt ettt ettt bt e sb e e bt et eabeebsesbee bt e beeatesbeesbeebeeneeeaee 381
18.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC).....cccoiiiiiiiiiiiiiiiiceiecee e 382
18.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMO)......ccccceiiiiiinienieiieiieeeeeeee e 382
18.2.3 Crossbar Switch (AXBS) Control Register (MCM_PLACR)......cc.ccotviiiiiiiiiiiniiieneeieeeeeee e 383
18.2.4  Interrupt Status and Control Register (MCM_ISCR).......coociiiiiiiiiiiiiiiieee et 384
18.2.5  Compute Operation Control Register (MCM_CPO).......cccooiiiiiiiiiiieiieieeie et 387
18.3  FUNCHONAL AESCIIPION. ...c.teiiieiieititieteettete ettt sttt ettt b e eb e bt et sb e et sbe e bt e bt e s bt ebtesbeeabe s bt eabeebe et e ebeeaeenee 388
18.3.1 TIEOTTUPES. ettt et e b et s bt e e et e bt e bt e e a bt e sa bt e bt e e bt e ea b e e ea bt e bt e e bt e eabeesab e e bt e ebeeeares 388
Chapter 19
Crossbar Switch Lite (AXBS-Lite)
19.1 INErOQUCTION. ...c.uiiiiiiiiiiciit e e a e ea e b sa e aeene s en b e 389
19.1.1 FRALUTES. ...ttt sttt e bt e b e e et e s ab e e eate e bt e et e e sab e e sabe e bt e sbeeearee e 389
19.2  Memory Map / Register Definition.........cocuirieriiiiiniiiiienieecte ettt sttt sttt sb e sae e 390
19.3  FUNCHONAL DESCIIPUION. .. ..tteitieiieeittetie ettt ettt ettt ettt et et e bt e e bt e eabe e b teeabeesateeabeeeabeeabeesabeenstesabeesabeenseesabeesaeesabes 390
19.3.1 GENETAL OPETALION. ......euiiiiieiieiieit ettt ettt ettt ettt et ettt et sa et b sa et et nae et ebesaeesennenaenn 390
19.3.2  ATDIITATION. ...ttt ettt e s sa e et e 391
19.4  Initialization/application INTOTMAION. ........eeiuiiiitiieiie ittt ettt ettt et e st e e st e st e e bt e ebbeebeesabeeenbeesanes 392
Chapter 20
Peripheral Bridge (AIPS-Lite)
20,1 INErOAUCTION. c....eiiiiiiiiiiiii et a e e a e e 395
20.1.1 FEALTUTES. ...ttt et e bt e b e e et e s ab e e eate e b e e et e e sab e e sabe e bt e e beeearee e 395
20.1.2  GENETAL OPETALION. ... .eeeieitiriiiieeite ettt ettt ettt ettt et sbt et e st e sbeeaeeaeesbe e bt satesbeentesbtesbeenbesatenbeenaesaeen 395

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 15




Section number Title Page
20.2  FUNCHONAL AESCTIPLION. ...eeuutiiutieiieitierite ettt ettt et et eab e sb b e et e e bt e sabeeshtesabeesabeeabeesbeeeabeebeesabeesbeesabeesssesabeensaesnseenseenn 396
20.2.1 ALCCESS SUPPOTT....c.eiiieiiieiii ettt et a et et e bt e bt e e s h e e h e e b e e s saee s beeneeane s e saeesae e s 396
Chapter 21
Direct Memory Access Multiplexer (DMAMUX)
B0 0 B (Vi (0T L1 17 510 )3 OO 397
21.1.1 OVEIVIBW ...ttt sttt e s b et s et b sa e b e b sa et e b saeebe b e saeebesbesuean 397
2112 FRALULES.....iiiiiiiicic e e s e 398
21.1.3  MOAES OF OPETALION. ...c..eviiiiieiieiieiiet ettt sttt ettt ettt b e sb ettt ae et ettt s bttt besbe bt et e e e s e e ennenae 398
21.2  External Signal deSCIIPLION. .....cocuiitirtiiieriiiteiteet ettt ettt ettt ettt ettt et sbe et bt et s bt et s bt et ebt et e ebee bt ebtesbeentesbeenaesbeen 399
21.3  Memory map/TeZiSter AfINTTION. ....c...eiiuiiitieiiieiiieit ettt ettt ettt e st e e sat e e s bbe e bt e sbeesabeesabeesate e baeebeesates 399
21.3.1 Channel Configuration register (DMAMUX_CHCFGZ)........ccccoiiiiiiiieiieieseeeeeeeeeee e 400
214 FUNCHONAL AESCIIPIION. c..c.ttiuteiieiteeitetteit ettt ettt ettt b e ee bttt eb et e bt et s bt e bt e bt e s bt esb e s bt esbenbeeabeebeenteebeenaeenee 401
21.4.1 DMA channels with periodic triggering Capability.........cccocierrieriiiiiiinienieeieeie et 401
21.42  DMA channels with no triggering Capability..........cceeieriieriirieiieieeieee et 403
21.43  Always-enabled DIMIA SOUICES. ......cotirttiiiiieritenieeie ettt ettt et sttt et ettt eaeesbe e bttt eabeeabesaaenaees 403
21.5 Initialization/application INFOTTNALION. ........eeouiiiitieeiie ittt st e et e st e e st e st e e sateesbbeeaeesabaeebeesanes 405
21.5.1 RESL .ttt ettt ettt e h e bt et h et e e e e bt e et e eh e et e Rt e bt en b e eh e et e ent e bt e teeneenaeenes 405
21.5.2  Enabling and CONfIGUITNZ SOUICES....c.ccoutrtirtieriieiiinieete ettt ettt ettt et ettt esaeeaaesaeeteestesbeentesaeesbeeaesaees 405
Chapter 22
Enhanced Direct Memory Access (eDMA)
22,1 INEOQUCTION. ..ttt ettt ettt ettt e ettt et et ea bt e bt e bt bt eaeeu e b e s aeeae b suesae s 409
22.1.1 eDMA System DlOCK QIaZIAML......cccuuiiiiiiiiiiiiii ettt ettt e st e st e s esabeeenbeesaes 409
22.1.2  BLOCK PAITS....uiiutieiiieiieetiete ettt ettt ettt ettt e st e bt et e e et e eb e e bt e a bt ea e e ekt et e en b e en e e eb e et e enbeente bt e beenbeenteanean 410
22,13 FRALUIES.....eiiiiiiiiieiiee ettt e h ettt 411
222 MOAES OF OPETALION. .....eeiieiiieeiteette ettt e et e ettt e st e sttt et te et e e eabeesateesateeabeesabeeeab e e st e enbeeeabeeesbeesabeensbeanbeesabeesaneenbaeenseenases 413
223 Memory map/Te@IiSter AEINITION. ......ceouieiiitieiti ettt ettt et ettt et et e ae e s bt e b e e aeesbeebeeneesseenaeenseeneeseeeneeenee 413
22.3.1 TICD IMCINOTY ..ttt ettt ettt ettt ettt b et e et e a e e bt e bt et e e et e sb s e s bt e bt eabeebtesbe e bt entesatesbeenaeeneeeaee 413
2232 TCD INItIAHZAON. ....cceiuiiiiietiicieticiee et 414
22.3.3 TCD STIUCLUTE. ...ttt ettt ettt ettt et ettt st e ea e et sab e e bt e sat e e sabe s et e e s et e e bt e sabeesbbeeabeesabeebeesabeenbeesnseenns 414

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

16 Freescale Semiconductor, Inc.




Section number Title Page
22.3.4  Reserved memory and Dit fIEldS........ooueeuiiiiiiiiiiieiie e 416
22.3.1 Control Register (DIMA_CR).....ooiiiieieeieitee ettt a et ettt et e st e sbe et e e st e sbeeneeeaeenaeenes 426
22.3.2 Error Status Register (DIMA _ES)....c..ioiiiiiiiiteeteet ettt st sttt 429
22.3.3  Enable Request Register (DMA_ERQ).....cc.utiiiiiiiiiiiieieeitee ettt sttt sttt s s 431
22.3.4  Enable Error Interrupt Register (DMA_EEI).......cccoooiiiiiiiiieeeee ettt 433
22.3.5  Clear Enable Error Interrupt Register (DMA_CEEID)......cc.cooiiiiiiiiiiiiiieieniteeeeecee e 435
22.3.6  Set Enable Error Interrupt Register (DMA_SEEI).......ccccoiiiiiiiiiiiiieitieeeeeeeee et 436
22.3.7 Clear Enable Request Register (DMA_CERQ).......ooiuiiiiiiiiiieiieieieeee et 437
22.3.8 Set Enable Request Register (DMA_SERQ)...c..ccoiiiiiiiiiiiiiiiiieeeeteeeeeeeetee et 438
22.3.9 Clear DONE Status Bit Register (DMA_CDNE)........coiiiiiiiiiiieiecie ettt 439
22.3.10  Set START Bit Register (DMA_SSRT).....coiriiiiiiieiiierentieere ettt e 440
22.3.11 Clear Error Register (DMA_CERR)....c..cociiiiiiiiiiiiiiee ettt 441
22.3.12  Clear Interrupt Request Register (DMA _CINT)......cooiiiiiiieiiiieieeeieeeee ettt sttt 442
22.3.13  Interrupt Request Register (DIMA_INT).....cc.oiiiiiiiieie ettt sttt st sse e 443
22.3.14  Error Register (DMA_ERR)......cciiiiiiiiiiiitente ettt sttt 445
22.3.15 Hardware Request Status Register (DMA_HRS).....ccoouiiiiiiiiiii e 448
22.3.16 Enable Asynchronous Request in Stop Register (DMA_EARS).....cccooiiiiiiiiieieeeeeeee e 451
22.3.17 Channel n Priority Register (DMA_DCHPRIZ)........cccoeiiiiiiiiiiiiniiitee e 453
22.3.18 TCD Source Address (DMA_TCDn_SADDR).......ccccccoiiiiiiinieinieeeceeeeeeeeee e 454
22.3.19 TCD Signed Source Address Offset (DMA_TCDn_SOFF).......ccciiiiiiiiiieeieeeeeeee e 454
22.3.20 TCD Transfer Attributes (DMA_TCDA_ATTR).....ccouiiiiiiieeeeee et e 455
22.3.21 TCD Minor Byte Count (Minor Loop Disabled) (DMA_TCDn_NBYTES_MLNO)......cccccveeinvieniennnen. 456
22.3.22 TCD Signed Minor Loop Offset (Minor Loop Enabled and Offset Disabled)

22.3.23

22.3.24

22.3.25

22.3.26

(DMA_TCDn_NBYTES_MLOFENO).......ccciiiiiiiiiiiiieieietcteiesteete sttt 457

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

(DMA_TCDn_NBYTES_MLOFEFYES)....cuttttriiiineetreeeetee ettt 458
TCD Last Source Address Adjustment (DMA_TCD7_SLAST)...cccooiiiiniiiirienieenieneeiceeseeeeeesieens 459
TCD Destination Address (DMA_TCD7n_DADDR).......cccccoviiiiiiniiiiineieeeneeeesee e 460
TCD Signed Destination Address Offset (DMA_TCDrn_DOFF)........ccccoooiiiiiiniiienieeeeeeeeeeiens 460

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 17



Section number Title Page

22.3.27 TCD Current Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_CITER_ELINKYES). ...ttt ettt ettt ettt sttt st snens 461

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

(DMA_TCD#n_CITER_ELINKNO)......cooiiiiiieiee et eeee e e e e eeaveeeeennaeeeeennaeseenneeeeenes 462
22.3.29 TCD Last Destination Address Adjustment/Scatter Gather Address (DMA_TCDn_DLASTSGA).......... 463
22.3.30 TCD Control and Status (DMA_TCDZ_CSR).......ooiiiiiiiiiiiiie ettt e e eevee e e eare e 464

22.3.31 TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_BITER_ELINKYES).....cooiiiiiiiriieneeeteeeteet ettt 466

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

(DMA_TCD#n_BITER_ELINKNO).....cctitiiitiiiieiiieieitteee ettt s 467

224 FUNCHONAL AESCIIPIION. c..c.tteutitieiteetiet ettt ettt ettt ettt et e ee e e bt es e e bt est et e eneeeheemeeese e beemee bt emeesbeemaebeanseebeenseeneenseeneeeeenee 468
22.4.1 eDMA basic data flOW........ccccoiiiiiiiiiiiii e e 468

22.4.2  Fault reporting and handIing............cooieeiiiiiiiiiiiiieee et ettt et e e e et e st e sbeeaee s 471

22.4.3  Channel PrECIMPLION. ....c..eiuiirtieiieiieettett et etteett et et e etee bt este et eesteenteeseeebeen bt emseeseeabeenseemseaseenseensesneesseanseeneesneas 473

2244 PEIfOIMNANCE. .....couiiuiiiiiiiiiciieiietet ettt b e bbbt ettt a e e 473

22.5 Initialization/application INFOTTALION. ........eeuiiiitieiiie ittt ettt st e et e st e e st e e s bbeesaeeesbbeebeesabeeebeesanes 478
22.5.1 EDMA INIHAIIZAION. ...ttt ettt ettt a ettt e st e ea e e st e e bt entees e e ebee bt enbeeneesneesaeenseeneeenes 478

22.5.2  PrOZIAMIMING @ITOTS. .c..eerttetteutiaitenttetteteetteettesttesteesteeatesteesbees st estesstesbeesaeesteesteebtesbeeteeateesbesuaenbeenbeensessnenbees 480

22.5.3  Arbitration mode CONSIAETALIONS.......cc.ccuiiuiiiiiiiiiiiiiii e s 480

22.5.4  Performing DIMA tranSTETS. .....cc.eeiiiiiiiiieiiee ettt ettt et sat et e bt et e st e bt e bt ebe et e e neeaneas 481

22.5.5  Monitoring transfer deSCIIPLOr STALUS. ......co.terteiiirieriereete ettt ettt ettt ettt ettt st sbeesbeeaaesaees 485

22.5.6  Channel LINKING.......ccoouiiiiiiiieiieeiee sttt sttt sttt e e st e bt e sat e e bt e et e e sbbeeabeesabeebeesaseenbaeenbeenseean 487

22.577  DYNAMIC PrOZIAMIING. ... ecutieuieetietteteeitesteesteenteetesueesteenseentesseesseenseanseaseesseenseenseeseeaseanseensesnsesseeseensesnsesneas 488

Chapter 23
External Watchdog Monitor (EWM)

B T B 1 (0T 1117 510 )3 OO OO 493
230101 FRALUIES....eeiiiiiiiii ettt ettt ettt st 493

23.1.2  MOAES Of OPETALION.....ceitiiiiiiiiieeiteeite et te et ee et et e et e st e st e e st e e sabeesabeesabeesbteesabeebbeessbeebeeensseebeeebaeenseean 494

23.1.3  BIOCK DIAZIAIML..c.eiiiitiiiitiitiitietieie ettt sttt st sttt sttt ettt ettt ettt ae e ne e 495

23.2  EWM Si@Nal DESCIIPLIONS. ...c.vtittiniieiiieiieetteteete ettt ettt ettt sh e bt et e et s bt b e e bt eatesbtesbe e bt eatesbeesbeenaeestesbeenbeenaeenee 496

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
18 Freescale Semiconductor, Inc.



Section number Title Page
23.3  Memory Map/RegiSter DETINItION. . ...ccouieriiiiiiiieetieriieei ettt sttt et e b ettt e st e e bt e sabe e bt e sateebaesaneeases 496
23.3.1 Control Register (EWM_CTRL)....c.ooiuiiiiiie ittt ettt ettt e 496
23.3.2 Service Register (EWM_SERV ). ..ottt sttt 497
23.3.3 Compare Low Register (EWM_CMPL).........ooiiiiiiiiiiee ettt et 497
23.3.4  Compare High Register (EWM_CMPH)......cccccooimiiiniiiinieeteee ettt e 498
23.3.5 Clock Prescaler Register (EWM_CLKPRESCALER).......cccooitiiiiiiiiiiiiiiiecenteteeee e 499
234 FUNCHONAL DESCIIPION. .euttiiuiieiie ittt ettt ettt ettt ettt ettt bt e sttt e bt e eabe e bte st e e bte e beeeabeenbeesabeesabeeabeesabeebeesabeenaeenases 499
23.4.1 The EWM_OUE STZNAL......ciitieiieieeiec ettt ettt ettt et et e es e es e e s bt e bt enbeenteeseesseenaeeneeenes 499
23.4.2 The EWM_IN SIZNAL..cc..iiiiiiiiiii ittt ettt et sttt et st sb e bt et et sbeesbeenbeens 500
23.4.3  EWM COUNLET... .ottt ettt st s s s e 501
23.4.4  EWM COMPATe REZISIEIS. ...c.ueetieiieiiieiieitienteeitt ettt et et etesiee st eesbe e bt e et esteeae et e e bt easeeseeeseenbeenseensesneesnean 501
23.4.5  EWM Refresh MEChaniSI.....c..cceiuiiiiiiiiiiiiiiiiiiiiescct ettt st st s e 501
2346 EWM INIEITUPL. c.c.oiuiiiiiiiteiiicietct ettt sttt 502
23.477  Counter CLOCK PIrESCALCT.......co.iiiiiieiee ettt ettt et e a et e e bt et emeesbeeneesseenaeenean 502
Chapter 24
Watchdog Timer (WDOG)
B B Vi (0T 111 510 ) 3 OO OO 503
242 FRALUIES......euitiieiitete ettt ettt e et b e e bbb s h et b e b st b e h e st b e b bbb e b bbb h e s h e b he st be e b sa et b sa s 503
24.3  FUNCHONAL OVEIVIBW.....c.oiiiiiiiiiiiiiiiiiiiii et sttt ea e 505
24.3.1  Unlocking and updating the WatChdOg..........cceeiiiiiiiiiiieieee ettt st 506
24.3.2  Watchdog configuration time (WECT).......ooiiriiiiiiiiiiiiiieeeeee ettt s 507
24.3.3 Refreshing the WatChAOE........uiiiiiiiiiiiecce ettt sttt et e sttt e e s 508
24.3.4  Windowed MOde Of OPETALION. ......cc.iruiirtieiieiietiete ettt ettt ettt et e aeeste et e s eee bt eneesaeenbeeatesaeebeeneesseenseenean 508
24.3.5  Watchdog disabled mode Of OPETAtioN.........ccc.eviiriiiiniiiiiniiiierieeiese ettt ettt et saeens 508
24.3.6  Debug MOAES Of OPETALION. ....c.uiiitiiiiieeiie ittt ettt ettt ee et e st e st e e e bt e ebeesabeesabeesbaeebeesabeesnbeesateessbeeseen 509
244 Testing the WALCRAOZ. ....c.coviiiiiiiiiiietet ettt ettt et ettt et ettt et ettt et et e s et e b e naesaennenee 509
2441 QUICK TESE. ueutiuietiieiietiteitet ettt ettt ettt ettt ettt b et h et h et b et b ettt b et b e 510
2442 BYLE LSt uuiiitieeiieeiteeeite et ettt ettt et e st e et h e et e e bt e bt e bt ea bt e bt e et e e bt e ea bt e b et e bt e bt sab e e bt e eateenhteeabeebeeenbeeaeena 510
24.5  BACKUD TESEL GENMETALOT ..cuutirutieiieeiieetteeite ettt et et sat e sbt e ettt e bt e e et e bt e sab e e bt e sat e e beeeabe e bt e eabeeabeesabe e bt e sabeesbaeeabeebaesareenneens 511

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 19




Section number Title Page

24.6  Generated TeSELS AN TNIETTUPLS. c...eeitieruttetieeieerite et e et et e e st e st e ebeesabeestte e beesabeebteebteeabeensbeenseesabeessbesnbeesabeenaeenases 512

247  Memory map and re@ister defINItION. .......ccueiuieiuiiiete ittt ettt ettt e e st e b e e bt e be e bt et e es e e beent e beeneenaeenee 512
24.7.1  Watchdog Status and Control Register High (WDOG_STCTRLH)........cccccovuiiiiiiiiiiniiiiciicececeeeeen 513
24.7.2  Watchdog Status and Control Register Low (WDOG_STCTRLL).......cccctiiiiiiiiieiiieniieeieeriee e 515
24.7.3  Watchdog Time-out Value Register High (WDOG_TOVALH).........ccoceiiiiiiiiiiieieeeeeeeeeee e 515
2474  Watchdog Time-out Value Register Low (WDOG_TOVALL)......ccccoviiiiiiiiiiiicnieneeeeieeieeeeresee e 516
24.7.5  Watchdog Window Register High (WDOG_WINH)........cooiiiiiiiiiiiiiiiiicc ettt 516
24.7.6  Watchdog Window Register Low (WDOG_WINL).......cciiiiiiiiiiiiieieeieseseseee e 517
2477  Watchdog Refresh register (WDOG_REFRESH)........cccccoiiiiiiiiiiiiiiiieiencccee e 517
24.7.8  Watchdog Unlock register (WDOG_UNLOCK).......coiiiiiiiiiiiiieiiierieeiee sttt st 517
24.7.9  Watchdog Timer Output Register High (WDOG_TMROUTH).......cc.ccccoirimiiniiniinininieieniencneeeeeeeene 518
24.7.10 Watchdog Timer Output Register Low (WDOG_TMROUTL).......cccceeriimiimiiniiniiienieneeneereeieeieeen 518
24.7.11 Watchdog Reset Count register (WDOG_RSTCNT)....cccueiiiiiiiiiiiieiiie ettt ettt e 519
24.7.12  Watchdog Prescaler register (WDOG_PRESC).......ccccooiiiiiiiiiiniininiieicceneet et 519

24.8  Watchdog operation With 8-Dit ACCESS. ... ccuuiruiriiriiriiiieiiert ettt sttt sttt et st sae ettt esaee e eaee 519
24.8.1 GENETAL GUIACIINIE. c...eeiieiniie ettt ettt ettt bt et esa e s st e e bt e e bt e eabeesabeesabeenbbeebeesases 519
24.8.2  Refresh and unlock operations With 8-Dit CCESS........ciuiiriiriiiiieriieie ettt 520

24.9 Restrictions 0N WatChdOZ OPETALION. .....cc.eetirtirtietiritettet ettt sttt sttt st sb et s bt et et e bt ea e sbte bt eate bt enteebeenaeenee 521

Chapter 25
Multipurpose Clock Generator (MCG)

25.1  INEOQUCTION. ..ttt ettt ettt ettt et ettt et e st et e bt et e e bt eaeeb e eb e saeeae b saesae s 523
25,101 FRALULES.....iiiiiiiiiic e s 523
25.1.2  MOA@S OF OPCIATION. ...ceutiiutieuteeiieeiie sttt et et ettt e bt et e e este et eeeb e et e enbeeateeaeesseesaee bt enteeneeeseeaseenbeenseensesneennean 527

25.2  External Signal DESCIIPLION. .....cevuiirtiiiiriiiitite ettt ettt ettt et ettt ettt sbt ettt sb e e bt et ebeesae e bt eaeesbeenaeenee 527

25.3  Memory Map/RegiSter DEfINItION. . ...cccuieriiiiiiiieeiierieet ettt ettt sae e et e st s bt e st e s bt e sabe e bt e sateebeesaneeases 527
25.3.1 MCG Control 1 Re@ister (IMCG_C1)...iiiiiiiiiiiieieeieie ettt ettt sttt sttt este b et e e enes 528
25.3.2 MCG Control 2 RegiSter (IMCG_C2)..c..ueiuiiiiiieiiniieieeitett ettt ettt sttt ettt ettt et 529
25.3.3 MCG Control 3 Register (IMCG_C3)..ccuuiiiiiiiiieiiteiieeie ettt sttt ettt ettt e st esbeesateesbeesaneennee 530
25.3.4  MCG Control 4 RegiSter (IMCG_C4)... oottt ettt ettt et sa et et e e saeebesbeeaesnnans 531

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
20 Freescale Semiconductor, Inc.



Section number Title Page
25.3.5 MCG Control 5 RegiSter (IMCG_CS)..ccuiiiiiiiiiiiiieiteeeette ettt sttt ettt ettt e st e sbeesaeeenes 532
253.6 MCG Control 6 RegiSter (IMCG_CO).....cuiiieiieiieiieieeie ettt ettt ettt ettt et saeeaee et eaeseeeaesseenesnnans 533
25.3.7 MCG Status Re@ister (IMCG_S)....eeouieiieieiieiie ittt sttt ettt st sbe e b et eae et e 535
25.3.8 MCG Status and Control RegiSter (IMCG_SC)...cc.uiiiuiiiiiiiiieiiieie ettt sttt et 536
25.3.9  MCG Auto Trim Compare Value High Register (MCG_ATCVH).....cccccceiiriinininiininicececeeceee 538
25.3.10 MCG Auto Trim Compare Value Low Register (MCG_ATCVL).....cccceviiviiniininiiniiicneeicnecieseeienens 538
25.3.11 MCG Control 7 RegiSter (IMCG_CT)....ooveuirieiiriiirieieiiieieteieteieeeee sttt enes 538
25.3.12  MCG Control 8 RegisSter (IMCG_C8).....cuiiieiieiieitieieeit ettt ettt ettt ettt et se e ate et eee et ebesseenaesnnans 539
25.4  FUNCIONAL AESCIIPLION. ..c..eeutiiiitieiiete ittt ettt ettt ettt et s bt et s bt e st e sbe et e bt eaa e e bt e st e eb s et e ebe e bt eneesbeentesbeeneesneen 540
254.1 MCG MOAE StALE AIAZTAIMN. ....vveeuereeitieeiieeitie ettt ettt ettt ettt e e bt e et esabeesabeesbteesaseebeeesbbesnbeesabeesabeesabeennreenes 540
25.4.2  LOW-POWET DI USAZE....eueteueiruieieeiiesteeteettenteeetesteeate st e eteesee bt eete st e enteesee st enteeseenseesee st ensesseensesneenseensesneensesnean 545
2543  MCG Internal Reference CIOCKS.........ccoiiiiiiiiiiiiiiiiiieieteeseeesestee e s s 545
2544  External Reference CIOCK.........cccoiiiiiiiiiiiiiiiiiicccc e 546
25.4.5  MCG Fixed Frequency CIOCK .......oouiiiiiiaiiieiiee ettt ettt et ettt et s esbe e be e e sneas 546
254.6  MOG PLL CIOCK ettt ettt sttt 547
25477  MCG AUtO TRIM (ATM)...oouiiiiiieiiiiieiietneeeeete ettt 547
25.5 Initialization / Application INfOIMALION. ........cueiuiiitiiiit ittt ettt ettt et e e et et e naeetesneeseeeeeenee 548
25.5.1 MCG module initialiZation SEQUETICE. .......ccouerutertirieriieieeitenteete sttt et ete st eteeise bt et sbte bt estesbeestesaeenaeenee 548
25.5.2  USINg @ 32.7608 KHZ TEIETENCE. ......eevtiiiiiieiieiiiecieete ettt ettt ettt ettt et s b e ebeenaee s 551
2553  MOCG MOAE SWILCHINE. ....cueetieiiieiieitteit ettt ettt ettt et e e et eeb e e bt eabeesee bt enbeemteeseenbeeabeeseesneenseeneesnean 551
Chapter 26
Oscillator (OSC)
20,1 INETOQUCTION. ¢+ttt ettt ettt ettt e bt e a e st e et sat et e e st e bt e meeee e emeeeheenbeese e st emteebeembeebeembeessenbeenseeseenseeneenseeneenaeenee 561
26.2  Features and MOAES........c.coiiuiiuiiuiiiiiiiieiet ettt ettt ettt e e b e e ettt ettt a s 561
26.3  BIOCK DHAZTAM. ... ettt ettt ettt ettt e ebe e et e e s hb e e bt e sa bt e eab e e bt e e bt e eab e e bt e enbeesabeenbbeeabeesabeenaeenates 562
20.4  OSC SiZNAL DESCIIPLIONS. .....eetieuteeteeiiertteteeteetee et eteesteette bt eate et eesteenteese e et eenseenteeseeabeenseamseeseesseenseeneesseenseensesneesseenseenes 562
26.5 External Crystal / ReSsonator CONNECTIONS. .......cc.tetirttertieiiriientieie ettt et sttt et st sbeeaeeatesbeesbeeseesbeesaeetesseesaeenaeenee 563
26.6  External CloCK CONMNECTIONS.........ccuiiuiiiiiiiiiiiiiiiiiie ittt s 564

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 21



Section number Title Page
26.7  Memory Map/RegiSter DETINItIONS. ......cevtiiriiiiieiiieeieeitie ettt sttt e sb e st e st e bt e st e e sabe e bt e ebaesabeesabeeaeesanes 565
26.7.1 OSC Memory Map/Register Definition..........coeeruiiiirieiieieeiieie ettt et 565
20.8  FUNCHIONAL DESCIIPIION. ¢..ceuteittitiiitentieieeit ettt ettt ettt et bttt e bttt eabesb e et ebt e bt eabesbees b e et s et e eatesbeentesbeenaeenee 567
26.8.1 OSC MOAUIE SEALES. ...ttt s 567
20.8.2  OSC MOAUIE OGS ....cutiiutieiieiiteiie ettt ettt et ettt et e et e et e e bt et e e aeeseeesae et e enteemeeeseeeaeebeenseensesneeanean 569
20.8.3  COUNLET....iuiiieiiiiieeece ettt et et b bbbt b e e a e bbbt bbb bbb b e s ea e e 571
26.8.4  Reference cloCK Pin TEQUITEIMENLS. .....cciutiitiertieriieeieesteesiteette st esteeesbeeebeesbteebeesateesasesabeesabeesseesbeesnseenseeas 571
B R B G SO OO 571
26.10 LOW POWET MOAES OPETALION. ..c...evtemeeriteniiriteteeitenteeiteetteateete et etteteeaeesbeestesbeestesbeeabesbeesaeebeesbeebeenbeebee bt entesbeemeesbeenaenbean 572
20. 11T TIEETTUPLS. .eeuvteeneteeitteite et ettt et ettt et e et e e b et e bt e eat e e sut e e bt e sabeesabeeabeesab e e st e eabeeeab e e bt e eabaeeab e e st e enbeesabeessbeenbeesabeenseenates 572
Chapter 27
RTC Oscillator (OSC32K)
271 INEEOAUCTION. ..ottt e e b e e s b s ea e b s a e e 573
27.1.1 Features and IMOAES. .......c..oiuiiiieiieie ettt ettt et e et e bt s bt et e b e e aae s aeesaeesbe e bt et e et e eneeeneeteen 573
27.1.2  BIOCK DIQZIAM.c...iiuiiiiiiiiiiiiiieteeteet ettt ettt ettt b e bttt sb e bt et ebb e bt bt et naeen 573
272 RTC SigNAl DESCIIPIOMNS. ....eeutiieniieeiiieeitieeiteerite ettt et et e st e sbee sttt e sbteebeesabtesabeesabeesabeeasbeebbesabeesabaesabeessbeennneebaeeseenates 574
27.2.1  EXTAL32 — OSCIHIAtOr INPUL....c.eeeitiiiteie ettt ettt ettt et e st e bt et e enteeseeaneas 574
2722  XTAL32 — OSCIIAtOr OULPUL......eiuiiiiiiiiieiitericeie ettt ettt ettt ettt ettt sbe b et sanesbeesbeebeeaaesaees 574
27.3  EXternal Crystal COMMECTIONS. .....ccutiitieitieeiteiteeeie ettt ettt ettt et e ebteebteeabeesbtesabeesabeessbeesabeensbeesbbeenseeebbeenseesabaeenseesates 575
27.4  Memory Map/RegISter DESCIIPIIONS. .. .ceuutiuieteeieiteeteetierte ettt ettt et e et e bt este st e eaeeebeebeeseeebeenbeeseenteessesseenseeseenseeneeneeenes 575
27.5  FUNCHONAL DESCIIPIION. c..ceutiiitiiieitertieieeit ettt ettt ettt ettt et sttt e bt e bt eat e s bt e bt e bt e bt eabesbeea b eebs et e eabesbe et e ebeenaeenee 575
27.60 RESEE OVEIVIEW...c.uiiiiiiiiiiiiiiiii e b e s b e b s b e b s eb e e b b s sa e s sa e e 576
g B 11 (<) 4 4L ] £~ OSSOSO 576
Chapter 28
Flash Memory Controller (FMC)
B T B Vi (0T 1117 510 ) 3 OO 577
28.1.1 OVEIVIBW ...ttt b ettt e bbb s et b sb e b b sb e b e b saeebesbesaeebesbesaean 577
28.1.2  FRALULES.....iuiiiiiiiiiice e et s e 577
B I (T (o) o) 1S3 1 (o) s FO SRS 578

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

22

Freescale Semiconductor, Inc.



Section number Title Page

28.3  EXternal SIZNAl deSCIIPLION. .c.utirutiitieiteeteetie ettt ettt et e bt e et e bt e e bt esheesabeesuteeabe e baeeabeebeesabeenbeesabeesssesabeenbaesnseenseean 578

28.4  Memory map and re@iSter AESCIIPLIONS. ....c.eerutiiertieieiteete et et et et eteetee bt estesbeeaee et eenbeesee bt ensesseenteeseenseensesseenseeneeneeenee 578
28.4.1 Flash Access Protection Register (FMC_PFAPR)........cccocoiiiiiiiiiiiiicrceceeceeeeteee e 583
28.4.2 Flash Bank 0 Control Register (FMC_PFBOCR).........ccoiiiiiiiiiiieniieeie ettt s 587
28.4.3 Flash Bank 1 Control Register (FMC_PFBICR).........ccoiiiiiiiiiiiieeeeeeeeeee et 590
28.4.4  Cache Tag Storage (FIMC_TAGVDWOSI)....ccutiitiiiiietenteeee sttt 592
28.4.5 Cache Tag Storage (FMC_TAGVDW IST)..coouiiiiiiiiiieie ettt ettt s 593
28.4.6  Cache Tag Storage (FMC_TAGVDW2S)...c.coiiiiirieieieieteesttse sttt e 594
28.47  Cache Tag Storage (FIMC_TAGVDW3S7) ..ottt 595
28.4.8 Cache Data Storage (upper word) (FMC_DATAWOSHU).....ccoiiiiiiiiiieieiiteeieene ettt 595
28.4.9 Cache Data Storage (lower word) (FMC_DATAWOSHL)......cooiiiiiiiiieieeeeeee et 596
28.4.10  Cache Data Storage (upper word) (FMC_DATAW ISAU).....cccoiiiiiiiiiniiiiiienieeeeseeeee et 596
28.4.11 Cache Data Storage (lower word) (FMC_DATAW ISAL)...ccccviiiiiiiiiiiieeeeeeteee e 597
28.4.12  Cache Data Storage (upper word) (FMC_DATAW2SAU).....cccuiiiiiiiiiiieieeeeee et 597
28.4.13  Cache Data Storage (lower word) (FMC_DATAWZ2SHL).....cc.eoviiriiiiiiiiieieeieeeecte sttt 598
28.4.14 Cache Data Storage (upper word) (FMC_DATAW3SAU)....ccoiiiiiiiieiieeeeeeeee ettt 598
28.4.15 Cache Data Storage (lower word) (FMC_DATAWI3SAL)....cccuiiiiiiieiietee ettt 599

28.5  FUNCHIONAL AESCIIPLION. ..c..eiutitiitieiiete ittt ettt ettt et ettt s bt et e s bt e st e s bt et s bt et e bt et e eb s et e ebt e bt ebeesbeentesbeenaesaeen 599
28.5.1 Default CONTIGUIAION. ....co.uiiiiiiiieiiie ettt ettt e st e st e e bt e bt e s bt e sabeesateebaeebeesass 599
28.5.2  CONTIGUIALION OPLIOMS. 1.uttiutieuieiiieitiesttete et eteeitestee st eateenteesee et eebeenseenbeemeeeaeesseesaeanseenteeaeeeseanseenseenseensesneeanean 600
28.5.3  SPECUIALIVE TEAGS. ...euveiiiniiiiietieitete ettt ettt ettt et b et e b et e bt et e bt e bt eatenbeesbesbeessesbeenneninens 600

28.6 Initialization and application INFOTMAION. .........eeriiiitierieeieerite ettt ettt et esbe e bt e sabeesabesabeesbaesnbeenseen 601

Chapter 29
Flash Memory Module (FTFA)

29,1 INEFOQUCTION. .....eiiiiiiiiiiiiii et a e b b e a e bbb e 603
29.1.1 FEALTUTES. ...ttt ettt e bt e be e st s et e e eate e eb e e et e e sab e e sabeeebeeebeeearee e 604
20.1.2  BIOCK DIQZIAM. . ..iiuiiiiiiiiiiiieiieieetecet ettt ettt et et b et et et e e st b e e eaees 604
29.1.3 GLOSSATY ..ttt ettt ettt e st e s bt e s at e e bt e e bt e e sttt e bt e e ab e e s bt e e ab e e ea b e e ehb e e bt e e bt e e baeebeesabeeenbeesares 605

29.2  External Signal DESCIIPIION. ....ceutiuiiuiiieieiteiteitetet ettt ettt sa ettt ettt ettt et et et e s e e et e naesaenne e 606

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 23



Section number Title

29.3  Memory Map and REZISIETS. ......cevuiriiiriiiiieiieeiieeie ettt sttt sttt st e st e e saee e
29.3.1  Flash Configuration Field Description.........c.cccecueeeeirieieinininenincneeenennens
29.3.2  Program Flash IFR Map......ccccocceriiniiiiniiiinieieiecccecestee e
29.3.3 RegiSter DESCIIPUONS. ....ecuviiriiieiieeiiieeiie ettt ettt e

29.4  Functional DeSCIIPLON. ....cc.couiruiruiriintitenienteetetestet ettt ettt
29.4.1  Flash ProteCtion.........cccoueviirieiiiiiieiiiiicieieesccesescee et
29.4.2  Flash Access Protection...........cccooiviiiiiiiiiiiiiiiiiciciccic e
29.4.3 INEEITUPLS ... e e
29.4.4  Flash Operation in Low-Power Modes...........cccccvveniiniininiiniinciiciienceeenn
29.4.5  Functional Modes of OPeration............covveerieerieenieenieeniieenieeesieeeseeesieeesiee e
29.4.6  Flash Reads and Ignored WIItes.......ccccoeeuirieiiieniineniniieecicieeesiesee e
29.4.7 Read While Write (RWW)...oooiiiiiii e
29.4.8  Flash Program and Erase..........ccccoeiiiiiiiieniiinieniccitececte et
29.4.9  Flash Command OPEerations............ceceeververrererenrenenenenenesresessessessessessesensens
29.4.10 Margin Read Commands...........ccceevueriiriinieneineiieiieeeeiteieeie e
29.4.11  Flash Command DesCription........ccuervierieriiieniieniienitenie ettt
294,12 SECUIILY . ..eeuiiuieiieiieieietetete sttt ettt et sttt eae
20.4.13  RESCE SEQUEIICE. ...ccuvteutiriiiiiieriiiitete ettt ettt ettt ettt et ettt e e e

Chapter 30
EzPort

30,1 OVEIVIBW...uiiiiiiiiiiiiciieiececee ettt st sttt
30.1.1 BIOCK dIagram........coiuiiiiiiiiiieiieiieee ettt
30.1.2  FEAIUIES.c..eeiutieiieeiie ettt ettt ettt ettt ettt et e bt nee e
30.1.3  MoOdes Of OPETALION. .....ccueertiiiiriiriienieeie ettt ettt

30.2  External signal deSCTIPLIONS. ......eevveertierieeriieiitieeiee st esite ettt ettt e st et eebaeebeesanees
30.2.1  EzPort Clock (EZP_CK)...c.ooueiriiriiiirieiniiieieneiesetseeie ettt
30.2.2 EzPort Chip Select (EZP_CS)....cc.ooieviiriiiiiiiniiieneeieneeeeeeeeseee e
30.2.3 EzPort Serial Data In (EZP_D).....ccuvvviiiiiiiiieeeeeeeeeeee e
30.2.4  EzPort Serial Data Out (EZP_Q).....cccuveiiiieiieieeee e

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

24

Freescale Semiconductor, Inc.



Section number Title Page

30.3  Command defINITION.......c.coiiiiiiiiiiiiiiie e s 652
30.3.1 COMMANA AESCTIPIIONS. ... eeuteeutetieuteetiettette et et eteesteeste s et eteseeebeeatesseensesseebeesse bt enteeseenteessenseenseeseenseeneenseenes 653

30.4  Flash memory map fOr EZPOIT ACCESS. ....ccuiitiriiiiiriieieeietteteet ettt ettt ettt ettt et e e 660

Chapter 31
Cyclic Redundancy Check (CRC)

311 INEFOQUCTION. c..eiiiiiieiicit ettt ettt et ekttt et e st et e bt e b e bt ebeeb e b e saeea e b e sue et nes 663
BLILT  FRALUIES. ...t st 663
31.1.2  BIOCK QIAZIAI......eeutitieiieieet ettt ettt et ea et e e eb e et e en b e e s e e bt en b e es e e bt enbeeseenbeenbeensebeanbeeneensnans 663
31.1.3  MOAES OF OPETALION. ....eetiintiiiiiiiiiitietteie ettt ettt ettt ettt b e bttt et sa e sbeesae e bt eatesbeesbeembeesteebtesbeenbeens 664

31.2 Memory map and 1€ZISIET AESCTIPLIONS. ..c..uterutertierieeitieeteeeteetteeteestteebee sttt e beeeabeeabeeebeesabeebaeesbeensteebeesaseenbaesseenseean 664
31.2.1 CRC Data register (CRC_DATA) ...ttt ettt ettt ettt ettt este s see bt e nbeebeeneeenee 665
31.2.2  CRC Polynomial register (CRC_GPOLY )...cc.cootiiiiiiiiiniinitiiteteeteet ettt ettt 666
31.2.3 CRC Control regiSter (CRC_CTRL)..c..ueiiiiiiiiiie ittt ettt sttt ettt et st eseaesaee s 666

31.3  FUNCHIONAL AESCIIPLION. ...c..eiutitiett ettt ettt ettt ettt et e bt e a et e et e sbe e s eeseeemeeeheembeeseenaeeseen bt enee st enee st eneesseensesneensesnean 667
31.3.1 CRC initialization/relnitialiZAtION. ........c.ceiiiiuiiiiiiieieietetetee ettt 667
31.3.2  CRC CalCUIALONS. .....oviiiiiiiiiiciccc e st 668
31.3.3  TranSPOSE fRALUTE. ...c..eouieuiruirtieterieetiett ettt ettt ettt be et e b e bbbt et eae et ettt et esn et et eaenaennen 669
31.3.4  CRC 1ESUIt COMPIEIMEIL. ....eiuiiiiiiiiuiiiitiettete ettt ettt ettt ettt et eut et e bt e et e sbe et e eabesbee bt esbesbeebeenbesbaenteens 671

Chapter 32
Random Number Generator Accelerator (RNGA)

32,1 INEFOQUCTION. c..eiiiiiiiieit ettt ettt et ettt et ekttt et e a et e bt e bt bt eaeeb e b s aeeb b saeeae s 673
32.1.1 OVEIVIBW. ...ttt et b e s a bbb bbb sa et e b sa et snesae 673

R Y (o 1o (T o) )5 1<) 2 o) USSR P USSR 674
32.2.1  Entering NOrmal MOGE.........coouiiiiriiiiiiiiiniiiientee ettt ettt ettt st ettt be et sbe e beeanenaeens 674
32.2.2  ENteriNg SIEEP MOUE. ......eiiiiiiiiiiieiiie ettt ettt et e sb b e et e st e e st e e s bt e eateeabeesabeesabeessbesbeesnbeesnneens 674

32.3 Memory map and re@ister AefINItION. .. ...cc.eeuiiieriiiieie ettt ettt ettt ettt e bt tesb e et e s bt ente e b e e abeese et e eseeteeneenaeenes 675
32.3.1 RNGA Control Register (RING_CR)......couiiiiriiiiiiiieieeitesit ettt ettt st st 675
32.3.2  RNGA Status Register (RING_SR).....cc.ccoriiiiiiiiiciicreeeeee et 677
32.3.3  RNGA Entropy Register (RNG_ER).....c..cccoririmiiiriiiiiieecceeeceeete ettt 679

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 25



Section number Title Page
32.3.4  RNGA Output Register (RING_OR)........cccoiriiriiiriiieiiiieirceeeeeteee ettt 679

324 FUNCHIONAL AESCIIPLION. .....eiutitieitt ettt ettt ettt ettt ettt et et e bt e st e sbeeaeesbeeaeeebeeabeeseenaeeseenteen e e st enee bt eneesbeensesaeensesnean 680
324.1 OULPUL (OR) TEZISLRT ...ttt ettt ettt eb ettt et e a e bt bt et ea e sb b e s bt e bt esaeestesbeesbee et enaeeaee 680
3242  Core engine / CONLIOI IOZIC...c.uiiiuiiiiiiiitiiieett ettt ettt ettt ettt et e st e esbbe e bt e sabeesabesnnee e 680

32.5 Initialization/application INFOITNATION. .......eeitieriieieriiert ettt ettt ettt et et ee e et e s bt et e e e esteeseesbeebeenaeeseesseeneeeneeenee 681

Chapter 33
Analog-to-Digital Converter (ADC)

0 2 B £33 (o6 11 (<5 10 | OO OO 683
B3U101  FRALUIES. ...ttt ettt ettt et 683
33.1.2  BIOCK QRAZIAM.c...eiiiiiiieiiiie ittt ettt ettt e sa bt e bt e et e st e e sat e e bt e eab e e sabeenatesabeesabeenabeebaesabeen 684

33.2  ADC SiZNAL A@SCIIPLIONS. c..ceutieiietietteteetteeteete et e ette bt eteestesbe e bt eaeesheeaseeaseeaeeese e st emeesaeesaeemsesaeesaeenseeneesaeenaeenseeneesseenseenes 685
33.2.1 ANALOZ POWET (VDDA ettt ettt sb ettt ettt sbeesbe e b et e 686
3322 ANALOZ GTOUNA (VSSA) ...ttt ettt e b e et e s bt e e bt e st e s bt e e bt e sabeesabeenbeesabeenaeesars 686
33.2.3  Voltage REference SEIECL..........coiiiiiiieiieie ettt ettt et ettt et et e et e bt enteesee bt enteeseenaens 686
33.2.4  Analog Channel INPULS (ADX).....coueruieriiriinieitieieetee ettt ettt sttt ettt sbe ettt et e sbeenieens 687
33.2.5 Differential Analog Channel INputs (DADX)......coiuiiriiiiiiiiierieeie ettt n 687

33.3 Memory map and re@ister AefINItIONS. ... ...co.eiiuieiieieti ettt ettt ettt ettt et esae et e eseesaeebeeateeaeebeeneeseeenaeenes 687
33.3.1 ADC Status and Control Registers 1 (ADCX_SCL7).....ccceoviriiriiniiiiiniiiiiieneeeeeseee et 689
33.3.2  ADC Configuration Register 1 (ADCX_CFG1)..c..coiiiiiiiiiiiiiieieeieeteett ettt e 692
33.3.3  ADC Configuration Register 2 (ADCX_CFG2).....c.c.cceouiiiiiiiiiiiieieieteestesteteseesteste st 694
3334 ADC Data Result Register (ADCX_RM)..c..cocueiiiiiiriiiiiiiiiiiiee ettt 695
33.3.5 Compare Value RegiSters (ADCX_CVI).cc.uiiiiiiiiiiieeit ettt sttt ettt et et st 696
33.3.6 Status and Control Register 2 (ADCX_SC2)...c..i ittt sttt 697
33.3.7 Status and Control Register 3 (ADCX_SC3)..ccuiiiiriiiiiiieiieetee ettt 699
33.3.8 ADC Offset Correction Register (ADCX_OFS)...c...oiiiiiiiiiiiiieiite ettt st 701
33.3.9 ADC Plus-Side Gain Register (ADCX_PG).....ccuoiiiiiiiieiieieeeeee ettt 701
33.3.10 ADC Minus-Side Gain Register (ADCX_MG).....c..cooeeruiriiriiniiiiieieeientesit ettt sttt st 702
33.3.11 ADC Plus-Side General Calibration Value Register (ADCX_CLPD)........ccoviiiviiiniiiiiiieniieeieeniee e 702
33.3.12 ADC Plus-Side General Calibration Value Register (ADCX_CLPS)......ccccooiiiiriiiiiiienietet e 703

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

26 Freescale Semiconductor, Inc.




Section number Title Page
33.3.13 ADC Plus-Side General Calibration Value Register (ADCx_CLP4)......cccccooviiiiiiiiiiiiiieenieeeieeeieeeeeene 703
33.3.14 ADC Plus-Side General Calibration Value Register (ADCX_CLP3)......ccccoiiiiiiiiiieieieeeeceeeeeeee 704
33.3.15 ADC Plus-Side General Calibration Value Register (ADCX_CLP2).......ccceoviiniiniiniiniieiiiieeniceeeieeiens 704
33.3.16 ADC Plus-Side General Calibration Value Register (ADCX_CLP1)......ccccceeviiiiiieniiiiieeieesieeeieeeieene 705
33.3.17 ADC Plus-Side General Calibration Value Register (ADCX_CLPO).......cccoeioieiiiniinieieiieeeeeeeeeeeene 705
33.3.18 ADC Minus-Side General Calibration Value Register (ADCX_CLMD)......c.cccocerviininiininiininiineeienenn 706
33.3.19 ADC Minus-Side General Calibration Value Register (ADCX_CLMS)....cccceeviiiiiniiiniiiinieeiiieesieeeieeene 706
33.3.20 ADC Minus-Side General Calibration Value Register (ADCX_CLM4)........cccccoiiiiiniiiiiinienieeeeee e 707
33.3.21 ADC Minus-Side General Calibration Value Register (ADCX_CLM3)......cccccociimiiniiniiiinienieeieeneenees 707
33.3.22 ADC Minus-Side General Calibration Value Register (ADCX_CLM2)......ccccceeviiiiiniiiiniiieniieeniee e 708
33.3.23 ADC Minus-Side General Calibration Value Register (ADCX_CLM1)......ccccoeiiiiiiiiiiiiinieiicceeee e 708
33.3.24 ADC Minus-Side General Calibration Value Register (ADCX_CLMO)......c..cocceeniiniiriiiniicniieieenienees 709

334 FUNCHONAL AESCTIPIOMN. ..ccuuieiuiiiiieeiieeite ettt ettt et e bt e e st e ebeesab e e bt e s st e et e e sateeabeessbeeabeesbbeenbeesaeeeabeesstesnbeesnbesnseenns 709
33.4.1 Clock select and divide CONLIOL........couiiiiriieie ittt ettt ettt ettt e bt et e saeenaeenes 710
3342 VOltage referenCe SEIECTION. ....coutitiriiriietieitettet ettt ettt ettt et b ettt b et e st e bt et e ebsesbeenbesbnenbeens 711
33.4.3 Hardware trigger and channel SEIECTS........uiiuiiiiiiiiiiiiecit ettt 711
33.4.4  CONVEISION COMITOL . cuuiiiiiiiiitiiie ittt ettt ettt et e b e e et e e bt et e es e e bt emteebee b e emtees e e beensesseenbeensenseenseeneanseans 712
3345  Automatic COMPATE FUNCTION. c...evutiutieiiitieiteettet ettt ettt ettt ettt sb e et sbeetesbtesbeesbesbeebesbsenbeeanenbeens 720
33.4.6  Calibration fUNCHON. .......ceiiiiiiiiiiii e 721
33477  User-defined offSet fUNCHION. ......c..iiuiiitieiiiie ettt ettt e bt et et eeneesbeeeeens 723
33.4.8  TOIMPEIALUIE SEISOT. c...eutiteeutieuteatteteeuteetteteeuteeteenteesteettenteesteeseenbeesteeueeebeesteeaseebtenteestesbtenbeenseebsenbeensesbaenseans 724
33.49  MCU Wait MOAE OPEIALION. ... ..eeriiirtieritieiieettesteetee bt et eesiteestteebeesiteebeesabeesbtesabeesabessbeesaseenseesaseesssesseenes 725
33.4.10 MCU Normal StOp MOAE OPEIATION. ....c.ueetietieieeiiertierte et stte st eteeteesteeteeeesseenteeaseeseesteenseeneesseenteenseeseenseans 725
33.4.11 MCU Low-Power Stop MO OPETALION. .....c..eevuteiieiirtinitiniieritenitete ettt ettt e sttt eteeee st seeesaeenbeeneens 726

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 27



Section number Title Page
33.5  Initialization INfOrMAtION. ........cciiiiiiiiiiiiii et 727
33.5.1 ADC module initialiZation EXAMPIE..........cceeiieiieiieiieit ettt ettt et aee ettt b et et et eaes 727
33.0  ApPlication INTOIMALION. .....cc.viitiitirtieieeitet ettt ettt ettt ettt ettt e b e et s bt e bt eb b e bt ea b e s bt et e et s e bt eabesbeenbesbeenaeenee 729
33.6.1 External pins and TOULINE. .....ooveiiiiiiieiiie ettt ettt st sit e st e e bte e bt e ebeesateesabeesbaeenbbesabeesnbeesareenns 729
33.0.2  SOUICES OF @ITOT. .. .eeueiitieieeiieittete ettt ettt et e e e et e bt e tesb e e beeaeeebeenbeesee bt emteesee b e emseeseenbeanseeseenbeensenbeenseeneenneans 731
Chapter 34
Comparator (CMP)
R B 0313 (o 14 11 (<5 10 | OO 737
34.1.1 CIMP EALUIES. ...ttt et et sttt et e en e b e 737
34.1.2  O-DIt DAC KEY fRALUIES. ... .eeiutiiitieiiieiteeete ettt ettt ettt ettt ettt e st e st e e st e e s st e e bt e sbaesabeesabeesaneenes 738
34.1.3 ANMUX KEY FEATUIES. .....evietieitieiieetieteet ettt ettt ettt et s bt et e et e eseesbe e bt eaeesseesbeenbeeneesaeenbeeneesneenaeeneeenes 738
34.1.4 CMP, DAC and ANMUZX diQ@Iam.......cc.eeiuiriiniiiiiniiiiieieeit ettt ettt ettt ettt et et sbee et saee e 739
34.1.5 CMP DIOCK QRAZTAIM.....eeiiieiiieiteeite ettt ettt ettt et e sttt e sttt et e s bt e eabeesabeesabeessteenbtesabaeenbeesases 740
342 Memory map/re@iSter AefINIIONS. ......eeueiuiiieitieieitiete ettt ettt sttt e et e e sbe e b e sb e enbees e e teesee st eneeebeeneesaeensesneensesnean 742
34.2.1 CMP Control Register O (CMPX_CRO).....c..coouiiiiiiiiiiiiiieneeiteteee ettt 742
3422  CMP Control Register 1 (CMPX_CRI).....c.ccoeimiiiiiiiiiieiiicieeeeesteee ettt 743
3423 CMP Filter Period Register (CMPX_FPR).......cc.ooiiiiiiiiiieeee et 745
34.2.4 CMP Status and Control Register (CIMPX_SCR).....c..coceriiiiiiiniiiienieetesteeeteeeteste et 745
3425  DAC Control Register (CMPX_DACCR).......ccooeiriiiiiiiiiicieteeteeteee et 746
342.6  MUX Control Register (CMPx_MUXGCR).......cceiruiiiiiiiiieiteit ettt et saee e eneeens 747
34.3  FUNCIONAL AESCIIPLION. ..c..eeutiiiiiieiieieiitert ettt ettt ettt et ettt et s bt et e bt es b sbe et e s bt et e e bt e st e eb e et e ebe e bt eaeesbeentesbeenaesueen 748
34.3.1 CMP functional MOAES........c..ccuiiiiiiiiiiiii e e 748
34.3.2  POWET INOAES. ...ttt ettt ettt ettt et et et et e bt ea e e ea e e bt e a e e es e et e ea b e es e et e em b e es e et e enbeebee bt enbeensebeenbeeneenteans 757
34.3.3  Startup and OPETALION. ......cccuerutiriteriieiieiteett ettt ettt ettt b e bt et et sbtesbe e bt eatesbtesbeenteebeesbe e bt enbeenbesbeenteens 758
3434 LOW-PASS TIIEOT....eeiuiieiitii ittt ettt ettt ettt e et e bt e e a bt e s ab e e bt e e bt e e bt e s bee et eesabeenanee e 759
R 11 | 111 0 11 o] £ OO P TSR TRRSRPR 761
345 DIMA SUPPOTL...cenitiniiiiieitteteeite ettt et ettt e e sttt et satesbt e bt eat e sb e e bt eaeeeh e e s bt eaeeebt e s bt e bt eat e sbe e et eatesh e e bt eaeeebe e bt et e ebeenbee et eaee 761
34.6  CMP Asynchronous DIMA SUPPOTL......cc.ueeruieriteritenieetteeteette st ette sttt ebtesitesbeesatesabeessbesseesstesnseesssesnbeesssesabeesssesseenns 762
347  Digital-t0-analO@ COMVEITET . ......eiiiitieitetieite ettt ettt ettt ettt e et e bt et e e bt et e et te et e enbeeseenbeembeeseenteente st enteenee st enseeseeneeenee 763

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

28

Freescale Semiconductor, Inc.



Section number Title Page
34.8  DAC fUNCHONAL ESCIIPIION. .ecuttieuiieiitieeitteite ettt ettt ettt ettt et e e et e st e e s at e e bee e bt e sabeeshbeeabeesabeesabeesbbeenseesabeesaseeseeen 763
34.8.1 Voltage reference SOUICE SEIECE. ......ueuiiuiiitieiietieiiete ettt sttt ettt ettt e bt et e s et eteseeeaeeaean 763
3419 DA TESLLS. ...ttt sttt st b et b e bt h e e b b h b b h e b e s h b b st b e a e s a b aesa b s sa s 764
3410 DAC CLOCKS. ..cutiniiiciietctete ettt b et b ettt 764
R B D Y G 11110 11 o] £SO 764
Chapter 35
12-bit Digital-to-Analog Converter (DAC)
e T B 6315 (o 16 11 (<5 10 | OO 765
352 FRALUIES ..ottt sttt s h e et b e b et h e st b e b bbb et b b s h b bbb a e sh b e a e sa b b sa s 765
35.3  BIOCK QEAGTAIMN.....ueiiiiiiiiiiiie ettt ettt st e b e et esab e e bt e sab e e st e ea bt e sabeeabeesab e e abeaa bt e sab e e bt e e bt e sabeeabaeeabeenanean 765
354  Memory map/re@iSter AETINITION. .. ...co.iiiuietietieitiete ettt ettt ettt ettt e b et et e bt esbeebe st e saeesbeemeeemeesseeaeeneesneesseenneenee 766
354.1 DAC Data Low Register (DACX_DATAL).....coouiiiiiiiiiiiieiit ettt 768
3542  DAC Data High Register (DACX_DATIH)........ccccoveiriiiiiiiiieiiceeeeeee et 768
3543 DAC Status Register (DACX_SR)...cuiiieieiieee ettt ettt ettt et e b eae e e enes 769
3544 DAC Control Register (DACK_CO)...cueiuiiiiriiieiiieteetee ettt st sttt st st 770
354.5 DAC Control RegiSter I (DACK_C1)..eeuiiiiiieiieiiieeieeete ettt sttt sttt et s e e 771
35.4.6 DAC Control Register 2 (DACK_C2) ..ottt ettt ettt ettt ae et s aeesaeenaeeeeenes 772
35.5  FUNCIONAL AESCIIPLION. ..c..eeutiiiitieiteie ittt ettt ettt ettt et s bt et e bt et sb e et s bt e e e bt et e eb b et e ebtesbeebeesbeentesaeenaesaean 772
35.5.1 DAC data DUTTEr OPETAtION. ... .eiiiiiiiiiiieie ettt ettt ettt st e bt s bt e sabeebeesbeesaeeeass 772
35.5.2  DIMA OPCIALION. .. .ceutieutieiieetietiete ettt ete et st e et e bt eateeaee s bt e beesaesseesseebeemeeeaeesbeeneeeaeeeseenbeeneeeneenseanteenseeneenseans 774
35.5.3  RESEIS.cuiiieeet et h bbbttt et ettt sa et 774
35.54 LOW-POWET MOAE OPETALION. ....ccuiiiitiiiitiiieeiiteiiteetee sttt et e st e e st e st e ebee st e e bte s beesabeenbeeebeesaseenbsesnseenns 774
Chapter 36
Voltage Reference (VREFV1)
36.1  INEFOQUCTION. ...ttt ettt a e b s b ea e en s sa e saeea e 777
36.1.1 O VBIVIBW ...ttt ettt et ettt et et e bt et e et e bt e e e bt em bt e st e bt en e es e eme e en b e es e em et em e e es e emteemeeebeemteen e e st enteesee st eneeeneenseenes 778
30.1.2  FRALUIES. ...cuiiuiiiiiciicieeee ettt et ettt ettt a et st 778
360.1.3  MOAES Of OPCIALION. ...ccuuiiiitieriiieiitieeitteeit ettt ettt et e ettt e e e b teeabee s beeeabeesabeesabeesabeesabeesabeesaseesaseannneenns 779
36.1.4  VREF Signal DEeSCIIPLOMNS. .....c.eetiiiiiiiiititeniestente sttt sttt ettt ettt ettt a e ae st st b saenes 779

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 29




Section number Title Page

36.2 Memory Map and RegiSter DefINItION. ......coiuiiiiiiiiiiiiieiiie ettt ettt et sat e st e e sabe e st e ebeesabeenaee s 780
36.2.1  VREF Trim Register (VREF_TRM).......ccccctriiriiiniinieinieinetrte ettt sttt sttt 780
36.2.2 VREEF Status and Control Register (VREF_SC)......cccuiiiiiiiiiiiiiiniiieneceneeesteese et 781

360.3  FUNCHONAL DESCTIPLION. ....eetiiiiiieiitieiie ittt ettt s e et e st e bt e e bt e s bt e eabeesab e e b eeeabe e bbeeabeessteebtesaseenbbesnseenanean 782
36.3.1 Voltage Reference Disabled, SCIVREFEN] = 0.......cccuiiiiiiiiieiieiee et 783
36.3.2 Voltage Reference Enabled, SCIVREFEN] = 1...c.ccoiiiiiiiiiiiiiiceee sttt 783
36.3.3 Internal VOItaAZE TEZUIALOT.....c...eiiuiiiiieiiie ettt sttt ettt et e st e et e st e sabe e bt e eaeesans 784

36.4 Initialization/Application INFOIMALION. .........coitiiiiiiiiii ettt ettt ettt et sa ettt e s et e beeneeseeenaeenee 785

Chapter 37
Programmable Delay Block (PDB)

R T 615 (o 16 11 (<5 10 | OO OO 787
BT.101 FRALUIES.....cuiiiiiiieicee ettt et b et et b et et ettt ettt ettt s 787
37.1.2  IMPIEMEILALION. ...cutieiitieiitieritterite ettt ettt et e st e et e e bt e e sateeabteebeesabeesabeesabeesabe e beeensbeestesnbaesnseesabeennneenns 788
37.1.3  Back-to-back acknowledgment CONNECHIONS. .......c.ccuririririririnieieere ettt s 789
37.1.4  DAC External Trigger Input CONNECTIONS. ....c..cccueriiriiriiiiiiieiiteite ettt ettt sttt esee e st sbeesbeeaeeas 789
37.1.5 BIOCK QIAGTAIMN...c.etiiiiiiiiie ettt ettt et et e st e s bt e et e sa b e e sab e e bt e ebeeeabeesabeeaeeeats 789
37.1.6 MOAES OF OPEIALION......c.veeuiiiiuienteiietenteete sttt ettt ettt et ettt et eae et et ettt sa et e s bt sb e bt et ene et enaennenaennen 791

37.2  PDB SIZNAL AESCIIPIIONS. ¢ .evtetieiiirtteieette sttt ettt ettt ettt sttt eb e b et s bt e b e et sb e et e ebt e bt e st e eb e et e ea b e bt et e ebee bt estesbeenaeenee 791

37.3  Memory map and 1eZiSter defINTION. .......eevuiiiiiiiriiiiie ittt sttt et et e bt esate st e esabe s bt e sabeebeenaeen 791
37.3.1 Status and Control re@ister (PDBX_SC)......ccuoriiiiiiiee ettt ettt 793
37.3.2 Modulus register (PDBX_IMOD)......ccccotiriiiiiiiiiiieietee ettt ettt ettt 795
37.3.3 Counter 1eZiSter (PDBX_CINT)..c..uiiiiiiiiiiie ittt ettt st ettt ettt e be e sabe e bt e sabeenseesanean 796
37.3.4  Interrupt Delay register (PDBX_IDLY )....cccciiiniiiimiiiiiiieiene ettt 796
37.3.5 Channel n Control register 1 (PDBX_CHACT).....cccooiiiiiiiiiiiiiiiientcieeeeeeeeeestee e 797
37.3.6 Channel n Status register (PDBX_CHZS)....ccc.ooiiiiiiieee ettt s 798
37.3.7  Channel n Delay 0 register (PDBx_CHIDLY0).......ccectiiiiiiiiiiiiiiiiieteceretcteeerere st 798
37.3.8  Channel n Delay 1 register (PDBX_CHADLY 1)......cotiiiiiiiniiiiinieieieteseeeeesieeeseeste e 799
37.3.9  DAC Interval Trigger n Control register (PDBX_DACINTCH).......ccocueriiiiniinieiiieiieeieeneeeieeeee et 799
37.3.10 DAC Interval n register (PDBX_DACINT).....cccoiiiiiaiieietete ettt ettt see e ns 800

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
30 Freescale Semiconductor, Inc.



Section number Title Page
37.3.11 Pulse-Out n Enable register (PDBX_POEN)......c.cccoiitiiiiiieiiie ittt ettt e 800
37.3.12  Pulse-Out n Delay register (PDBX_PORDLY )....cccoiiiiiiiiiieieiieeeee e 801

374 FUNCIONAL AESCIIPLION. ..c..eeutiiiitieiiete ittt ettt ettt e e ettt e s bt et s bt et e s bt et e bt et e bt e s bt eb b et e ebt e bt eneesbeentesbeenaenaeen 801
37.4.1 PDB pre-trig@er and triZ@ET OULPULS. ......eeruttiieeriierttesiteettertteeteette et esteesabeesttesateesbtesasesbeesabeeseesaseenseesnsean 801
3742  PDB trigger inpUut SOUICE SEIECTION. ... ..ccuieitieiieiiieiieiiie ittt ettt ettt et et eeteeieesseesaeesbeebeeneeeseeeneenseeneeans 803
3743 PUISE-OUL'S ...ttt ettt ettt ettt ettt 803
3744  Updating the delay T@ZISIETS. ....uteruiiriieritieiieetteste et ee ettt e st et e et e st e e bt e sabeesbtesabeesabesabeesaseenatesaseesasesnseenes 804
R T 1111 0 1 1 o] £SO OSSPSR PUSRSPSRTURO 805
3740 DIMA .ottt h ettt h et a ettt b et ens 805

37.5  APPLICAION INTOTIATION. ..ccuutiiiiieiiiieiieeiteeste ettt et et e sttt e bt e sab e e bt e et e e beeeabeesateebeeeabe e baeeabeensbeebaesaseenbaesnseennnean 806
37.5.1 Impact of using the prescaler and multiplication factor on timing reSOIUtioN. .........cocueevuieriereeeieeieeiene 806

Chapter 38
FlexTimer Module (FTM)

381 INIIOAUCTION. c..eiiieiieiieit ettt st sttt ettt ettt ettt ettt eb e e at et e st e bt e bt e bt et e e bt ebeeb e ebesaeebeebesbesaenes 807
38.1.1  FleXTimer PhilOSOPRY.....cceiiiiiiiiiiiiiiietete ettt ettt et ettt ettt eabesbnenieens 807
3812 FRALUIES. ...cuiiiiiiiiiicc ettt s 808
38.1.3  MOAES OF OPEIALION......cviuiieiuieiteiietenteeterte ettt ettt ettt sttt b e et a ettt et et sa et s bt sb e bt e st ene et enaennenaennes 809
38.1.4  BIOCK QIAZIAIMN......eiutiiiiiieiieetteieeet ettt ettt ettt ettt b ettt b e b et eb b e bt et ebae bt eabeebae bt enbesbnenaeens 810

38.2  FTM SIZNAL AESCIIPLIONS. . eeuutteiteetieetieetteette ettt e sttt e sttt e sube ettt ebteeabeesabeeeabeesabeesseeessbeesteaabbeeaseesabeeenbeesabeessbeensteensneenseean 812

38.3 Memory map and re@ister AefINItION. ......co.eeiuiiieiiiiiete ettt ettt ettt et e ee bt et e s bt et e bt e beeb et e e st et e eneeneeenee 812
38.3.1 IMIEIMOTY TIAP .. etevtenteeiteettete ettt ettt ettt ettt et e ht ettt e bt e bt et eb e e bt eat e eb e s bt e st e h e e sbe et e bt e sbeemteebtesbee bt eseenaeeneeeaee 812
38.3.2  REGISIET AESCIIPIIONS. c.eeeutititieeiiieritt et et et e et ettt et e st e sttt e bt e st e e sabeesabeeabtesabeeeabeebeeenstesabeesabeeseeebaesnseens 813
38.3.3 Status And Control (FTIMX_SC)....oei oot e e ettt e e e e e ettt e a e e e e eeeaaraereeeeeeennees 818
38.3.4 CoUNET (FTIMX_CINT) ..ot ettt e ettt e ettt e et e e e eab e e e eeabseeetsaeeetseeeeaseeeeasaeeeaseeaas 819
38.3.5  Modulo (FTMX_MOD).. ..ottt ettt 820
38.3.6 Channel (n) Status And Control (FTMX_CHSC)...c.uviiieieeeeeeeeeeeeeee e 821
38.3.7 Channel () Value (FTIMX_CRV ) .....oiiiiiiieeeee ettt ettt e et e e et e e s ta e e eeaaseeeasaeeeaseeans 824
38.3.8 Counter Initial Value (FTMX_CNTIIN)......couiiieiieeiieee ettt ee e e e e eetae e e e e e eeaaaeeeeeeeas 824
38.3.9  Capture And Compare Status (FTMX_STATUS)....c..cceoiimimiinininenieeeeeieeeee ettt 825

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 31



Section number Title Page
38.3.10 Features Mode Selection (FTMX_MODE).........ccuviiiiiiiiiiiieeeee et 827
38.3.11  Synchronization (FTIMX_SYNC) .. ..ottt ettt sttt ettt st e ettt et e esee bt et e entesseeneens 829
38.3.12 Initial State For Channels Output (FTMxX_OUTINIT).....ccccoceriiiriimiiiineiieiieieresieeesteie et 831
38.3.13  Output Mask (FTMX_OUTMASK).......ccoriieiieintieeieeeeesetee ettt 832
38.3.14  Function For Linked Channels (FTMx_COMBINE)...........ccouiiiiiiiieie e 834
38.3.15 Deadtime Insertion Control (FTMx_DEADTIME)...........cooiiiiiiiiiiieiiee e 839
38.3.16 FTM External Trigger (FTMX_EXTTRIG)......ccccoiiiiiiiiiiiiiieeitesieeste ettt st 840
38.3.17  Channels Polarity (FTIMX_POL)........ccutiiiiiiiieiieeee ettt sttt ettt ettt eseesbeenbeeneeneens 842
38.3.18 Fault Mode Status (FTIMX_FIMS).......oooiiiiiiiiii ettt ettt e e ta e e eab e e e s teeeeaseeeeaneas 844
38.3.19  Input Capture Filter Control (FTMX_FILTER)........ccccutiiiiiiiiiiiitiiieesieesiteeee ettt st 846
38.3.20  Fault Control (FTMx_FLTCTRL)......ccccctiiiiiriiietiieet ettt 847
38.3.21 Quadrature Decoder Control And Status (FTMx_QDCTRL).........ccooiiiiioiiiiiiiieeiee e 850
38.3.22  Configuration (FTMX_CONEF).......ccoiiiiiiiiiiiiicicieesee ettt 852
38.3.23  FTM Fault Input Polarity (FTMX_FLTPOL)........cccectrttiiiiriinieinieireettesie ettt 853
38.3.24  Synchronization Configuration (FTMX_SYNCONF)......c.cccoctiriiriiriniinieienteeeesie et 854
38.3.25 FTM Inverting Control (FTMX_INVCTRL).....cccceoiiiiiiitiieie ettt sttt 856
38.3.26  FTM Software Output Control (FTMX_SWOUCTRL).......ccccteiiiiiiieiee ettt 857
38.3.27 FTM PWM Load (FTMX_PWMLOAD)........cccccttimieiiiniiiiintctetniet ettt ettt 860

38.4  FUNCHONAL AESCTIPIIOMN. ..ccuuiiiiiiiiieeiieette ettt ettt ettt et e st e bt e s bt e e bt eeabeea bt e sabesabeesabeeaseesbbeenbee bt e eabeessbesabeesnbesnseenes 861
38.4.1 CLOCK SOUICER. ...ttt ettt ettt ettt et e h e et e e e et et e s e te bt e aee e bt embees e e bt esseebeembeeseenteenee bt enbeeaeanteeneenneenes 862
3842 PIESCALT ..ottt ettt st 863
3843 COUMLBT ... ettt e e s 863
3844  INPUL CAPLUIE MOAE. ......eouiriiriieiiriiitieterte sttt sttt ettt ettt ettt et e et eat e bt e bt e bttt ebesaesbeebesaesaenes 869
38.4.5  Output COMPATE MIOAC. ...cu.eeuiiriiiiieiieitietiete ettt ettt ettt ettt bt et e bt ebeesbe e bt es e esbeesbeeabeebeenbeenbeebeenbeensesbaenseans 872
38.4.6  Edge-Aligned PWM (EPWM) MOME........ccooirieiiriiiiiiiiiiiiiieiriteestceie et 873
38.4.7 Center-Aligned PWM (CPWM) MOME.........coouiiiiiiiiie ettt ettt ettt e et e 875
38.4.8  COMDINE MOUE.......oouiiiiiiiiiiiiiiieiiciee ettt et et et ettt s 877
38.4.9  CoOmMPIEMENTATY TNOUE. .....eiitiiiiieritieiteeite ettt ettt e st e st e bt e et e e sttt e sa b e ebeesabeesabe e beeenbeesabeesabeensteebaesnneens 884

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

32

Freescale Semiconductor, Inc.



Section number Title Page
38.4.10 Registers updated from Write DUITETS.........ooiuiiiiiiiiii e 885
38.4. 11  PWM SYNCHIONIZATION. .. .cueitieiiietieieeteeteettet ettt ettt et et est e bt et eete et e e st ebesaeebeese e beeseebeassenbeeneenseeneenseenes 887
38412 TIIVEITINE. ettt ettt ettt ettt et e bttt e a e bt et e e bt b e et e e b e bt ea bt eb b e bt e b e ebb e bt en bt e bt e bt et e ebaenheens 903
38.4.13  SOftWare OULPUL CONIOL....ccuuiiiiiiiiiiie ittt ettt ettt ettt e st e bt e st e e bt esabeesbteeabeesabeeabeesabeenseesabeessbesnseenns 904
38.4.14  DeadtiMme INSEITION. ....eeuveiuietieteeite ettt et etteste et eatestte bt eatesueesaeenteeseesseenteeseeeseenseenteeseeaseenseenseeseenteenseeseanseans 906
384,15  OULPUL TNASK.c..eentiiiiiiiiiiiete ettt ettt ettt ettt ea bbbt et e bt e bt et e bt e sbe et e eabesbe e bt enbesbaenbeens 909
38.4.16  Fault CONLIOL.....ocuiiiiiiiiiiiiiiiiiic et s 910
38.4.17  POIATILY CONLIOL....eiuiiiiiiiiiiiiiitieieeit ettt sttt ettt ettt ettt ettt et a e bbbt et sae st e b saesaenes 913
38418  INIHALIZALION. ....cuiiuiiiiiiieiieiieiet ettt s e b e et ettt s 914
38.4.19  FEAIUTES PIIOTILY c.uveerutieritieitieeiteette ettt e sttt et e e et ee sttt esateebteeabeesateesabeebeeeabeeeabeessbeestesabeeenbeesaseesabeanseeenbaennneens 914
38.4.20  Channel triZZET OULPUL......c.cetireiertirtente ettt ettt sttt ettt ettt sae et eat bt s et e sa et e saeeae et eneennenaennes 915
38.4.21  INIAlIZAtION TIIZEET..c..eetieitiiieiientieie sttt ettt ettt ettt et s b et s bt ebe s bt e bt ebbesbeeb b e b e ebe e bt eseenbeenee 916
38.4.22  Capture TSt MIOMEC. ....ccuuieiuiiiriiieiieeite ettt ettt ettt e et e e st e e st e e bt e e ateeabeeeabeesateesabeenbteebbesnbeesnbeesaneenns 918
38423 DIMA ..tttk bbb bbbkt h bbbt h et s bbb st b et a et enes 919
38.4.24 Dual Edge Capture MOME..........ccueeuiriiriiiiiiieiienieeie ettt ettt ettt sttt st sttt ebeesbe e bt eabesbeenieens 920
38.4.25 Quadrature DECOAEr MOME. ........cccuviieiiiiieeiiii e ettt e ettt e ettt e e steeeesbaeeeebaeeesstbeeesssseeeassseeeasssaeeessseaeassseesnsses 927
38420 BDIM IMOME.....c.eiuiiitiieiiieiietet ettt ettt bbbt h bbbt h bbbttt b et bbbt nes 932
38.4.27  Intermediate 10ad.......c.couiiiiiiiiiiiiiiieiie et 933
38.4.28  Global time base (GTB).........ccueuiriiiriiiriiiei ettt ettt 935

38.5  RESEE OVEIVIEW....ueitieuieiiietieiteettet et e bt e e et en b e ete et e eae e et e eme e ea e e bt eaeeeaeemeeeaee bt emeeeseemseeseenseem e e bt emseeseenbeessenbeenseeseenseeneenaeenes 937

38.0  FTIM INEETTUPLS. .cueettenieitieteeitestt et ettt ettt ettt ettt bttt ebt e et eh e s bt e st s bt e bt e bt e s bt et e sb e e bt eb b e bt eabeeb e ea bt et s e bt eabesbeenteebeeaeenee 938
38.6.1 Timer OVETTlOW INLETTUPL.....coouiiiiiiiieeieite ettt et et b e e st et esabeenbeesabeenbeesaee s 939
38.6.2 Channel (1) TNEETTUPL. ....c.eeieeiteet ettt ettt sttt et b et s b et e st e bt e st e s bt enbeeste bt enteebeeneeeneenaeenes 939
38.0.3  FaUIt INTETTUPL.....eeniiiiiiiiieiieette ettt b e bt et a e s bt e s bt e bt et e bt sbeesbe e bt ebteebtesbeenbens 939

38.7  Initialization PrOCEAUIE............ccoiiiiiiiiiiiiiici e 939

Chapter 39
Periodic Interrupt Timer (PIT)

39,1 INEFOAUCTION. ...ttt s e b s ea e ea e b ea e ea b e ea e 941

39.1.1 BIOCK QIAZIAIM ... euiniiiiiiiiciereetes ettt ettt ettt ettt et ettt ettt et et sa et besa et benaenn 941

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 33



Section number Title Page
30.1.2  FRALUIES....cviiiiiiiiiici ettt s 942
39.2  SIZNAL AESCTIPHION. .. .etiiiiitiieteiteitet ettt ettt sttt sttt et et ettt e b e bbbt bt bt sa e sttt e e et et et eseeatenteseebeebesaeeaenes 942
39.3  Memory mMap/re@iSter AESCIIPLION. ......ivutitiritirtietietteett ettt ettt ettt ettt et et esbe et eatesbe e bt eatesbeenteeatesbee bt eseesbeenaeenee 943
39.3.1 PIT Module Control Register (PIT_MOCR)........coiiiiiiiiiiiiiieeiie ettt et st 943
39.3.2  Timer Load Value Register (PIT_LDVALR)......cccoiiiiiiieieest ettt 945
39.3.3 Current Timer Value Register (PIT_CVALZ)....c..cooiiiiiiiiiiiceceeeeteteeee et 945
3934 Timer Control Register (PIT_TCTRIL).....cccueiiuiiiieieeiieee ettt e 946
39.3.5  Timer Flag Register (PIT_TFLGI)......ccccociiiiiiiriiiieretceneeteesetese sttt st s 946
39.4  FUNCIONAL AESCIIPLION. ..c..eiutiiiiiiettete ittt ettt ettt ettt et s bt st e s bt es b e s bt et s bt et e e bt et e eb e et e ebe e bt emtesbeentesbeenaesbeen 947
39.4.1 GENETAL OPETALION. ...cuutiiuiieeitieittt ettt ettt et e bttt e et e s bt e et e s it e e sbbeeabeesabeesate e baeeabeesaeeebtesabeesaseeaeenases 947
39.4.2  IIEETTUPES. ..ttt et ettt et h e e et a et e e e e e a e e bt e e e e s e e eh e e et e e aeeebe et e eaeeene et e et e eaeeaeas 949
39.4.3  CRAINEd LIMETS...c..eiuiiiiiiiiiiiiierieteee ettt ettt et bbb eb ettt e s sae s 949
39.5 Initialization and application INFOTMALION. ........cccueiiiiiiiiierieeie ettt ettt ettt e satesabeesabesabee e 949
39.6 Example configuration for Chain@d tIMETS.......c..cvuivuiriiriiriiriiieieieiet ettt ettt s n e 950
Chapter 40
Low-Power Timer (LPTMR)
L0 T 113 o L1 et (o) OO OSSR PRSPPI 953
AO.T.T  FRAIUIES ..ttt ettt s b e s b s h e b e e bbbt ettt ettt ettt st besae e 953
40.1.2  MOAES OF OPETALION. ....ccuvtieiiiiiiieeiieette et ettt ettt et e sttt e bt e e bt e e bt e sabeesabeesabeesabeeeabeessbe e steenbaeenseesabeeenseesases 953
40.2  LPTMR SiZNAl ESCIIPLIONS. .. .eoterutrtieiieiieiieiieitetet et et sttt ettt ettt ettt ettt et et sttt e s bt sbe bt e bt ebeeatenteas et e s ennenaenenee 954
40.2.1 Detailed Signal deSCIIPLIONS. ..c...eiutirtiirieriiiieneete ettt ettt ettt ebe et st sbe e i enee e 954
40.3 Memory map and re@iSter AefINTOMN. .......evuiiiiieiiieitie ettt st et eb e s bt e e bt e bt e s bt e sabesabeesabeenbee e 954
40.3.1 Low Power Timer Control Status Register (LPTMRX_CSR).....cccooiiiiiiiiiiiiiieeeeeee e 955
40.3.2  Low Power Timer Prescale Register (LPTMRX_PSR).....cccccociiiiiiiniiiiiiiniiiicctcceecee e 956
40.3.3  Low Power Timer Compare Register (LPTMRX_CMR)......c.ccoviiiiiiiiiiiiiiiiiieeceeeeeceee e 958
40.3.4  Low Power Timer Counter Register (LPTMRX_CNR)........cooiiiiiiiiiiiiiinieieee e 958
40.4  FUNCUONAL AESCTIPIION. c..cutiiieitieiieteette ettt ettt ettt ettt ettt bttt eb e e bt ea e sb e e st e s bt eatesbeeabe s bt esbesbeenbeebt et e ebeenaeebeenaeenee 959
40.4.1 LPTMR POWET QNA TESEL......veeutiiiutieeiiieitieeiite et te st et ettt eitesateesateesbteebeesabeesabeesateebbesnbeesateesssesseesnbeesareenns 959
40.4.2  LPTMR CIOCKINE.....ctetiiiieiieiieiteitett ettt sttt ettt ettt et s sa et a ettt eae bt eaeebe b e 959

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

34 Freescale Semiconductor, Inc.




Section number Title Page
40.4.3  LPTMR prescaler/GItCh filter........ouuiiiiiiiiiiiie ettt ettt ettt e et 959
40.4.4  LPTMR COMPATE.....c.oiiiiiiiiiiiiie ittt et st st st e b e e b e e ae e e e eae e e st e saeeanes 961
40.4.5  LPTMR COUNTET......ocuiiiiiiiiiiiiiiiieieieteetee sttt sttt ettt st s ae et ebe et ess e s aenesaea 961
40.4.6  LPTMR hardWare tri@ZET.......eeiuueeiieriiieiteettesteesite et e st et e st esate e bt e sabeesbteebtesabeesbbeenbeesabeesabeeaseesabeenseesases 962
40.4.7  LPTMR INEEITUPL. ¢ cetteuiiitteieeteeteeite ettt et et eet et e este et e ente et e e et eatebeeaeebeesee b e emte bt enteeseenseeseanseeneenseeneenaeaneas 962

Chapter 41
Real Time Clock (RTC)

L B 113 o L1 s (o) WO OO OSSR URRRRRSRRPRTII 963
G111 FRAIUIES ..ottt e b s s h e bbbt bt et et ettt ettt a et besae e 963
41.1.2 MOAES OF OPETALION. ....ccuveieiiieiiieeitieette et ettt ettt ettt et e sttt e bt e eabee s beesabeesabeesabeesabeesabeessbeensteenbaeenseesabeeenseesases 963
41.1.3  RTC SIZNAl AESCIIPLIONS. ....eviiieiieiieiteiteiietetetet et sttt sttt sttt sae bttt et et e oot essensensenaessennenuens 964

41.2  ReISTET AEIIMITION. ...cutitiiitiitietieiteet ettt ettt bt et e bttt e a e b e e st e s bt e st s bt eab e s bt e st e s bt en b e eb e et e eb e e bt ebeenaeenee 965
41.2.1 RTC Time Seconds Register (RTC_TSR)......coiuiiiiiiiiiiiiieeeeee ettt 965
41.2.2 RTC Time Prescaler Register (RTC_TPR)......ccoeiiiiiiiiieieeeeeee e 966
41.2.3 RTC Time Alarm Register (RTC_TAR)......coctiriiiiiiieniinteeee ettt sttt et 966
41.2.4  RTC Time Compensation Register (RTC_TCR).......ccoouiiriiiiiiiiiiiieiieeieeseee ettt 967
41.2.5 RTC Control Register (RTC_CR)....cc.iiiiiieiiiieiieiee ettt ettt ettt et sae e sae s 968
41.2.6 RTC Status Register (RTC_SR).....coiiiiiiiiiiit ittt sttt e 970
41.2.7  RTC Lock Register (RTC_LR).....c.ccccoiriiiiiiriiiieinienieereeet ettt 971
41.2.8  RTC Interrupt Enable Register (RTC_IER).....cccoeriiiiiiiiiiiiiiiiicinencreeeeseeceteeeeree et e 972
41.2.9 RTC Write Access Register (RTC_WAR)....c.cooiiiiiiiiiiietee et 973
41.2.10 RTC Read Access Register (RTC_RAR).......oiiiiiiiiiiiieiit ettt 974

41.3  FUNCtiONal ESCIIPION. ....c.eeuiiuiiiiiiiitiitieteite sttt ettt ettt et ettt s ae sttt et s et e s et e st ebe e bt ebeeue b ebesaeeae b ee 976
41.3.1 Power, CLOCKING, QA TESL........ooutiiieiieitiiteit ettt ettt et ettt st sbe e e 976
41.3.2 TIMIE COUNET ..ottt et st e bbbt e b e saesaeaesae e 977
41.3.3  COMPENSALION. 1.ttt ettt ettt et st ettt et ettt es e e bt eatebe et e s bt sae et e bt se et e b et e e essententeneeneeneeaeebeeuenae 978
41.3.4  TIME ALAIIL ..ottt ettt s b e e b sh e bt et et ettt e e se e sae e 978
41.3.5 UPDAALE TNOAE. ...ttt ettt ettt e st et e bt e bt e sab e e s st e e sat e e bt e eabeesabaeeabeessbeensteenbaeenseesates 979
41.3.0 REZISIEI LOCK. .. e vttt ettt sttt ettt ettt be ettt et ebe et eenenaen 979

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 35



Section number Title Page
41377 ACCESS CONLIOL....iuiiiiiiiiiiiiieictc ettt a e s 979
41.3.8  IMEEITUPL. ..t sttt e st e a e s b e et e e b e e b e e en e 979

Chapter 42
Universal Serial Bus Full Speed OTG Controller (USBFSOTG)

L N 1113 (o L1 s (o) WO OO OSSR URUSRSRRPTI 981
211 USBo ettt b e e h b b e bbb s a et s eb e s 981
42.1.2 USB OnN-TRE-GO. e s 982
42.1.3 USBES FRALUIES......eeutiiiieeiieeitt ettt ettt ettt e s e b et s bt e e bt e b e e et e e sat e e nbteeabeesateenneesane 983

42.2  FUNCHONAL AESCTIPIION. c..cutitieatieitite ettt ettt ettt ettt ettt ettt et ebt et eb et ea e e sb e e st e s bt eate s bt eabeebeesbe s bt enbeebe et e ebee bt ebeenaeeae 983
42.2.1 DA STIUCTUIES. .....ueiiiiiiiiiiiiii e s sa e st e b b e sae et e snesae 983

423 Programmers INEEITACE. .......c.ccuirtirtirtititetentetert ettt ettt ettt ettt a e sttt be e b b sa et e nae st et e sae st e b e sae e ne e 984
42.3.1 Buffer DesCriptor TabIe. .....c..couiiiiiiiiiiireee ettt sttt sttt 984
42.3.2  RXvs. TX as a USB target device Or USB hOSt......cccuiiiiiiiiiiiiiiiecit ettt 985
4233 Addressing BDT @NIIES.......cceruiriireririinieriesteeiese sttt sttt sttt st sa et sbe e ae b et nbe et snenaen 986
4234 Buffer Descriptors (BIDS)......ooueiuiiieriieiierie ettt ettt ettt ettt 986
42.3.5  USB frANSACTION. .....ouiiiiiiiiiiiiiiieicie st st s 989

42.4  Memory map/RegiSter defINITIONS. ......couiruieiririiiieieietet ettt ettt ettt sa bbbttt e naene e 991
42.4.1 Peripheral ID register (USBX_PERID).......ccccoiuiiiiiiiiiiiiie ittt 993
42.4.2  Peripheral ID Complement register (USBX_IDCOMP)........ccocuiiiiiiiiiiiiiiiiiieseeeee e 994
42.43  Peripheral Revision register (USBX_REV).....ccccoiiiiiiiiiiiiiiiiiiccceceeeeseete et 994
4244  Peripheral Additional Info register (USBX_ADDINFO).........cccccovtiriiniiniiniinientenieeeeeeie e 995
42.4.5 OTG Interrupt Status register (USBX_OTGISTAT).....cooiiiiiiiieieeiteeest et 995
42.4.6  OTG Interrupt Control register (USBX_OTGICR)........ccccoiriririiiiiiiiienieeeececeeeieneete e 996
42.4.7 OTG Status register (USBX_OTGSTAT)...ccutiiiiiiiiieeeteee ettt st st 997
4248 OTG Control register (USBX_OTGCTL)....cccutiiiiiiiiiiiieeiie ettt ettt st 998
4249  Interrupt Status register (USBX_ISTAT)...cccooiiiiiiiiiiiiiieeccereee ettt 999
42.4.10 Interrupt Enable register (USBX_INTEN).....c..ccoctiiiiiiiiiiiiientctet ettt 1000
42.4.11  Error Interrupt Status register (USBX_ERRSTAT)....ccocuiiiiiiiiiieeecete e 1001
42.4.12  Error Interrupt Enable register (USBX_ERREN).......cccooiiiiiiiiiiiieee et 1002

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

36

Freescale Semiconductor, Inc.



Section number Title Page
42.4.13  Status 1e@ISEr (USBX_STAT).ccuiiiiieiiieie ettt sttt et st et e b e s e e bt e sabeesaneeabes 1004
42.4.14  Control re@iSter (USBX_CTL).....coiiiiiiiiieeeeett ettt ettt es ettt e b et eneesaeenee 1005
42.4.15  Address register (USBX_ADDR)....c..cooiiiiiiiiiiiiieiteeeee sttt ettt ettt st 1006
42.4.16 BDT Page register 1 (USBX_BDTPAGEL)......ccccoiiiiiiiiiiieeiieeeeeteete ettt sttt s 1007
42.4.17 Frame Number register Low (USBX_FRMNUML)........ccccoiiiiiiiiiiiieie et 1007
42.4.18 Frame Number register High (USBXx_FRMNUMH)......c..cocoiiiiiiiniiniiniinienteniete et 1008
42.4.19  Token register (USBX_TOKEN)......ccooutiiiiiiiiieiie ettt sttt ettt e s e s e 1008
42.4.20 SOF Threshold register (USBX_SOFTHLD)........ccccteiiiiiiiitie ettt 1009
42.4.21 BDT Page Register 2 (USBX_BDTPAGE2)......c.cccociiiiiiiiiiiintet ettt 1010
42.4.22 BDT Page Register 3 (USBx_BDTPAGE3).......ccccccoiiiiiiiiiineieeeereeeeeee et 1010
42.4.23  Endpoint Control register (USBX_ENDPT).......cocooiiiiiiiiiieeee e 1011
42.4.24  USB Control register (USBX_USBCTRL)......ccctiitiiiiiiiitiitieeteetesteete ettt 1012
42.4.25 USB OTG Observe register (USBX_OBSERVE).........cccciiiiiiiiiiiiiieneeeeeeeee e 1013
42.4.26 USB OTG Control register (USBx_CONTROL)......c..ccectririiiiinieiiireietee ettt 1013
42.4.27 USB Transceiver Control register 0 (USBx_USBTRCO)......cccccociriimiiiiiiiriinienieeccce e 1014
42.4.28 Frame Adjust Register (USBX_USBFRMADIJUST).....cccccoiiniiiiiiiirinieineeeeeeee e 1015
42.4.29 USB Clock recovery control (USBx_CLK_RECOVER_CTRL)......ccccooiiiiiiiiienieiieeee e 1016
42.4.30 IRC48M oscillator enable register (USBx_CLK_RECOVER_IRC_EN)....c...ccocceviiniiniiinniiiniiienieneen 1017
42.4.31 Clock recovery combined interrupt enable (USBx_CLK_RECOVER_INT_EN)......ccccccceviiiiniieeniieennee. 1018
42.4.32  Clock recovery separated interrupt status (USBx_CLK_RECOVER_INT_STATUS).....ccccecovirviiinurannne. 1018

42.5  OTG and HOSt MOAE OPEIALION. ....euvitteutieitirtieteeiteett ettt ettt ettt ettt eabe bt eb e ee b e sbe et e eabesbeesbeebbesbeenbeeanesbeenbesbnenbeens 1019

42.6  Host Mode Operation EXAMPIES.......c.ceeuiiriiiiiiiiiieie ettt ettt ettt e st et e sabeesabeebeessbeesatesnbaeenbeessseenatesnseees 1020

427 ON-TRE-GO OPCIATION. ....euttiueeteeiieitiett ettt ete et et e et et e eateeteeate et e et e eaee et e eneeesee bt eseeeaeeaeesseensesaeeabeemtesseenseaseeseeseenseensenseans 1023
42.7.1 OTG dual role A deVICE OPETALION. ......cueiiiriiiriiiiieiierttete ettt ettt ettt ettt et et e bt et sae e et et e saeeaeeaee 1023
42.7.2  OTG dual 10le B deViCe OPETAION. ..c..ueiriiiiiiieiieeite ettt ettt ettt et ettt e st e st e e s it e e sbbeesseeeabeeenseesares 1025

42.8  Device MOAe TRCASE OPETALION. ......ccueeuiirtieieetieteetiete ettt et e te s teeete e bt eate s bt eate e bt enteeseenteesee st eseesseeneesseeneesneensesseensenseans 1026

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 37



Section number Title Page
Chapter 43
USB Voltage Regulator (VREG)
431 INEOAUCHION. ....cuiiiiiiiieicie ettt st e ettt ettt et et ettt e bbbt eaeebe b sae et ne e 1029
43.1.1 OVEIVIBW. ...ttt st st b b e b s sa b bbb sa et e b sa et e snesae 1029
A3.1.2  FRALUTES. ..cutiiiieteiie ettt ettt e b ettt e e a e e bt et e e e et e s at e e bt e e b et et e e e a e e eb b e e bt e et eeat e e bt e e neenanee 1030
43.1.3  MOAES Of OPETALION. ....ceuvtiniieuiieitieiteettentt ettt ettt ettt et et et sheesbe et e eateeate e bt esbee bt enbeeabesaaesbeesbeenbeebeeneeeaee 1031
43.2  USB Voltage Regulator Module Signal DeSCIIPiONS. ......cccueiruieiriieriitiiie ettt ettt e steestte st e sbeesieesbaeesitessbaeesineenes 1031
Chapter 44
Serial Peripheral Interface (SPI)
441 INEOAUCTION. ...ttt ettt a e s e ea e ea e 1033
44.1.1 |23 10Te1 QB 2 2 | FO OO SURRPRSRT 1033
412 FRAIUIES...c.eitiiiitietieee ettt st b e s a e b e s h bbb ettt ettt e ettt sae e 1034
44.1.3 INterface CONTIGUIALIONS. . c...eiiuiiiiieiite ettt sttt et et e bt e e bt e e bt e e bt e sabaeebeesabeeenbeesans 1036
44. 1.4 MOAES Of OPCIALION. ... cetteiietieueietieetiestt et et eeteetee et eestee bt eteeaeesateeaee st anteembeeaeeeseeseanseenbeemtesseesneenseeseeneeenes 1036
442 Module SIZNAl AESCTIPIIONS. ...vetieutiritirtteteeiteeit ettt ettt ettt sttt et s bt e st e et ea e sbe et e e st e ebeesaeeateebeesbe et e eutesbeebeestesbaebeens 1038
44.2.1 PCS0/SS—Peripheral Chip Select/SIave SEIECT........covuiiriiiiiiiiiieiieeeereee e 1038
4422 PCSI1-PCS3—Peripheral Chip Selects 1=3......cc.ccccoiririririniniiieene ettt 1039
44.2.3  PCS4—Peripheral Chip SEIECT 4......cuoimiiiiiiiiiiieiieeee ettt ettt s 1039
4424  PCS5/PCSS—Peripheral Chip Select 5/Peripheral Chip Select Strobe..........ccovcvvevieriiiinieniieinieiieeeeneen 1039
44.2.5  SCEKSEIIal CIOCK. ....irtiuirtiiitirieiistetete ettt sttt b et bttt et b e sttt be sttt be e 1039
44.2.6  SIN-=SEIIal INPUL.c..eiiiiiiiiiiiiietee ettt et et b et e bt et et e sbtesbe e bt e e et eaee 1039
44277 SOUT—SErI1al OULPUL......eneviiciiiiiieteiete ettt sttt sttt st 1040
44.3  Memory Map/Register DEfiNItION. .....ccueiuietirietietiett ettt ettt ettt et e et e b e e st e et eseesaeeseesaeeneesneensesbeenseeseans 1040
44.3.1 Module Configuration Register (SPLX_IMOCR)......cccccociriiriimiiiiiiieciece ettt 1042
4432 Transfer Count Register (SPIX_TCR)....c...coiiiiiiiiiiieie ettt e 1045
4433 Clock and Transfer Attributes Register (In Master Mode) (SPIx_CTARR)......ccccoecuieiiiiiiniinieieiee 1045
4434 Clock and Transfer Attributes Register (In Slave Mode) (SPIx_CTAR#n_SLAVE)....cccccociiniiniinncnne. 1050
4435 Status Re@iSter (SPIX_SR).....cooiiiiiiiiitee ettt ettt et ettt e bt e e bt e e aeeeaee s 1052
443.6  DMA/Interrupt Request Select and Enable Register (SPIx_RSER)........ccccocoiiiiiiiiiiiiiiiee 1055
K22F Sub-Family Reference Manual , Rev. 3, 7/2014
38 Freescale Semiconductor, Inc.



Section number Title Page
44.3.7 PUSH TX FIFO Register In Master Mode (SPLx_PUSHR)........ccccceiriiiiiiiiiiiieeeeee e 1057
44.3.8  PUSH TX FIFO Register In Slave Mode (SPIx_PUSHR_SLAVE)......ccccccviiniiniinineneneeeeeee 1058
44.3.9  POP RX FIFO Register (SPIx_POPR)........cccectriiimiinieinieinciniencete ettt 1059
44.3.10 Transmit FIFO Registers (SPLX_TXEFR)......cccoritiiiiiiiiiieeie ettt st s 1060
44.3.11 Receive FIFO Registers (SPLX_RXFRI)........ccutiiiiiiiiiiieieee ettt s 1060
444 FUNCHONAL AESCTIPIION. c..cutiiieiiieitite ettt ettt ettt ettt ettt ettt et e bt et eh e et eb e e sb e e st e sbeeatesbeestesbeesbesbeenbeebe et e ebeenteebeenaeeaee 1061
44.4.1 Start and Stop of MOAULE trANSTETS. ...ccc.eiiiuiiiiiiii ettt et e e s 1062
4442  Serial Peripheral Interface (SPI) CONfIGUIAtioN. .......cc.oiiiiiiiiiiiiiieieiiee e 1062
4443  Module baud rate and clock delay Zeneration.........c...coverierieriiniiniiniieieeeee ettt 1066
44.4.4  Transfer fOIMALS.........ocooiiiiiiiiiiii e s 1070
44.4.5  Continuous Serial Communications CIOCK...........ccuiiiiiiiiiiiiiiee e 1075
44.4.6  Slave Mode Operation CONSIIAIINLS. .....ceverterterteerterieeiterteenteett et ette st esbeeteeabesttesteesbeebeesaesstesbeesbeenaeeneesnne 1076
44477 INETTUPLS/DIMA TEQUESES. .. .veeutieriiieiieete ettt ettt et e sttt e sttt eb e e st e eabeesabeebee sttt e beeesteeabeesabesnbeesaseebeenneean 1077
44.4.8  POWET SAVING FEAIUIES. .....cviriirtiitiitietieiieitetetete ettt ettt sttt ettt ettt be ettt ebeeae oo eennenaens 1079
44.5 Initialization/application INOIMALION. ......c..cevuiiiiiiiiiiii ittt ettt ettt sttt et sae e bt et saeesbeebeens 1080
44.5.1 HOW 10 MANAZE QUEUES. ....ecutiiiniieeitieiiiteeiie ettt ettt ettt e st e sttt ettt e sbee s bt e sabeeeabeesabeesabeesbbeebtesabaeenseenases 1080
4452  Switching Master and SIAVE MOME........c..eeiuiiiiiiiiiiiieteie ettt et ettt et et et e e e naeenee 1081
44.5.3  Initializing Module in Master/S1ave MOAES..........coueeiiriiriiniiniinieeieeeetee ettt ettt 1081
4454 BaUd 1At SELUIMES. ..eeuueerutieriieeitieetieete ettt erttesateesteesate e baeeabeesateessteaabeesabeessseenbeeebeesabeesabeebtesabtesabeensseeseesases 1082
e T T B 1Y 2 N 411 VOO PRP PSRRI 1082
44.5.6  Calculation of FIFO pOINter addreSSes.......couuiueriirtiriiniiriinieeie sttt sttt ettt ettt e e sreenaeeaees 1083
Chapter 45
Inter-Integrated Circuit (12C)
45.1  INEOAUCHION. ....cutiiiiiiieicietc ettt sttt ettt et ettt ettt b e eat st eb e eaeebe b e sae et ne e 1087
A5.1.1  FAMUIES ...ttt ettt a e s 1087
45.1.2  MOAES Of OPEIALION. ...c.ueitietietieiteeiteette st et et te st e et ete e st e eueeete et e eabeessees e e bt enseembeemeeesee st enseemeesneesneenaeenseenes 1088
45.1.3  BIOCK QIAZIAIMNc..coutiiiiiiiiiieitietteteee ettt ettt ettt ettt eb bttt e b e bt et eh e e bttt ebt e bttt eat e sae et eaae 1088
452 T2C SIZNAL AESCIIPIIOMNS. ..eeuiieiieeittetie ettt sttt eit et e et e bt e st e esbee s et e e sateeabe e bt e eab e e bt e sabeeatesabeessbeenbeenbbeenbeenbeesabeenseenases 1089

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 39



Section number Title Page

45.3  Memory Map/reZiSteT AETINMTLION. .....ccuiiitiiriiiiiieete ettt ettt et e et esbb e e bt e e be e e bt e sabeesabeebeeesbaeeabeesabeesnneenes 1090
45.3.1 12C Address RegiSter 1 (I2CX_AT)..coiiiieeeeeeee ettt ettt ettt ettt et e e 1091
45.3.2  I2C Frequency Divider re@ister (I2CX_F)...c.cooiiiiniiiiiiiiiice ettt 1091
45.3.3  I2C Control Register 1 (I2CX_C1)...coioiiiriiiiiiieireieieeeeeeteeee ettt 1092
4534 I2C Status r@@ISTET (T2CX_S ). eueeteeieeie ettt ettt ettt ettt e b e b et e e s e e st e s bt e bt entesneesbeenseeneeenes 1094
45.3.5 I2C Data I/O re@ister (T2CX_D)..ccueiiiiiiiieiieiie ettt ettt sttt et e 1096
45.3.6  I2C Control Register 2 (I2CX_C2)...cc.coiiiriiiriiieiieeeieeeeset ettt 1096
45.3.7  12C Programmable Input Glitch Filter Register (I2CX_FLT).......ccccoiiiminiiiiiinininieecieieie e 1097
45.3.8  I2C Range Address register (I2CX_RA) . ...couiiiiiieee et 1099
45.3.9 12C SMBus Control and Status register (I2CX_SMB)......cccceiviiiiiiiiiiiieeeeeeee e 1099
45.3.10 I2C Address RegiSter 2 (I2CX_A2)..c.eauieieeieeitee ettt ettt et ettt et e sttt e s et ebeeneesaeeneeenee 1101
45.3.11 12C SCL Low Timeout Register High (I2CX_SLTH).....cc.cocteiiiiiriiiiiiiriieteeeeeteeeeetee e 1101
45.3.12 12C SCL Low Timeout Register Low (I2CX_SLTL).....ccoitiiiiiiriiiiitiiteciterieeee ettt 1102

454 FUNCHONAL AESCIIPIION. 1. .utieuietieeieete ettt ettt ettt ettt e et e e et e bt eae e bt es e e bt emeesaeemteeaeemeesbeembeeseanseebeenseeseenseeneenseeneeneeenes 1102
45.4.1 T2 PIOTOCOL. ..ttt et ettt b ettt s b e s bt et ea bt s bt e sbe e bt ente et e saeenaeeneeeaee 1102
A5.4.2  TO-DIt @ATESS.......eeueeuiieiirieieierece ettt ettt sttt 1107
4543 AdAress MAatChING......co.eoueiuiriirtirienientctet ettt ettt ettt ettt ettt eae bttt bt sae bt s bt et e besbesae b e s benaea 1109
4544  System management bus SPECITICATION. ....ccueruiiiiriiiiiiiiritettee ettt e 1110
A5.4.5  RESEIS..ouiiiiiiiiiiiiiice e e e b et 1112
T S 01133 41 o] OSSR 1112
4547  Programmable input GlitCh fIler.....c.c.coiiriiiiiiiiriiici et e 1115
45.4.8  Address MatChing WaKE-UP.......coouieruiiiiieiieiiie ettt sttt ettt et sb e e st e e bt e s bt e sabe e bt e e bt e sabeesabeeaeeeabes 1115
45.4.9  DIMA SUPPOIT.c.tetitiiteieeitenteitetesteste st st ste sttt esteae et et ete st e st e s bt saeebeeateseestesteasenseaebesaeebesueeueeueeaeensennensenenaens 1116

45.5 Initialization/application INOIMALION. ......c..eovuiriiriiriiit ittt ettt ettt st sbeesae et sbeesbeebeeas 1117

Chapter 46
Universal Asynchronous Receiver/Transmitter (UART)

460.1  INEOAUCHION. ...ttt ettt sttt et e et et ettt et ea e bt eat st ebe e b eae b sae et ene e 1121

AO0.1.1  FAIUIES...c.eiiiiiiiiiici et s ettt s 1121
K22F Sub-Family Reference Manual , Rev. 3, 7/2014
40 Freescale Semiconductor, Inc.



Section number Title Page
46.1.2  MOAES OF OPETALION. ....ccuutiiuiiiiiieetieette ettt ettt ettt ettt e bt e et e s bt e sabee s bt e sabeesabeesabeessbeensbeenbaeenseesnbeeenseesases 1123
46.2  UART SIZNAL AESCIIPLIONS. ¢...euteeutitietietieteeiteetteteette bt ettesteeate et eeteeaeeeteeaeeesee bt eseesaeemeesseeneeeaeenseemeeabeensesseeseeseenbeensenseans 1124
46.2.1 Detailed Signal deSCIIPLIONS. ..c...evutiriiiiiriieriterieete ettt ettt et ettt e be e s e e sbeenaeenaeeae 1124
46.3  MemOTY MAP ANA TEZISIEIS. ...eeuveeutieriteertieeteestteeteetteeteesttesabeesttesateesbaeeaseebeesabeestesabeesatesaseesbteeabeenseesnbeenssesabeesabesseennn 1125
46.3.1  UART Baud Rate Registers: High (UARTX_BDH).........ccctiiiiiiiiiiiiee ettt 1130
46.3.2 UART Baud Rate Registers: Low (UARTX_BDL).....cccccooiiiiiiiiiiiinienicicecceeeceeeeee e 1131
46.3.3  UART Control Register 1 (UARTX_CL)..cc.cciriiiiriiiiiieiieneieereeteereee e 1132
46.3.4 UART Control Register 2 (UARTX_C2)....ccouiiiiiiiiieitieieeie ettt ettt et sae e e 1133
46.3.5 UART Status Register 1 (UARTX_ST).coueiiiiiiiiiiiiie ettt 1135
46.3.6  UART Status Register 2 (UARTX_S2)......ccooiiriiiiiiiiieieencieereee et 1138
46.3.7 UART Control Register 3 (UARTX_C3)....coiiiiieiiitieiieie ettt ettt et 1140
46.3.8 UART Data Register (UARTX_D)..c..ooiiiiiiiiiiiiieieeeeeteeete ettt 1141
46.3.9 UART Match Address Registers 1 (UARTX_MATL)..coouiiiiiiiiiiieeie ettt 1142
46.3.10 UART Match Address Registers 2 (UARTX_IMAZ).....ccoiiiiiiiiieieiene ettt 1143
46.3.11 UART Control Register 4 (UARTX_C4)....ccueoiiiiiiiiiiieeeeteetetet ettt st 1143
46.3.12 UART Control Register 5 (UARTX_CS)..c.coiriiiiiiiiiiieieienceerete ettt 1144
46.3.13 UART Extended Data Register (UARTX_ED).....c.cociiiiiiiieii ettt 1145
46.3.14 UART Modem Register (UARTX_MODEM)......cccccootiiiimiiniiiiiiiieieeieee ettt 1146
46.3.15 UART Infrared Register (UARTX_IR).....cccccooiiiiiiiiiiiiiiceeceee e 1147
46.3.16 UART FIFO Parameters (UARTX_PFIFO)......c.ccccectiiriiiiiiiinieieseteeeeseee et 1148
46.3.17 UART FIFO Control Register (UARTX_CFIFO).....c..ccceeriiiiiiiniiiiiieneeeee ettt 1149
46.3.18 UART FIFO Status Register (UARTX_SFIFO)........c.ccccotniiiiiniiieiieeeneeeeeeeeee st 1150
46.3.19 UART FIFO Transmit Watermark (UARTX_TWFIFO).......cc.cccctriiminiiiinineieteeeeeeeseee e 1151
46.3.20 UART FIFO Transmit Count (UARTX_TCFIFO).........ccooiiiiiiiiieiii ettt e 1152
46.3.21 UART FIFO Receive Watermark (UARTX_RWEFIFO).........cccoomiiiiiiiiiiiiiiee e 1152
46.3.22 UART FIFO Receive Count (UARTX_RCFIFO).....c..ccooiriiiriiiiinieieereeeseeeeee ettt 1153
46.3.23 UART 7816 Control Register (UARTX_CT7E16)...c..ccciiiiiiiiriiiiiiieiienitenieeieett ettt 1153
46.3.24 UART 7816 Interrupt Enable Register (UARTX_TE7816)......cccceriiiriiiiniiiiieiiieeseeseeeee e 1155
46.3.25 UART 7816 Interrupt Status Register (UARTX_IS7816).....ccueeiuiiiiriieiiieeiietee et 1156

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 41



Section number Title Page
46.3.26 UART 7816 Wait Parameter Register (UARTX_WP78E16)......ccceeriiiiiiiiiiiiiiiiieeieeeeeeeeee e 1158
46.3.27 UART 7816 Wait N Register (UARTX_WINTEL6).....ccccereiriiiiieinieinieneeiesetseeie st 1158
46.3.28 UART 7816 Wait FD Register (UARTAX_WET7816).....c..ccccirimiiriniiiiniciicnceeceeecereseeeee e 1159
46.3.29 UART 7816 Error Threshold Register (UARTX_ET7816)....cc.ccociiriiiiiiiiiiiienieeieee ettt 1159
46.3.30 UART 7816 Transmit Length Register (UARTX_TL7816)......cceeiiiiiiiiiiiiiieiieeeee e 1160
46.3.31 UART 7816 ATR Duration Timer Register A (UARTX_AP7816A_TO)..c..ccocevveriiniiniiiiiciicncececn 1160
46.3.32 UART 7816 ATR Duration Timer Register B (UARTX_AP7816B_TO0).......ccccecevviieriiiiniiiniieeiee e 1161
46.3.33 UART 7816 Wait Parameter Register A (UARTX_WP7816A_TO).....ccceeiiriiiiinieiieeee e 1162
46.3.34 UART 7816 Wait Parameter Register A (UARTX_WP7816A _T1)..ccccooiriiimiiiniiniiiiiiciceececec 1162
46.3.35 UART 7816 Wait Parameter Register B (UARTX_WP7816B_TO)........ccccceeirineiiiniiinceeeceeceen 1163
46.3.36  UART 7816 Wait Parameter Register B (UARTX_WP7816B_T1).....cccceeiiiiiiiiiiiieeeee e 1163
46.3.37 UART 7816 Wait and Guard Parameter Register (UARTX_WGP7816_T1).....ccceeviiriiniiniiniinicnicnicn 1164
46.3.38 UART 7816 Wait Parameter Register C (UARTX_WP7816C_T1).....cccccoveiniriniiiiiiiinceeeceeeeeee 1164

46.4  FUNCHONAL AESCIIPIION. 1. .utieuietieeieeteeite ettt ettt ettt et et e e et e bt e st et e es e e bt eaeeseeemteeseemeesbeenbeeseenseebeenseeseenseeneenseeneeneeenee 1165
40.4. 1 TIANSIIIIIET....ceueiitinieiiiietet ettt ettt ettt et e a et et ettt et et et et et e s e s e b e s et ebesaesbesnesueas 1165
40.4.2  RECEIVET.....iiuiiiiiiiiiiiiiect ettt b bbb b 1171
T TG T S ¥ 1314 B ¢ L o431 1<) 16 [0 FO OSSR 1185
46.4.4 Data format (NON ISO-TET16).....cceiiiieeiiee et ettt e e e et e e e e tae e e taeeestbeeeeeaseeeearaeeeaseeaas 1187
46.4.5 SINZIE-WITE OPETALION. ¢...teutiieuiieritierite ettt ettt ettt ettt e bt e eateesabeebeesabeeeabe e bt e eabeesabe e bbeenbeesabeenstesabeesaseenaeean 1190
460.4.0  LLOOP OPETALION. c..ueuieniintiiertietente ettt ettt ettt ettt ettt ettt et b s e et e s bt sa e bt s aesaeebe e bt ebeeateneensens et entensenaennenaens 1191
46.4.7  ISO-7816/SMATCAIA SUPPOTL....c.eertiruiiriierieiieeiterttente ettt ettt st e bt et sbeesae e bt satesbeete et e sbeeneeeneesaeesbeenaeenee 1191
46.4.8  Infrared INEITACE..........ccoouiiiiiiiiiiiii e 1196

E T T T A OO 1198

46.6  SysStem 1eVE] INTEITUPL SOUICTES....cuverttitieuteritentteteete ettt et sttt et eatesbee st e esteshtesbeenteeatesbeesbeeateebee bt esteebtesbeenbeesbesbnenbeens 1198
46.6.1  RXEDGIF dESCIIPHOMN. ....c.ecuiieiiieiiieiiiteiiieeetee ettt et 1198

460. T DA OPCIALION. ....cuiruiiuiiietietieit ettt ettt ettt ettt ettt et ettt et et et et et e e et et et et et et ense st et ese st et e senaebenaentenneee 1199

46.8  ApPPLCAtiON INFOTMATION. c..cutitiiitiiiietieit ettt ettt et sb et ettt et sbe et e sbtesbeeabesbeeatesbee bt ebaenbeeanenbeens 1200
46.8.1 ISO-7816 INIHAlIZAtION SEQUEIICE. ... .eeueieeutieeiieriteeeiteeite ettt ee sttt e sb e et e st e sabeesbteebaesabeesabeesateenbseeseesases 1200
46.8.2 Initialization sequence (NON ISO-78160)....c..coiiiiiiiiiiiiee ettt et s 1202

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

42

Freescale Semiconductor, Inc.



Section number Title Page
46.8.3 Overrun (OR) flag IMPIICALIONS. .....eeeuieeiieiiieeieeriteete ettt ettt ettt et e et eesabeesabeesabeesbtesbeeebeesaees 1203
46.8.4  OVerrun NACK CONSIACTALIONS. .......eeutirtietieiieetiete et te ettt ette st e ettt esteenteeeeesaeenbeeaeesteenbeeaeeeneenseeneeeneenaeenes 1204
46.8.5  MaAtCh AddIesS TEZISEIS. .c..vetieutiririrtietieiteet ettt ettt ettt ettt e bttt e e bt et e eb e e sbe et e ea b e ebee bt eatesbee bt eseesbeenaeenee 1205
46.8.0 MO FRATUIE.......oiiiiiiiiiiiiii et 1205
46.8.7  IrDA minimum pulse WIdth........cc.ooiiiiiiiiiei ettt ettt s 1206
46.8.8 Clearing 7816 wait timer (WT, BWT, CWT) INtEITUPLS. ....cceeruiriiririiinieniienieetenieeitesieetesieeee e 1206
46.8.9  Legacy and reverse compatibility CONSIAETAtIONS. ......cccueiiiuiirriieiiieeiie ittt ettt 1207
Chapter 47
Low Power Universal asynchronous receiver/transmitter (LPUART)
AT.1 INEOAUCTION. ...ttt e ettt en e eaeea e en e ea e e 1209
47.1.1 FEALTUTES. ...ttt ettt e bt e bt e et st e e eate e bt e et e e sab e e sabe e bt e sbeeearee e 1209
47.1.2  MOAES Of OPEIALION. ...c.eviiietieieeiteeite ittt ettt ettt ettt et eb et e e st eb e s bt e bt e bt eabeebbesbee bt eaesmeesbeesbeenaeeneeeaee 1210
47.1.3 STENAL DESCIIPIIONS. ....eeeteeiiie ettt ettt ettt ettt et e et e st e ettt e bt e e bt e sabeeeabeesabeesabeeabbeenstesabeesabeenabeesaseeseean 1210
4714 BLOCK QIAZIAIMN....ceutiiiiiiiieitiett ettt ettt ettt e a et eat e e st e bt emtees e e sbeembeeaeeebe et e eateeneenbeeneesaeenneenee 1211
47.2  ReISTET AEIINITION. ...utitiiiiieiiiiieiteete ettt ettt h et e a et ea e sb e e st e s bt et e s bt eab e s bt e s e e bt en b e ebe et e eb e e bt ebeenaeenee 1212
47.2.1  LPUART Baud Rate Register (LPUARTX_BAUD).........ccocciiiiniiiieiieccceeeeeeeesee e 1213
47.2.2  LPUART Status Register (LPUARTX_STAT)..c.ccciriiiirieirieeereeeeeree ettt 1215
47.2.3 LPUART Control Register (LPUARTX_CTRL)...c..cooctiiiiriiiiiieiteeecec ettt 1219
47.24  LPUART Data Register (LPUARTX_DATA).....ccccooiiiiiiiireeeeereee et 1224
47.2.5 LPUART Match Address Register (LPUARTX_MATCH).....cc.cooiiiiiieieeeeee et 1226
47.2.6  LPUART Modem IrDA Register (LPUARTx_MODIR)........cccecerimiimiiniiiinicineetneeeeeseeeeeeie e 1226
47.3  FUNCHONAL AESCTIPION. ¢...eeutietieeittetie ettt sttt ettt e et e bt e s bt e bt e sab e e sateeabeesbeeeabeenbeesabeesbesabeesseeeabeenbbeenbeebeesabeenneenases 1228
47.3.1 Baud rate GENETALION. ... .ecuiitietieiteeiieet ettt ettt ettt e st e bt et e et e ete et e et e en e es b e ebe e be e bt entesaeenneebeeneeenes 1228
47.3.2  Transmitter functional deSCIIPIION. .....ccutiuiiiiiiiriiiierit ettt sttt sttt st e b e 1229
47.3.3 Receiver functional deSCIIPON. . ....eiitii ittt ettt ettt e st e st e st e e sabeesaes 1232
4734  Additional LPUART fUNCHOMNS. .....eeutirtietiatieiieetieteete ettt ettt st et ebeeseesseesbeeseesteseeesaeeseeneesneenaeeneeenee 1238
47.3.5  Infrared INEEITACE.......c.coiviiiiiiiiiiic e e 1240
47.3.6  Interrupts and StALUS TlaZS....c..eiriiiiiiiiiiieiee ettt ettt e st e st e et esabeeeates 1241
K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 43



Section number Title Page
Chapter 48
Integrated Interchip Sound (I12S) / Synchronous Audio Interface (SAl)

8.1 INEIOAUCHION. ....cuiiiiiiieicietc ettt sttt ettt ettt ettt et eat st eb e eaeeae b sae et ne e 1243
1.1 FRAMUIES. ...ttt e st a e e sa e 1243
48.1.2  BLOCK QIAGIAIMN.c..ceutieiiieiietieit ettt ettt ettt ea et e et e e s e e bt en et es e e ebeembeeneeebe e bt eaeeen e e bt eneeeneeneenes 1244
48.1.3  MOAES Of OPETALION. ...c..viiietietieiteeite sttt ettt ettt ettt et eb et e bt ea bt eb e sbt e bt e bt eabesbeesbee bt eaesatesbtesbeenaeenaeeaee 1244

48.2  EXEEINAL STZNALS....eeutiiiitieiieeite ettt ettt ettt ettt et e bt ettt e bt e e a bt e bt e e bt e ea bt e bt e e a bt e bt e e bt e e ab e e bt e e bt e sabeenateenbee e 1245

48.3  Memory map and reZiSter AefINMITION. ... ...eeuiruietietiett ettt ettt ettt et e e et e b e e st eteeseesbeeseesaeentesbeeneesbeennenseans 1246
48.3.1 SAI Transmit Control Register (I2SX_TCSR)......coouiriiiiiniiiiiieeeeeeee e 1248
48.3.2  SAI Transmit Configuration 1 Register (I2Sx_TCRI)...cc.coiiiiiiiiiiiiiiieeeceteee e 1251
48.3.3  SAI Transmit Configuration 2 Register (I2Sx_TCR2)........cooiiiiiiiiiiiieeeee e 1251
48.3.4  SAI Transmit Configuration 3 Register (I2Sx_TCR3).....cc.ccoiiiiiiiiiiiiiiiiiciiciceeeeee e 1253
48.3.5 SAI Transmit Configuration 4 Register (I2Sx_TCRA)......cccueeriiiiiiiiiieiieeeeee et 1254
48.3.6  SAI Transmit Configuration 5 Register (I2Sx_TCRS).....ccooiiiiiiiiiiieee e 1256
48.3.7 SAI Transmit Data Register (I2Sx_TDR)...c...cocuiriiiiiriiiiiieettcecetee et 1256
48.3.8 SAI Transmit FIFO Register (I2SX_TEFRI)......coocuiiiiiiiiiieiie ettt s 1257
48.3.9 SAI Transmit Mask Register (I2SX_TMR).......coouiiiiiiiiiiieeeeee et 1257
48.3.10 SAI Receive Control Register (I2SX_RCSR)....ccc.coiiiiiiiiiiiiiiieieneeteeee et 1259
48.3.11 SAI Receive Configuration 1 Register (I2Sx_RCR1)...cc.c.coiiiriiiiiiiiiiiieeee e 1262
48.3.12  SAI Receive Configuration 2 Register (I2SX_RCR2)......ccooiiiiiiiiiiiiieeeeee e 1262
48.3.13  SAI Receive Configuration 3 Register (I2SX_RCR3).....cccooiiiiiiiiiiiiiiiitceceeeceeee e 1264
48.3.14 SAI Receive Configuration 4 Register (I2Sx_RCR4).......coouiiiiiiiiiiiiiiiiieeeeeee e 1265
48.3.15 SAI Receive Configuration 5 Register (I2SX_RCRS).....cccuiiiiiiiiiiiiee e 1267
48.3.16  SAI Receive Data Register (I2Sx_RDRM)......coviiiiiiiiiiiiiiiiceeeeee et 1267
48.3.17 SAI Receive FIFO Register (I2Sx_RERM)........cccciviiiiiiiiiiiicceenecsceeeee et 1268
48.3.18 SAI Receive Mask Register (I2SX_RIMR)......cc.ooiiiiiiiiiiiiiie ettt 1268
48.3.19 SAI MCLK Control Register (I2Sx_IMCR)....c..ccotiiiiiiiiiiiiiiiintetee ettt sttt 1269
48.3.20 SAI MCLK Divide Register (I2Sx_MDR)......cc.ccooiiriiiiiniiiiiieeesceeesee et 1270

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
44 Freescale Semiconductor, Inc.



Section number Title Page
48.4  FUNCHIONAL AESCTIPION. ¢...eeutieiieeittetie ettt ettt eit ettt et e bt e s bt e bt e sab e e suteeabeesbeeeab e e bt e sabeestesabeessbeeabeesbbeenbeenseesabeenseenases 1271
48.4.1 SAT CLOCKINE. ¢ttt ettt ettt e bt b e bt e te e ae e s et e e bt e bt eaeeeaeeeae e bt enteenseesee b eanbeenseeneesneas 1271
4842 SATTESCLS...cueiuiiiiiiie ettt ettt b e h b et et ettt n ettt sae e 1273
48.4.3 SYNCHATONOUS TNOAES. .....eeiiuiieiiieiitieitt ettt ettt ettt st et e sttt e s st e e bt e e bt e eabeeeabtesabeesabeesateesabeensteenaseeseean 1274
48.4.4  Frame SYNC CONTIZUIATION. ... .ccuiiitiitieieitieteettete ettt et eeteeteestesatebesseebeestebeeste bt enseebeenteeseanseeneensesneenaeenean 1274
48.4.5  Datad FIFO.....ooiiiiiiiiiiiiiie ettt et sttt 1275
48.4.6  WOTd MASK TEEISTEI...ccuueeiutieiitieititeiite et te ettt ettt et ettt et e e st e e sateesate e beeeabeesabeesabeebteebbeeabeesabeesnbeebaeenseesases 1278
48.4.7  Interrupts and DIMA TEQUESES.......eeiutetietieitieieetiete ettt ettt et e st e et st e eteeteeseesseenteeseeeseenbeeneeeseenseeneesneenseenes 1278
Chapter 49
General-Purpose Input/Output (GPIO)
LB N 113 Vo L1 s (o) WO OSSPSR PRRRTRSRRPRTIR 1281
AO.T.T  FRAIUIES. ..ttt ettt st s s a bbb b ettt ettt a et 1281
49.1.2  MOAES OF OPETALION. ....ccuveieuiiiiiieeitie ittt ettt et e bt e bt e eabe e s bt e sateesabeesabeesabeesabeessse e seeenbaeenseesabeesnseesanes 1281
49.1.3  GPIO SIZNAL AESCTIPLIONS. .....euvieivieiieiieiieteteste ettt ettt sttt ettt ettt sa ettt ea et et sae et e sbesbeesneneennennens 1282
49.2  Memory map and re@iSter defINITION. ... cc.eetiriiitiriitiriete ettt ettt ettt et sttt et sae et e sbeesaesbeesnenbeens 1283
49.2.1 Port Data Output Register (GPIOX_PDOR).....c..coocuiiiiiiiiiiieeieee ettt st st 1285
49.2.2  Port Set Output Register (GPIOX_PSOR)........cccctriririniiiiiiiiintcterc et 1286
49.2.3  Port Clear Output Register (GPIOX_PCOR)........coceeriiiiiiiiiiiieeieitceetet ettt 1286
49.2.4  Port Toggle Output Register (GPIOX_PTOR)......ccccuooriiiiiiiiiiiieeeeeeeee ettt 1287
49.2.5 Port Data Input Register (GPIOX_PDIR).....c..ccocciiiiiiiiiiiiiiiieteteteetetetete sttt s s 1287
49.2.6 Port Data Direction Register (GPIOX_PDDR)......cc.cccoriiiiiriiiiiiieiieeeteeeteeeeseete e 1288
49.3  FUNCHIONAL AESCTIPLION. 1...eeutieiieeittetie ettt sttt ettt et et e bt e st esbeesab e e satesabeesbbeeabeenbeesabeesstesabeesseeeabeenbbeenbeenseesabeenaeesases 1288
49.3.1 GENETAl-PUIPOSE INPUL. ...ttt ettt st sttt ettt st sttt be sttt e b sa e b bt saeebe st sbeebe b saeebesbesaeebennenaens 1288
49.3.2  General-pUurPOSE OULPUL.......eoutertiruterteeieriterte ettt eit st ebe et e bt et e ett e bt eatesbe e bt eatesbees bt ebtesbeeateebeenbeentesbeenseenee 1288
Chapter 50
JTAG Controller (JTAGC)
S50.T  INEFOAUCHION. ...ttt ettt et ettt et et a et eae bt b e eb e bt ebesaeeae b sae et ne e 1291
50.1.1 BIOCK QIAGTAIMN...c.etiiiiiiiie ettt ettt ettt et e st e s bt e et e st e e sab e e bt e e bt e sabeesabeebeesates 1291
50.1.2  FRALUIES. .euteeutieiieetiet ettt ettt ettt et e b et e e s te e st e bt eabees e e bt ea bt em e e eh e e bt embeee e e bt eabeehte bt eabeente bt e bt enteeneebeenneenean 1292

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 45



Section number Title Page
50.1.3  MOAES O OPETALION. ..ccuutieiiiiiiiieiieeite ettt ettt sttt et e sttt e sbt e e bt e e bt e e bt e sabeeeabeesabeesabeessbeesabeenbseensbeenseean 1292
50.2  External SiZNal AESCIIPIION. .....eueuiiuiiuiriiitietiite sttt ettt ettt ettt ettt e b ettt sa et et sae st et e et ese e st estebeebtebesaeebeebesaesaennen 1294
50.2.1  TCK-TEeSt CIOCK INPUL....tittiniiiiiiriieieeiiesie ettt ettt ettt et st bttt st sae et sbeenbeenbesbeesbeenaesaeen 1294
50.2.2  TDI-—TeSt dAtA INPUL.ccuteeeitieiiiierite ettt ettt ettt et e e bee e bt e eateesabeesabeesebeessbesabaeanbeesabeesaseenateessseeseean 1294
50.2.3  TDO-—TESt daAta OULPUL.....eveterriritetetetertet ettt ettt ettt ettt eat et eae bt eae bt ebe e bt ebe et e ebesaeebesbesaesae b nee 1294
50.2.4  TMS—Test MOAE SEIECL.....c..cuiuiiiiiiiiiiiiiiiiitieie ettt sttt 1294
50.3  REGISIET AESCIIPIION. ¢eeuuttiiiieriitetteette et ee ettt e st e ettt e stt e et te e bt e e abeesab e e eabee et e esabeeabeeeabbesabeesabeeeabeesabeessbeessbeenneeeabaeenseenases 1295
50.3.1 INSEIUCTION TEEISTET ... ettt ettt ettt ettt ettt et s st b e st ettt e a b s e st e e bt ebe bt eaeeseesseneennenaens 1295
50.3.2 By PSS TEZISTOT . cuteuteiietieiteettete ettt ettt ettt et ettt h ettt s bt ettt b bbbt e bbbt e bt it eb e e bt et bt sbe e beenaeaaeen 1295
50.3.3 Device 1dentifiCAtION TEEISET...c...eiitieriieriiieiieette ettt ettt sttt et ebte s bt e sabeesabe e bt e eabeesabeesaseenbseenseesases 1295
50.3.4  BOUNAATY SCAN TEZISIET.....eouiruietirtertietirtenteeteeie sttt st ettt et et besae st e b sae et e ebesae st e b saesa et see st ebesaesae b nee 1296
50.4  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt ee e bt e e bt e st e bt et e bt e bt e bt e sbeebte s bt esbe e bt esbesbe et e sbeenteebeeaeenee 1297
50.4.1 JTAGC 1€SEL CONTIZUIALION. ¢...eeeutieiniieeieeeite ettt ettt et e e st e sttt e bt e ebeesabeeeabeesabeesabeenbeeenssesnbeesnbeesareenes 1297
50.4.2  IEEE 1149.1-2001 (JTAG) TeSt ACCESS POIT....c..cuiruiriiiiiiriiieiiiieetet ettt 1297
50.4.3  TAP controller state MACHINE. ..........ccueiiiiiiiiiiiiiiiiici e e 1297
50.4.4  JTAGC blOCK INSIIUCTIONS. c..c.veuviiiiiiiiiiie it 1299
50.4.5  BOUNGAIY SCAM.....eiitiiieitieieeiieit ettt ettt et e et e b e et e e bt es e et e e bt eae e bt eateese e bt emeeeateneeemtesbeeneesaeenseeneesneensesnean 1302
50.5 Initialization/Application INFOIMATION. ....cc.eitiritiriiiiieiterteete ettt ettt ettt ettt b et et sbe et ebesbeesbeeaeeatesbeesbeeneeeaee 1302

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

46

Freescale Semiconductor, Inc.



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).

REVNQI[6:4], XAD[7:0]

Numbers in brackets and separated by a colon represent either:
¢ A subset of a register's named field

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

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

1.2.3 Special terms

The following terms have special meanings:

Term Meaning
asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
* An active-low signal is asserted when low (0).
deasserted Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
* An active-low signal is deasserted when high (1).
In some cases, deasserted signals are described as negated.
reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
wic Write 1 to clear: Refers to a register bitfield that must be

written as 1 to be "cleared."
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Chapter 2
Introduction

2.1 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 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 high speed run, run, wait,
stop, and power-down modes
Low-leakage wakeup unit
Miscellaneous control module
Crossbar switch
Peripheral bridge
Direct memory access (DMA) controller with multiplexer to increase available
DMA requests.
e External watchdog monitor
¢ Watchdog

Memories * Internal memories include:
* Program flash memory
e SRAM
* 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

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

Table 2-1. Module functional categories (continued)

Module category Description

Security ¢ Cyclic Redundancy Check module for error detection

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

Independent real time clock

USB OTG controller with built-in FS/LS transceiver
USB voltage regulator

Serial peripheral interface

Inter-integrated circuit (12C)

UART

Low-power UART (LPUART)

Integrated interchip sound (I2S)

Communications

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

2.2.1 ARM® Cortex®-M4 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.

Floating point unit (FPU) A single-precision floating point unit (FPU) that is compliant to the IEEE Standard
for Floating-Point Arithmetic (IEEE 754).
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.

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

Module Description

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 |IEEE 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 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 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

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.

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

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-bit, 16-bit, 32-bit,
16-byte and 32-byte 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.
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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

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

SRAM Internal system RAM. Partial SRAM kept powered in LLS2 and 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.

2.2.4 Clocks

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 The IRC48M provides an internally generated clock source. Clock Recovery
(IRC48M) 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.
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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

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:

Table 2-7. Analog modules

Module

Description

16-bit analog-to-digital converters (ADC)

16-bit successive-approximation ADC

Analog comparators

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:
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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

¢ Supports bypass mode

* 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

* 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

Programmable delay block (PDB)

Periodic interrupt timers (PIT) 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

Low-power timer (LPTimer)

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

2.2.8 Communication interfaces

The following communication interfaces are available on this device:
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Table 2-9. Communication modules

Module
USB OTG (low-/full-speed)

Description

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.

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.

USB voltage regulator

Serial peripheral interface (SPI) Synchronous serial bus for communication to an external device

Allows communication between a number of devices. Also supports the System
Management Bus (SMBus) Specification, version 2.

Inter-integrated circuit (12C)

Asynchronous serial bus communication interface with programmable 8- or 9-bit
data format and support of ISO 7816 smart card interface

Universal asynchronous receiver/
transmitters (UART)

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

LPUART Low power UART module that retains functionality in stop modes.

2.2.9 Human-machine interfaces

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

Table 2-10. HMI modules

Description

Module

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

General purpose input/output (GPIO)

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

Freescale part number CPU Pin count Package Program SRAM GPIO
flash
frequency
MK22FN256VDC12 120 MHz 121 XFBGA 256 KB 48 KB 70
MK22FN256VLL12 120 MHz 100 LQFP 256 KB 48 KB 66
MK22FN256VLH12 120 MHz 64 LQFP 256 KB 48 KB 40
MK22FN256VMP 12! 120 MHz 64 MAPBGA 256 KB 48 KB 40
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1. This part number is subject to removal.
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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 | Single-precision floating FPU

(PPB) module

point unit (FPU)

3.2.1.1

Buses, interconnects, and interfaces

The ARM Cortex-M4 core has four buses as described in the following table.

Bus name

Description

Instruction code (ICODE) bus

Data code (DCODE) bus

The ICODE and DCODE buses are muxed. This muxed bus is called the CODE bus and is
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.

Table continues on the next page...
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Bus name Description

Private peripheral (PPB) bus |The PPB provides access to these modules:
¢ ARM modules such as the NVIC, ITM, DWT, FBP, and ROM table
¢ Freescale Miscellaneous Control Module (MCM)

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:

» 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

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.
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Core modules
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Cortex-M4 Interrupt Controller
core (NVIC)

Y

Figure 3-2. NVIC configuration

Table 3-2. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M4 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 O

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.

3.2.2.3 Interrupt channel assignments

The interrupt source assignments are defined in the following table.
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* Vector number — the value stored on the stack when an interrupt is serviced.

* 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 3-4. 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
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

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)
Address Vector IRQ' NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
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 FPU sources
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 Randon Number Generator
0x0000_00A0 40 24 0 6 12Co —
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 LPUARTO Status and error
0x0000_00BC 47 31 0 7 UARTO Single interrupt vector for UART status
sources
0x0000_00C0 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
0x0000_00D0 52 36 1 9 UART2 Single interrupt vector for UART error
sources
0x0000_00D4 53 37 1 9 — —
0x0000_00D8 54 38 1 9 — —

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3

0x0000_00DC 55 39 1 9 ADCO —
0x0000_00EO0 56 40 1 10 CMPO —
0x0000_00E4 57 41 1 10 CMP1 —
0x0000_00E8 58 42 1 10 FTMO Single interrupt vector for all sources
0x0000_00EC 59 43 1 10 FTMA 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 — —
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 — —
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 — —
0x0000_0148 82 66 2 16 — —
0x0000_014C 83 67 2 16 — —
0x0000_0150 84 68 2 17 — —
0x0000_0154 85 69 2 17 — —
0x0000_0158 86 70 2 17 — —
0x0000_015C 87 71 2 17 — —
0x0000_0160 88 72 2 18 — —
0x0000_0164 89 73 2 18 ADC1 —

1. Indicates the NVIC's interrupt source number.
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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 3-5. LPTMR interrupt vector assignment

Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register

number | number
2 3

0x0000_0128 74 58 1 14 Low Power Timer |—

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
* NVICICERI1
* NVICISPR1
* NVICICPR1
* NVICIABRI1
* NVICIPR14
* To determine the particular IRQ's bitfield location within these particular registers:
* NVICISER1, NVICICERI1, NVICISPR1, NVICICPR1, NVICIABRI 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 NVICIPR14
bitfield range is 20-23

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

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

Clock logic
Wake-up
requests
Nested vectored Asynchronous m
interrupt controller [~ Wake-up Interrupt . -.
(NVIC) Controller (AWIC) : :

Figure 3-3. Asynchronous Wake-up Interrupt Controller configuration

Table 3-6. 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 3-7. AWIC Partial Stop, 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 Power Mode Controller
Low-voltage warning Power 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

Table continues on the next page...
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Table 3-7. AWIC Partial Stop, Stop and VLPS Wake-up Sources (continued)

Wake-up source Description
CMPx Since no system clocks are available, functionality is limited, trigger mode provides wakeup
functionality with periodic sampling
12C Address match wakeup
UART Active edge on RXD
LPUART Functional when using clock source which is active in Stop and VLPS modes
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
12S (SAl) Functional when using an external bit clock or external master clock
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
FPU

Transfers

ARM Cortex M4
Core

Figure 3-4. FPU configuration

Table 3-8. 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 ARM Cortex M4 core ARM Cortex-M4 core
Private Peripheral Bus
(PPB)

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

66 Freescale Semiconductor, Inc.


http://www.arm.com

4
Chapter 3 Chip Configuration

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.

Signal
multiplexing

JTAG controller cJTAG

Figure 3-5. JTAGC Controller configuration

Table 3-9. 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 3-10. Reference links to related information

Topic Related module Reference
Full description SIM
System memory map System memory map

Table continues on the next page...
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Table 3-10. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock distribution
Power management Power management

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
Svst Mod Power
Resets ysiem hioae Management
Controller (SMC) Controller
(PMC)

Figure 3-7. System Mode Controller configuration

Table 3-11. 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)
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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.

Table 3-12. Reference links to related information

Topic Related module Reference
Full description PMC
System memory map System memory map
Power management Power management

Full description

Low-Leakage Wakeup LLWU
Unit (LLWU)

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.

Peripheral
bridge 0
Register
access
Wake-up
requests
Power Low-Leakage
Management _
Controller V\_,ake ol . .
(PMC) Unit (LLWU) :

Figure 3-8. Low-Leakage Wake-up Unit configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Full description 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
Wake-up requests LLWU wake-up sources
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3.3.4.1 Wake-up Sources

The device uses the following internal peripheral and external pin inputs as wakeup
sources to the LLWU module. LLWU_Px are external pin inputs, and LLWU_MOIF-
MTIF are connections to the internal peripheral interrupt flags.

NOTE
In addition to the LLWU wakeup sources, the device also
wakes from low power modes when NMI or RESET pins are
enabled and the respective pin is asserted.

Table 3-14. Wakeup sources for LLWU inputs

Input Wakeup source
LLWU_PO PTE1/LLWU_PO pin
LLWU_P1 PTE2/LLWU_P1 pin
LLWU_P2 PTE4/LLWU_P2 pin
LLWU_P3 PTA4/LLWU_P3 pin’
LLWU_P4 PTA13/LLWU_P4 pin
LLWU_P5 PTBO/LLWU_PS5 pin
LLWU_P6 PTC1/LLWU_PS6 pin
LLWU_P7 PTC3/LLWU_P7 pin
LLWU_P8 PTC4/LLWU_PS8 pin
LLWU_P9 PTC5/LLWU_P9 pin
LLWU_P10 PTC6/LLWU_P10 pin
LLWU_P11 PTC11/LLWU_P11 pin
LLWU_P12 PTDO/LLWU_P12 pin
LLWU_P13 PTD2/LLWU_P13 pin
LLWU_P14 PTD4/LLWU_P14 pin
LLWU_P15 PTD6/LLWU_P15 pin

LLWU_MOIF LPTMR2
LLWU_M1IF CMP0?
LLWU_M2IF CMP12
LLWU_MSIF Reserved
LLWU_M4IF Reserved
LLWU_M5IF RTC Alarm?
LLWU_M6IF Reserved
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. NMI can also be disabled via the FOPT[NMI_DIS] bit.

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.
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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.

Miscellaneous
ARM Cortex-M4 PPB
core — Control Module
ransters
(MCM)

Figure 3-9. MCM configuration

Table 3-15. Reference links to related information

Topic Related module Reference

Miscellaneous control MCM
module (MCM)

Full description

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Transfers

ARM Cortex-M4 core

ARM Cortex-M4 core

Private Peripheral Bus
(PPB)

3.3.6 Crossbar-Light 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.
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Master Modules

ARM core

Slave Modules

Y

Mo

code bus

ARM core
system bus

DMA
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EzPort

Mux

usB
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M4

Crossbar Switch

SO

S1

S2

Flash
controller

SRAM
controller_L

SRAM
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Peripheral
bridge 0
x
—————> 35
GPIO
controller

Figure 3-10. Crossbar-Light switch integration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

Crossbar switch

Crossbar Switch

System memory map

System memory map

Clocking

Clock Distribution

Crossbar switch master

ARM Cortex-M4 core

ARM Cortex-M4 core

Crossbar switch master

DMA controller

DMA controller

Crossbar switch master EzPort EzPort
Crossbar switch master USB FS/LS USB FS/LS
Crossbar switch slave Flash Flash

Crossbar switch slave

Peripheral bridges

Peripheral bridge

Crossbar switch slave

GPIO controller

GPIO controller
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3.3.6.1 Crossbar-Light Switch Master Assignments

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

Master module Master port number
ARM core code bus 0
ARM core system bus 1
DMA /EzPort 2
USB OTG 4
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.

3.3.6.2 Crossbar-Light Switch Slave Assignments

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

Slave module Slave port number
Flash memory controller 0

SRAM controllers 1,2

Peripheral bridge 0/GPIO! 3

1. See System memory map for access restrictions.

3.3.7 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.
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Transfers _li Transfers
Crossbar AIPS-Lite Peripherals

switch peripheral bridge

Figure 3-11. Peripheral bridge configuration

Table 3-17. Reference links to related information

Topic Related module Reference
Full description Peripheral bridge Peripheral bridge (AIPS-Lite)
(AIPS-Lite)
System memory map System memory map
Clocking Clock Distribution
Crossbar switch Crossbar switch Crossbar switch

3.3.7.1 Number of peripheral bridges

This device contains one peripheral bridge.

3.3.7.2 Memory maps

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

3.3.8 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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Peripheral
bridge 0
Register
access
Channel
oma | reauest DMA Request
controller Multiplexer : :

Figure 3-12. DMA request multiplexer configuration

Table 3-18. 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

3.3.8.1

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.

DMA MUX request sources

Some of the modules support Asynchronous DMA operation as indicated by the last
column 1in the following DMA source assignment table.

Table 3-19. DMA request sources - MUX 0

Source Source module Source description Async DMA
number capable

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

Table continues on the next page...
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Table 3-19. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA
number capable

8 Reserved —

9 Reserved —

10 Reserved —

11 Reserved —

12 12S0 Receive Yes

13 12S0 Transmit Yes

14 SPIO Receive

15 SPIO Transmit

16 SPI1 Transmit or Receive

17 Reserved —

18 12Co —

19 [2C1 —

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 FTM1 Channel 0

29 FTMA Channel 1

30 FTM2 Channel 0

31 FTM2 Channel 1

32 Reserved —

33 Reserved —

34 Reserved —

35 Reserved —

36 Reserved —

37 Reserved —

38 Reserved —

39 Reserved —

40 ADCO — Yes

41 ADCA1 — Yes

42 CMPO — Yes

43 CMPA1 — Yes

44 Reserved —

45 DACO —

46 Reserved —

Table continues on the next page...
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Table 3-19. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA
number capable
47 Reserved —
48 PDB —
49 Port control module Port A Yes
50 Port control module Port B Yes
51 Port control module Port C Yes
52 Port control module Port D Yes
53 Port control module Port E Yes
54 Reserved —
55 Reserved —
56 Reserved —
57 Reserved —
58 LPUARTO Receive Yes
59 LPUARTO Transmit Yes
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.

3.3.8.2 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 .

3.3.9 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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Peripheral
bridge 0
Register
access
Crossbar Transfers DMA Requests DMA
switch Controller Multiplexer

Figure 3-13. DMA Controller configuration

Table 3-20. 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

3.3.10 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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Peripheral
bridge 0

Register
access

External Watchdog
Monitor (EWM)

Module signals

Signal
multiplexing

Figure 3-14. External Watchdog Monitor configuration

Table 3-21. Reference links to related information

Topic

Related module

Reference

Full description

External Watchdog
Monitor (EWM)

EWM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Signal multiplexing

Port Control Module

Signal multiplexing

3.3.10.1 EWM clocks
This table shows the EWM clocks and the corresponding chip clocks.

Table 3-22. EWM clock connections

Module clock

Chip clock

Low Power Clock

1 kHz LPO Clock

3.3.10.2 EWM low-power modes

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

modes.
Table 3-23. EWM low-power modes
Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS, LLS
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3.3.10.3 EWM_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.

3.3.11 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 3-15. Watchdog configuration

Table 3-24. 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)

3.3.11.1 WDOG clocks

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

Table 3-25. WDOG clock connections

Module clock Chip clock
LPO Oscillator 1 kHz LPO Clock

Table continues on the next page...
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Table 3-25. WDOG clock connections (continued)

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

3.3.11.2 WDOG low-power modes

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

modes.
Table 3-26. WDOG low-power modes
Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS
Power Down LLS, VLLSx

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 3-16. MCG configuration

Table 3-27. 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. Within the context of the MCG
these are all referred to as the external reference clock and selection is determined by
MCG_C7[OSCSEL] bitfield. The following table shows the chip-specific clock

assignments for this bitfield.

Table 3-28. MCG Oscillator Reference Options

MCG_C7[OSCSEL] MCG defined Chip clock
selection
00 OSCCLKO - System OSCCLK - Undivided system oscillator output. Derived from external
Oscillator crystal circuit or 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 Module signals Signal
oscillator multiplexing

Figure 3-17. OSC configuration

Table 3-29. Reference links to related information

Topic Related module Reference
Full description osC 0SsC
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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Figure 3-18. RTC OSC configuration

Table 3-30. 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 3-19. Flash memory configuration

Table 3-31.

Reference links to related information

Topic

Related module

Reference

Full description

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

3.5.1.2 Flash Memory Sizes

The devices covered in this document contain:

* 1 block of program flash consisting of 2 KB sectors

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

Device Program flash (KB) Block 0 address range

MK22FN256VDC12 256 0x0000_0000—0x0003_FFFF
MK22FN256VLL12 256 0x0000_0000—0x0003_FFFF
MK22FN256VMP121 256 0x0000_0000—0x0003_FFFF
MK22FN256VLH12 256 0x0000_0000—0x0003_FFFF

1. This part number is subject to removal.

3.5.1.3 Flash Memory Map

The flash memory 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

Figure 3-20. Flash memory map

The on-chip Flash is implemented in a portion of the allocated Flash range to form a
contiguous block in the memory map beginning at address 0x0000_0000. See Flash
Memory Sizes for details of supported ranges.
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Accesses to the flash memory ranges outside the amount of Flash on the device causes
the bus cycle to be terminated with an error followed by the appropriate response in the
requesting bus master. Read collision events in which flash memory is accessed while a
flash memory resource is being manipulated by a flash command also generates a bus
eITor response.

3.5.1.4 Flash Security

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

3.5.1.5 Flash Program Restrictions

The flash memory on this device should not be programmed or erased while operating in
High Speed Run or VLPR power modes.

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.

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_CONTROL[O]. 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 FTF_FOPT Register

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

Figure 3-21. Flash memory controller configuration

Table 3-32. 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 Crossbar switch Crossbar Switch

Register access Peripheral bridge Peripheral bridge

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-Light Switch
Configuration for details on the master port assignments.

3.5.3 SRAM Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-22. SRAM configuration

Table 3-33. 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
ARM Cortex-M4 core ARM Cortex-M4 core

3.5.3.1 SRAM sizes

This device contains SRAM accessed by bus masters through the cross-bar switch. 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 Ox 1 FFF_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_L size SRAM_U size | Total SRAM (KB) Address Range
(KB) (KB)
MK22FN256VDC12 16 32 48 0x1FFF_C000-0x2000_7FFF
MK22FN256VLL12 16 32 48 0x1FFF_C000-0x2000_7FFF
MK22FN256VLH12 16 32 48 0x1FFF_C000-0x2000_7FFF
MK22FN256VMP 121 16 32 48 0x1FFF_C000-0x2000_7FFF
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1. This part number is subject to removal.

3.5.3.2 SRAM retention in low power modes
The SRAM is retained down to LLS3 and VLLS3 mode.
In LLS2 and VLLS2 the 16 KB region of SRAM_U from 0x2000_0000 is powered.

In VLLS1 and VLLSO no SRAM is retained; however, the 32-byte register file is
available.

3.5.4 System Register File Configuration

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

Peripheral
bridge O

Register
access

Register file

Figure 3-23. System Register file configuration

Table 3-34. 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. The
System Register file is made up of eight 4-byte registers REFSYS_REGn, where n ranges
from O to 7.
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Also, it retains contents during low-voltage detect (LVD) events and is only reset during
a power-on reset.

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 3-24. VBAT Register file configuration

Table 3-35. 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. The VBAT Register file is made up of eight 4-byte registers
RFVBAT_REGn, where n ranges from O to 7.

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
switch EzPort multiplexing

Figure 3-25. EzPort configuration

Table 3-36. 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.

3.6 Security
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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.

Peripheral
bridge

Register
access

CRC

Figure 3-26. CRC configuration

Table 3-37. 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 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.
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Random number
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Figure 3-27. RNG configuration

Table 3-38. 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

3.7 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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Figure 3-28. 16-bit SAR ADC configuration
Table 3-39. 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.
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3.7.1.3 ADCx 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 ADCO channel assignment
Table 3-40. ADCO Assignments

ADC Channel Channel Input signal (SC1n[DIFF]= 1) Input signal (SC1n[DIFF]= 0)
(SC1n[ADCH])
00000 DADO ADCO0_DP0 and ADCO_DMO! ADCO_DP0?2
00001 DAD1 ADCO_DP1 and ADC0O_DM1 ADCO_DP1
00010 DAD2 ADCO_DP2 and ADCO_DM23 ADCO_DP24
00011 DAD3 ADCO0_DP3 and ADCO_DM3° ADCO_DP3%
001007 AD4a Reserved Reserved
001017 AD5a Reserved Reserved
001107 AD6a Reserved Reserved
001117 AD7a Reserved Reserved
001007 AD4b Reserved ADCO_SE4b
001017 AD5b Reserved ADCO_SE5b
001107 AD6b Reserved ADCO_SE6b
001117 AD7b Reserved ADCO_SE7b
01000 AD8 Reserved ADCO_SE88
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 ADCO0_DM0'0
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

Table continues on the next page...
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Table 3-40. ADCO Assignments (continued)
ADC Channel Channel Input signal (SC1n[DIFF]= 1) Input signal (SC1n[DIFF]= 0)
(SC1n[ADCH])
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_DMS3
2. Interleaved with ADC1_DP3
3. Interleaved with ADC1_DP1 and ADC1_DM1
4. |Interleaved with ADC1_DP1
5. Interleaved with ADC1_DPO and ADC1_DMO0
6. Interleaved with ADC1_DPO
7. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter

for details.

8. Interleaved with ADC1_SES8

9. Interleaved with ADC1_SE9

10. Interleaved with ADC1_DMS3

11. This is the PMC bandgap 1V reference voltage and 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 ADC1 channel assighment

Table 3-41. ADC1 Assignments

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

(SC1n[ADCH])
00000 DADO ADC1_DPO0 and ADC1_DMO! ADC1_DP0?
00001 DAD1 ADC1_DP1 and ADC1_DM1 ADC1_DP1
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
00101% AD5b Reserved ADC1_SE5b
00110° AD6b Reserved ADC1_SE6b
001115 AD7b Reserved ADC1_SE7b
01000 AD8 Reserved ADC1_SES88
01001 AD9 Reserved ADC1_SE9”
01010 AD10 Reserved Reserved

Table continues on the next page...
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Table 3-41. ADC1 Assignments (continued)

ADC Channel Channel Input signal (SC1n[DIFF]= 1) Input signal (SC1n[DIFF]= 0)
(SC1n[ADCH])
01011 AD11 Reserved Reserved
01100 AD12 Reserved ADC1_SE12
01101 AD13 Reserved ADC1_SE13
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 VBAT
10111 AD23 Reserved 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 ADC0O_DMS3
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 and 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.

3.7.1.4 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.
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ADCx_SE4am——— AD4 [00100]
ADCx_SE5am——
ADCx_SE6am—— el WL R
ADCx_SE7a0——] ADC
ADCx_SE4bD A0t} )
ADCx_SE5SbO— ADT [00111]
ADCx_SE6bo—— >

ADCx_SE7b ——

Figure 3-29. 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_SE8 |
|
| ADCO
|
|
ADCO_SE9 : ® »| AD9
/ADC1_SE9 | |
| |
| |
| |
U »| ADS
|
|
| ADC1
|
|
——————————— »| AD9

Figure 3-30. ADC hardware interleaved channels integration

There are other pins on this device that have a similar interleave configuration, including
the plus side of differential pair pins available (for example ADCO_DPO and
ADCI1_DP3). Refer to the Signal Multiplexing and Pin Assignments table for this device.
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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 51 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 VBAT connection to ADC input channel

The VBAT supply input can be converted as a single ended input to ADC1 Channel 22.
When VBAT is greater than the selected voltage reference, the conversion result will
show a saturated result (~OxFFFF in 16-bit operation). When measuring the VBAT
voltage level the ADC should be configured for a long sample time
(ADC1_CFGI1[ADLSMP]=1, ADCI1_CFG2[ADLSTS]=00).

3.7.1.8 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.

Table 3-42. ADC Alternate trigger options

SIM_SOPT7[ADCxTRGSEL] Selected source
0000 PDB external trigger pin input (PDBO_EXTRG)
0001 CMPO output
0010 CMP1 output
0011 Reserved
0100 PIT trigger O
0101 PIT trigger 1

Table continues on the next page...
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Table 3-42. ADC Alternate trigger options (continued)

SIM_SOPT7[ADCxTRGSEL] Selected source
0110 PIT trigger 2
0111 PIT trigger 3
1000 FTMO trigger
1001 FTM1 trigger
1010 FTM2 trigger
1011 Reserved
1100 RTC alarm
1101 RTC seconds
1110 LPTMR trigger
1111 Reserved

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

3.7.1.9 ADC conversion clock options

The ADC has multiple input clock sources. Selection is determined by
ADCx_CFGI1[ADICLK] bitfield. The following table shows the chip-specific clock
assignments for this bitfield.

NOTE

The ALTCLK 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.

Table 3-43. ADC Conversion Clock Options

(ADACK)

within ADC block

ADCx_CFG1[ADICLK] ADC defined Chip clock Note
selection

00 Bus Clock Bus Clock

01 ALTCLK2 IRC48MCLK Note

10 ALTCLK OSCERCLK Note

11 Asynchronous clock N/A - sourced from Note!

1. For ADC operation in Compute only, PSTOP1,

Stop and VLPS, ADACK and the alternate clock sources are allowed clock
sources. Note however that ALTCLK2 is force disabled and therefore not available in VLPS.
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3.7.1.10 ADC low-power modes

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

Table 3-44. ADC low-power modes

Module mode Chip mode
Wait Wait, VLPW
Normal Stop Stop, VLPS
Low Power Stop LLS, VLLS3, 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.

Peripheral
bridge 0
Register
access
Module signals ;
Other peripherals CMP fwlglr':iillexing

Figure 3-31. CMP configuration

Table 3-45. 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.
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Table 3-46. CMP input connections

CMP Inputs CMPO CMP1
INO CMPO_INO CMP1_INO
IN1 CMPO_IN1 CMP1_IN1
IN2 CMPO_IN2 —
IN3 CMPO_IN3 12-bit DACO_OUT/CMP1_IN3
IN4 CMPO_IN4 —
IN5 VREF Output/CMPOQ_IN5 VREF Output/CMP1_IN5
IN6 Bandgap Bandgap
IN7 6b DACO Reference 6b DAC1 Reference

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
e VDD - Vin2 input

3.7.2.3 External window/sample input

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

3.7.2.4 CMP trigger mode

The CMP and 6-bit DAC sub-block supports trigger mode operation when the
CMPx_CRI[TRIGM] is set. When trigger mode is enabled, the trigger event will initiate
a compare sequence that must first enable the CMP and DAC prior to performing a CMP
operation and capturing the output. In this device, control for this two staged sequencing
is provided from the LPTMR. The LPTMR provides a single trigger output to all
implemented comparators. Through configuration of the CMPx_CRI1[TRIGM] bits the
trigger can be used to trigger a single comparator or multiple comparators concurrently.
The LPTMR triggering output is always enabled when the LPTMR is enabled. The first
signal is supplied to enable the CMP and DAC and is asserted at the same time as the
TCEF flag is set. The delay to the second signal that triggers the CMP to capture the result
of the compare operation is dependent on the LPTMR configuration. In Time Counter
mode with prescaler enabled, the delay is 1/2 Prescaler output period. In Time Counter
mode with prescaler bypassed, the delay is 1/2 Prescaler clock period.
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The delay between the first signal from LPTMR and the second signal from LPTMR
must be greater than the Analog comparator initialization delay as defined in the device
datasheet.

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.

Peripheral bus
controller 0

Register
access

Transfers . Module signals | gignal
Other peripherals 12-bit DAC 9

multiplexing

Figure 3-32. 12-bit DAC configuration

Table 3-47. 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 one 12-bit digital-to-analog converter (DAC) with programmable
reference generator output. The DAC includes a FIFO for DMA support.

3.7.3.2 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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3.7.3.3 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
DACREEF_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.

3.7.4 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 VREE Module signals | g
peripherals multiplexing

Figure 3-33. VREF configuration

Table 3-48. 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

3.7.4.1 VREF Overview

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

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

Figure 3-34. PDB configuration

Table 3-49. 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
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3.8.1.1 PDB Instantiation

3.8.1.1.1 PDB Output Triggers
Table 3-50. PDB output triggers

Number of PDB channels for ADC trigger 2
Number of pre-triggers per PDB channel 2
Number of DAC triggers 1
Number of PulseOut 2
3.8.1.1.2 PDB Input Trigger Connections
Table 3-51. PDB Input Trigger Options
PDB Trigger PDB Input
0000 External Trigger
0001 CMP 0
0010 CMP 1
0011 Reserved
0100 PIT Ch 0 Output
0101 PIT Ch 1 Output
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 Reserved
1100 RTC Alarm
1101 RTC Seconds
1110 LPTMR Output
1111 Software Trigger
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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 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

Back-to-back operation enables the ADC conversions complete to trigger the next PDB
channel pre-trigger and trigger output.

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

* PDB channel O trigger/pre-trigger 0 acknowledgement input: ADC1SC1B_COCO
* PDB channel 0 trigger/pre-trigger 1 acknowledgement input: ADCOSC1A_COCO
e PDB channel 1 trigger/pre-trigger 0 acknowledgement input: ADCOSC1B_COCO
* PDB channel 1 trigger/pre-trigger 1 acknowledgement input: ADC1SC1A_COCO

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

Channel 0
F’ pre-trigger 0
Channel 1 Channel 0
pre-trigger 1

pre-trigger 1
Figure 3-35. PDB back-to-back chain

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.
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* PDB interval trigger 0 connects to DACO 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 0: ADCOSC1A_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.

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 3-52. PDB pulse-out enable register

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

31:2 - 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.
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Figure 3-36. FlexTimer configuration

Table 3-53. Reference links to related information

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

3.8.2.1 Instantiation In

formation

This device contains three FlexTimer modules.

The following table shows how these modules are configured.

Table 3-54. 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

1. Only channels 0 and 1 are available.

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.
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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 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
* FTMO FAULTI = FTMO_FLT1 pin or CMP1 output
 FTMO FAULT?2 = FTMO_FLT?2 pin
 FTMO FAULT3 = FTMO_FLT?3 pin

« FTM1 FAULTO = FTM1_FLTO pin or CMPO output
« FTM1 FAULT1 = CMPI1 output

e FTM2 FAULTO = FTM2_FLTO pin or CMPO output
« FTM2 FAULTI1 = CMP1 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 = SIM_SOPTS[FTMOSYNCBIT] or CMPO Output or
FTM1 Match (when enabled in the FTM1 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 1 = PDB channel 1 Trigger Output or FTM2 Match (when
enabled in the FTM?2 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 2 = FTMO_FLTO pin

e FTM1 hardware trigger 0 = SIM_SOPTS[FTM1SYNCBIT] or CMPO Output
e FTM1 hardware trigger 1 = CMP1 Output
* FTM1 hardware trigger 2 = FTM1_FLTO pin
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e FTM2 hardware trigger 0 = SIM_SOPTS[FTM2SYNCBIT] or CMPO Output
e FTM2 hardware trigger 2 = FTM2_FLTO pin

Having FTMxSYNCBIT fields in the same SOPTx register allows the user to
synchronise all FTM timers via their respective TRIGO input. For the triggers with more
than one additional option, the SIM_SOPTH4 register implements control fields for
selecting the option.

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 FTM1 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

e FTM2 channel 1 input capture = FTM2_CHI1 pin or exclusive OR of FTM2_CHO,
FTM2_CHI, and FTM1_CHI. See FTM Hall sensor support.

NOTE
When the USB start of frame pulse option is selected as an
FTM channel input capture, disable the USB SOF token

interrupt in the USB Interrupt Enable register
(INTEN[SOFTOKEN]) to avoid USB enumeration conflicts.

3.8.2.8 FTM Hall sensor support

For 3 phase motor control sensor-ed applications the use of Hall sensors, generally 3
sensors placed 120 degrees apart around the rotor, are deployed to detect position and
speed. Each of the 3 sensors provides a pulse that applied to an input capture pin, can
then be analyzed and both speed and position can be deduced. This device has two 2-
channel FTMs. (FTM1 and FTM?2) and thus provides 4 input capture pins. To simplify
the calculations required by the CPU on each hall sensor's input, if all 3 inputs are
"exclusively OR'd " into one timer channel and the free running counter is refreshed on
every edge then this can simplify the speed calculation.

Via the SIM module and SIM_SOPT4 register the FTM2CH1SRC bit provides the choice
of normal FTM2_CHI1 input or the XOR of FTM2_CHO, FTM2_CHI1 and FTM1_CHI1
pins that will be applied to FTM2_CHI.

Note: If the user utilizes FTM1_CHI1 to be an input to FTM2_CHI1, FTM1_CHO can still
be utilized for other functions.
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Figure 3-37. FTM Hall Sensor Configuration

3.8.2.9 FTM modulation implementation

FTMO support a modulation function where the output channels when configured as
PWM or Output Compare mode modulate another timer output when the channel signal
is asserted. Any of the 8 channels of FTMO can be configured to support this modulation
function.

The SIM_SOPTS register has eight control bits (FTMOCHySRC) that allow the user to
select normal PWM/Output Compare mode on the corresponding FTM timer channel or
modulate with FTM1_CHI. The diagram below shows the implementation for FTMO.
See SIM Block Guide for further information.

When FTM1_CHI1 is used to modulate an FTMO channel, then the user must configure
FTM1_CHI to provide a signal that has a higher frequency than the modulated FTMO
channel output. Also it limits the use of the FTM1_CHO function, as the FTM1_CH1 will
be programmed to provide a 50% duty PWM signal and limit the start and modulus
values for the free running counter.
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SIM_SOPT8[FTMOCH7SRC]

¢ FTMO

Fimo_cH? [ Jee & |=< I CH7 |

[ ] [ J

® SIM_SOPT8[FTMOCHOSRC] °

® ¢ [ )

® [ )
FTMo_cHo [ | & |=< I CHO |

FTM1_CH1

Figure 3-38. FTM Output Modulation

3.8.2.10 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.

3.8.2.11 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:
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FTMA

CONF Register

GTBEOUT =0
FTMO GTBEEN =1 w
CONF Register . .
gtb_in gtb_in
CAECOLTE FTM Counter |
GTBEEN =1

FTM2

gtb_out

CONF Register

GTBEOUT =0
GTBEEN =1

gtb_in

Figure 3-39. FTM Global Time Base Configuration

3.8.2.12 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".

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 3-40. PIT configuration

Table 3-55. 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
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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.

Table 3-56. 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 3-41. LPTMR configuration

Table 3-57. 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

Table continues on the next page...
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Table 3-57. Reference links to related information (continued)

Topic

Related module

Reference

Signal Multiplexing

Signal Multiplexing

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
number

Chip clock

00

MCGIRCLK — internal reference clock
(not available in VLPS/LLS/VLLS
modes)

01

LPO — 1 kHz clock (not available in
VLLSO0 mode)

10

ERCLK32K — secondary external
reference clock

11

OSCERCLK_UNDIV — Undivided
external reference clock (not available in
VLLSO0 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
3

11

Reserved
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3.8.5 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.

Peripheral
bridge

Register
access

Module signals .
Signal

multiplexing

Real-time clock

Figure 3-42. RTC configuration

Table 3-58. 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

3.8.5.1 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 3-43. RTC_CLKOUT generation
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3.9 Communication interfaces

3.9.1 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.

* VBUS detect signal: To detect a valid VBUS in device mode, use a GPIO signal that
can wake the chip in all power modes. See VBUS detect.

» IRC48 with clock recovery block to eliminate the 48MHz crystal. This is available
for USB device mode only.

USB controller

USB voltage FS/LS
regulator transceiver

sl

VREGIN VOUT33 D+ D-

Figure 3-44. 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.
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3.9.1.1 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.

3.9.1.2 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).

NOTE
In the following examples, VREGIN is used instead of
VREG_INO. Similarly, VOUT33 is used instead of
VREGOUT. See Signal multiplexing and signal descriptions
for details on the signals for this device.

3.9.1.2.1 AA/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.
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2 AA Cells VDD
_______ To PMC and Pads
VOUT33
%4
Cstab L
L
TYPE A
VBUS VREGIN X USB
— L Regulator
— D+ . USBO0_DP
UsB
—  p- _—_ USB0_DM XCVR | |
—
—

Chip

usB
Controller

Figure 3-45. USB regulator AA cell usecase

3.9.1.2.2 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.

VDD
777777777777 To PMC and Pads
VOUT33
Cstab L
L
= Chip
jhis AVBU§3'2301 VREGIN uUsB
1
= @ jviN_ Regulator
Dy I
USB| | USB
= p. =& USB0_DP XCVR _[Controller
_ |vsS | Lilon— USBO_DM

\HH

Figure 3-46. USB regulator Li-ion usecase
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3.9.1.2.3 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
—————————————— To PMC and Pads
VOUT33
Cstab %
L
- Chip
TYPE A
VBUS VREGIN USB
] £ Regulator
7 D+ USB0_DP |
- | XCVR UsB
D- T USBO_DM UsB | |Controller
1
—

Figure 3-47. USB regulator bus supply

3.9.1.3 USB power management
The regulator should be put into STANDBY mode whenever the chip is in Stop mode.

3.9.1.4 VBUS detect

The USB FS controller does not include a dedicated VBUS detect pin. However, a GPIO
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 is 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 5V input.
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3.9.1.5 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
Transfers Module signals ;
Crossbar USB controller Signal
switch multiplexing

Figure 3-48. USB controller configuration

Table 3-59. 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
NOTE

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

3.9.1.6 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 3-49. USB Voltage Regulator configuration

Table 3-60. 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.

3.9.2 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

SPI Signal

multiplexing

Figure 3-50. SPI configuration

Table 3-61. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map

Table continues on the next page...
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Table 3-61. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Signal Multiplexing Port control Signal Multiplexing

3.9.2.1 SPI Modules Configuration

This device contains two SPI modules .

3.9.2.2 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.

3.9.2.3 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 SPIL.

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 CTARAO is used, and a subset of its bitfields sets the slave transfer
attributes.

3.9.2.4 TXFIFO size
Table 3-62. SPI transmit FIFO size

SPI Module Transmit FIFO size
SPIO 4
SPI

3.9.2.5 RXFIFO Size

SPI supports up to 16-bit frame size during reception.
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Table 3-63. SPI receive FIFO size

SPI Module Receive FIFO size
SPIO 4
SPH 1

3.9.2.6 Number of PCS signals

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

Table 3-64. SPI PCS signals

SPI Module PCS Signals
SPIO For packages with greater than 64 pins: SPI_PCS[5:0]
For packages with 64 pins: SPI_PCS[4:0]
SPI1 For packages with greater than 64 pins: SPI_PCS[3:0]
For packages with 64 pins: SPI_PCS[1:0]

3.9.2.7 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.

3.9.2.7.1 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.
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NOTE
It is 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.

3.9.2.8 SPI Doze Mode

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

3.9.2.9 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.

3.9.2.10 SPI clocks

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

Table 3-65. SPI clock connections

Module clock Chip clock

System Clock Bus Clock

3.9.2.11 Writing SPI Transmit FIFO

The SPI supports 8-bit or 16-bit writes to the PUSH TX FIFO, allowing a single write to
the command word followed by multiple writes to the transmit word. The TX FIFO will
save the last command word written, and convert a 8-bit/16-bit write to the transmit word

into a 32-bit write that pushes both the command word and transmit word into the TX
FIFO (PUSH TX FIFO Register In Master Mode)

A 32-bit write to the SPI_PUSH register will push all 32-bits to the TX FIFO. An 8-bit or
16-bit write to the 16-bit transmit data field will push the data together with the last
written command word. An 8-bit or 16-bit write to the command word does not push data
onto the FIFO, but that command word is pushed to the TX FIFO on all subsequent 8-bit
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or 16-bit writes to the transmit data field. This allows a single 16-bit write to the
command word to be used for all subsequent 8-bit or 16-bit writes to the transmit data
word. Writing a different 16-bit command word will cause all subsequent 8-bit or 16-bit
writes to the transmit data word to be pushed to the TX FIFO with the new command
word.

3.9.3 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.

Peripheral
bridge
Register
access
|2C Module signals Signal
multiplexing

Figure 3-51. 12C configuration

Table 3-66. 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

3.9.3.1 12C Instantiation Information
This device has two I2C modules.

The I2C module includes SMBus support and DMA support. It also has optional address
match wakeup in Stop/VLPS mode.

The digital glitch filter implemented in the IIC module, controlled by the
I12Cx_FLT[FLT] registers, is clocked from the bus clock and thus has filter granularity in
bus clock cycle counts.
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3.9.4 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 3-52. UART configuration

Table 3-67. 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

3.9.4.1 UART configuration information

This chip contains three UART modules. This section describes how each module is
configured on this device.

1. Standard features of all UARTs:
* RS-485 support
e Hardware flow control (RTS/CTS)
* 9-bit UART to support address mark with parity
* MSB/LSB configuration on data
2. UARTO and UARTT 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.
IrDA is available on all UARTS
UARTO contains the standard features plus ISO7816
UARTO contains 8-entry transmit and 8-entry receive FIFOs

SNk w

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

128 Freescale Semiconductor, Inc.



4
Chapter 3 Chip Configuration

6. All other UARTS contain a 1-entry transmit and receive FIFOs

3.9.4.2 UART wakeup

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

3.9.4.3 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 UART O UART 1 UART 2
Transmit data empty X X X
Transmit complete X X X

Idle line X X X
Receive data full X X X

LIN break detect X X X

RxD pin active edge X X X

Initial character detect X — —

The error interrupt combines the following interrupt sources:

Source UART O UART 1 UART 2
Receiver overrun X X X
Noise flag X X X
Framing error X X X
Parity error X X X
Transmitter buffer overflow X X X
Receiver buffer overflow X X X
Receiver buffer underflow X X X
Transmit threshold (ISO7816) | x — —
Receiver threshold (ISO7816) | x — —
Wait timer (ISO7816) X — —
Character wait timer X — —
(1ISO7816)

Block wait timer (1ISO7816) X — —

Table continues on the next page...
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Source UART O UART 1 UART 2
Guard time violation X — —
(1ISO7816)

ATR duration timer X — —
(1ISO7816)

3.9.5 LPUART 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
LPUART multiplexing

Figure 3-53. LPUART configuration

Table 3-68. Reference links to related information

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

3.9.5.1 LPUARTO overview

The LPUARTO module supports basic UART with DMA interface function and x4 to
x32 oversampling of baud-rate.

The module can remain functional in Stop and VLPS mode provided the clock it is using
remains enabled.

This module supports LIN slave operation.
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3.9.6 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.

Peripheral
bridge
Register
access
|2S Module signals Signal
multiplexing

Figure 3-54. I2S configuration

Table 3-69. Reference links to related information

Topic Related module Reference
Full description >I28 12S
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing Port control Signal Multiplexing

3.9.6.1 Instantiation information
This device contains one I2S module.

As configured on the device, module features include:
e TX data lines: 1
e RX data lines: 1
e FIFO size (words): 8
e Maximum words per frame: 16
e Maximum bit clock divider: 512

3.9.6.2 I2S/SAl clocking
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3.9.6.2.1 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.

3.9.6.2.2 Bit 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.

3.9.6.2.3 Bus Clock

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

3.9.6.2.4 [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 I2S/SAI module’s MCLK divider.

The following table shows the input clock selection options on this device.

Table 3-70. 12S0 MCLK input clock selection

MCR[MICS] Clock Selection
00 System clock
01 OSCOERCLK
10 Not supported
11 MCGPLLCLK, MCGFLLCLK, or IRC48MCLK

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.
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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.

The following table shows the TCR2[MSEL] and RCR2[MSEL] field settings for this
device.

Table 3-71. 12S0 master clock settings

TCR2[MSEL], RCR2[MSEL] Master Clock
00 Bus Clock
01 12S0_MCLK
10 Not supported
11 Not supported

3.9.6.2.5 Clock gating and I2S/SAl initialization

The clock to the I2S/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.

3.9.6.3 I2S/SAl operation in low power modes

3.9.6.3.1 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
is 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.

3.9.6.3.2 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 3-55. GPIO configuration

Table 3-72. 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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Chapter 3 Chip Configuration

Table 3-72. 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 Number of GPIO signals

The number of GPIO signals available on the devices covered by this document are

detailed in Orderable part numbers .

Eight GPIO pins support a high drive capability - PTBO, PTB1, PTD4, PTD5, PTD6,
PTD7, PTC3, and PTC4. All other GPIO support normal drive option only.

PTA4 includes a passive input filter that is enabled or disabled by PORTA_PCR4[PFE]
control. This reset default is to have this function disabled.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.

135



Human-machine interfaces

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

136 Freescale Semiconductor, Inc.




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 address spaces that are intended for specific purposes.

* There is an aliased region that maps a system address space to the Program flash
section. Flash region aliasing is specifically intended for references to 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.
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Table 4-1. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000-0x07FF_FFFF 1 Program flash and read-only data All masters
(Includes exception vectors in first 1024 bytes)
0x0800_0000-0x0FFF_FFFF Reserved —
0x1000_0000-0x1BFF_FFFF Reserved —
0x1C00_0000-0x1FFF_FFFF 2 SRAM_L: Lower SRAM (ICODE/DCODE) All masters
0x2000_0000—0x200F _FFFF 2 SRAM_U: Upper SRAM bitband region All masters

0x2010_0000-0x21FF_FFFF

Reserved

0x2200_0000-0x23FF_FFFF

Aliased to SRAM_U bitband

Cortex-M4 core
only

0x2400_0000-0x2FFF_FFFF

Reserved

0x3000_0000-0x33FF_FFFF '

Program Flash and read-only data

Cortex-M4 core
only

0x3400_0000-0x3FFF_FFFF

Reserved

0x4000_0000-0x4007_FFFF

Bitband region for peripheral bridge 0 (AIPS-Lite0)

Cortex-M4 core &
DMA/EzPort

0x4008_0000-0x400F_EFFF

Reserved

0x400F_F000-0x400F_FFFF

Bitband region for general purpose input/output (GPIO)

Cortex-M4 core &
DMA/EzPort

0x4010_0000-0x41FF_FFFF

Reserved

0x4200_0000-0x42FF_FFFF

Aliased to peripheral bridge (AIPS-Lite) bitband

Cortex-M4 core
only

0x4300_0000-0x43FD_FFFF

Reserved

0x43FE_0000-0x43FF_FFFF

Aliased to general purpose input/output (GPIO) bitband

Cortex-M4 core
only

0x4400_0000-0xDFFF_FFFF

Reserved

0xE000_0000-0xEOOF_FFFF

Private peripherals

Cortex-M4 core
only

0xE010_0000-0xFFFF_FFFF

Reserved

. 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.

NOTE

This range varies depending on amount of SRAM implemented for a particular device. See SRAM sizes for details.

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.
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Chapter 4 Memory Map

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 O 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

Bit-band region Alias bit-band region

31 0

w
H- =
o

1 MByte
o000

32 MByte

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.
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4.2.2 Flash Access Control Introduction

The Flash Access Control (FAC) is a Freescale or third-party configurable memory
protection scheme optimized to allow end users to utilize software libraries while offering
programmable restrictions to these libraries. The flash memory is divided into equal size
segments that provide protection to proprietary software libraries. The protection of these
segments is controlled as the FAC provides a cycle-by-cycle evaluation of the access
rights for each transaction routed to the on-chip flash memory. Configurability allows an
increasing number of protected segments while supporting two levels of vendors adding
their proprietary software to a device.

Flash access control aligns to the three privilege levels supported by ARM Cortex-M
family products where the most secure state - supervisor/privileged secure - aligns to the
execute-only and supervisor-only access control. The unsecure state of user non-secure
aligns to no access control states set, and the mid-level state where user secure aligns to
using the access control of execute-only.

Control for this protection scheme is implemented in Program Once NVM locations and
is configurable through a Program Once flash command operations. The NVM locations
controlling FAC are unaffected by Erase All Blocks flash command and debug interface
initiated mass erase operations.

NOTE
The FAC protection scheme has eight XACC and eight SACC
registers to control up to 64 segments. For program flash sizes
128KB or less, the memory is divided into 32 segments,
controlled by the four lower-order XACC and SACC registers.

4.3 Flash Memory Map

The flash memory 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

Figure 4-2. Flash memory map
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Chapter 4 Memory Map
The on-chip Flash is implemented in a portion of the allocated Flash range to form a
contiguous block in the memory map beginning at address 0x0000_0000. See Flash
Memory Sizes for details of supported ranges.

Accesses to the flash memory ranges outside the amount of Flash on the device causes
the bus cycle to be terminated with an error followed by the appropriate response in the
requesting bus master. Read collision events in which flash memory is accessed while a
flash memory resource is being manipulated by a flash command also generates a bus
eIror response.

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.

4.5 Peripheral bridge (AIPS-Lite) memory map
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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.

2. Read the written peripheral register to verify the write.

3. Continue with subsequent operations.

NOTE
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 —
0x4000_1000 1 —
0x4000_2000 2 —

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
0x4000_3000 3 —
0x4000_4000 4 —
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 —
0x4000_D000 13 —
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 —
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 —
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 Analog-to-digital converter (ADC) 1
0x4002_8000 40 —
0x4002_9000 41 Random Number Generator (RNGA)
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4002_A000 42 LPUARTO
0x4002_B000 43 —
0x4002_C000 44 SPIO
0x4002_D000 45 SPI 1
0x4002_E000 46 —
0x4002_F000 47 1250
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 —
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 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
0x4003_F000 63 DACO
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_FO000 79 —
0x4005_0000 80 —

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
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 —
0x4006_3000 99 —

0x4006_4000

100 Multi-purpose Clock Generator (MCG)

0x4006_5000

101 System oscillator (OSC)

0x4006_6000 102 [2C 0
0x4006_7000 103 12C 1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 UARTO
0x4006_B000 107 UART 1
0x4006_C000 108 UART 2
0x4006_D000 109 —

0x4006_E000

110 |—

0x4006_F000

1M1 |—

0x4007_0000

112 |—

0x4007_1000

13 |—

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 |—

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

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)
0x400F_F000 GPIO controller

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 4-3. PPB memory map

System 32-bit Address Range

Resource

0xE000_0000-0xEO00_OFFF

Instrumentation Trace Macrocell (ITM)

0xE000_1000-0xEO000_1FFF

Data Watchpoint and Trace (DWT)

0xE000_2000-0xE000_2FFF

Flash Patch and Breakpoint (FPB)

0xE000_3000-0xE000_DFFF

Reserved

O0xE000_E000-0xEQ00_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 Reserved
0xE004_2000-0xE004_2FFF Reserved
O0xE004_3000-0xE004_3FFF Reserved
0xE004_4000-0xE007_FFFF Reserved

0xE008_0000-0xE008_OFFF

Miscellaneous Control Module (MCM)

0xE008_1000-0xE008_1FFF

Reserved

0xE008_2000-0xEOOF_EFFF

Reserved

OxEOOF_F000-0xEOOF_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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OSsC MCG SIM
Multiplexers MCG_Cx MCG_Cx SIM_SOPT1, SIM_SOPT2
Dividers — MCG_Cx SIM_CLKDIVx
Clock gates OSC_CR MCG_CH1 SIM_SCGCx
MCG SIM
4 MHz IRC Il MCGIRCLK Clock options for
32 kHz IRC — MCGFFCLK } some peripherals
(see note)

OUTDIV1 Core / system clocks
ouTpive—{cG—— Bus clock

' FLL
l»[\ —N MCGOUTCLKF
L = L

OUTDIV4 Flash clock
FRDIV MCGFLLCLK
MCGPLLCLK \ \
- MCGPLLCLK/
PRDIV /—'—\ / MCGFLLOLK/

PLL

IRC48MCLK
5 O ~
System oscillator g %
IRC48MCLK ® c
EXTALOX—e ™ oscek * 58
L XTAL_CLK ) OSCERCLK_UNDIV "é 3
SR
osc o OSCERCLK > 2
XTALOXI—— logic 8o
0SC32KCLK \ EROLKaDK 3 é
o o
RTC oscillator ) PMC oo
EXTAL32 XI—— 0SC logic 32-7681k:2 PMC logic |tP2
XTAL32 X—— z
IRC48M internal oscillator j RTC_CLKOuT , )
IRC48M logic|—IRC48MCLK

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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Clock name

Description

Core clock

MCGOUTCLK divided by OUTDIV1 clocks the ARM Cortex-
M4 core

Platform clock

MCGOUTCLK divided by OUTDIV1, clocks the crossbar
switch and NVIC.

System clock

MCGOUTCLK divided by OUTDIV1, clocks the bus masters
directly. In addition, this clock is used for UARTO and UART1.

Bus clock MCGOUTCLK divided by OUTDIV2 clocks the bus slaves
and peripheral (excluding memories)

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, 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. MCGFLLCLK or MCGPLLCLK 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 OSCCLK that may
clock some on-chip modules. Dividable by 1, 2, 4, or 8.

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.
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Table 5-1. Clock Summary

Clock name

High Speed Run
mode

clock frequency

Run mode

clock frequency

VLPR mode

clock frequency

Clock source

Clock is disabled
when...

MCGOUTCLK

Up to 120 MHz

Up to 120 MHz

Up to 4 MHz

MCG

In all stop modes
except for partial
stop modes and
during PLL locking
when
MCGOUTCLK
derived from PLL.

MCGFLLCLK

Up to 100 MHz

Up to 100 MHz

N/A

MCG

MCG clock controls
do not enable.
Overriding forced
disable in all low
powers modes
(including STOP
and VLPx modes).

MCGPLLCLK

Up to 120 MHz

Up to 120 MHz

N/A

MCG

MCG clock controls
do not enable,

in Stop mode but
PLLSTEN=0,

orin VLPS, LLS
and VLLSx modes

Core clock

Up to 120 MHz

Up to 80 MHz

Up to 4 MHz

MCGOUTCLK
clock divider

In all wait and stop
modes

System clock

Up to 120 MHz

Up to 80 MHz

Up to 4 MHz

MCGOUTCLK
clock divider

In all stop modes
and Compute
Operation

Bus clock

Up to 60 MHz

Up to 50 MHz

Up to 4 MHz

MCGOUTCLK
clock divider

In all stop modes
except for partial
STOP2 mode, and
Compute Operation

Flash clock

Up to 26.67 MHz

Up to 26.67 MHz

Upto 1 MHz in
BLPE, Up to 800
kHz in BLPI

MCGOUTCLK
clock divider

In all stop modes
except for partial
STOP2 mode

Internal reference
(MCGIRCLK)

30-40 kHz or 4
MHz

30-40 kHz or 4
MHz

4 MHz only

MCG

MCG_C1[IRCLKEN
] cleared,

Stop or VLPS
mode and
MCG_C1[IREFSTE
N] cleared, or

LLS/VLLS mode

External reference
(OSCERCLK)

Up to 50 MHz
(bypass),
30-40 kHz, or

3-32 MHz (crystal)

Up to 50 MHz
(bypass),
30-40 kHz, or

3-32 MHz (crystal)

Up to 16 MHz
(bypass),

30-40 kHz (low-
range crystal) or

Up to 16 MHz
(high-range crystal)

System OSC

System OSC's
OSC_CRI[ERCLKE
N] cleared, or

Stop mode and
OSC_CRI[EREFST
EN] cleared

Table continues on the next page...
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Table 5-1. Clock Summary (continued)

Clock name

High Speed Run
mode

clock frequency

Run mode

clock frequency

VLPR mode

clock frequency

Clock source

Clock is disabled
when...

External reference |30-40 kHz 30-40 kHz 30-40 kHz System OSC or System OSC's
32kHz LPO or RTC OSC |OSC_CR[ERCLKE
depending on N] cleared
(ERCLK32K) SIM_SOPT1[OSC3 .
OKSEL] or RTC's
RTC_CR[OSCE]
cleared
Internal 48 MHz |48 MHz 48 MHz N/A IRC48M USB MCG or SIM
clock control does not
(IRC48MCLK) enable.
Overriding forced
disable in VLPS,
LLSx, VLLSKx.
RTC_CLKOUT |1 Hz or 32 kHz 1 Hz or 32 kHz 1 Hz or 32 kHz RTC clock RTC_CLKOUT is

disabled in LLS and
VLLSx modes.
Overriding clocking
is possible via
SIM_SOPT1[OSC3
2KOUT] to drive
CLKOUT32K out in
all low power

modes.

CLKOUT32K 32 kHz 32 kHz 32 kHz ERCLK32K - which |SIM_SOPT1[OSC3
is system OSC or |2KOUT] not
LPO or RTC OSC |configured to drive
depending on ERCLK32K out.
SIM_SOPT1[OSC3
2KSEL]

LPO 1 kHz 1 kHz 1 kHz PMC in VLLSO

USB FS clock |48 MHz 48 MHz N/A IRC48MCLK USB FS OTG is
orMCGPLLCLK or |disabled
MCGFLLCLK with
fractional clock
divider, or
USB_CLKIN

I2S master clock |Up to 25 MHz Up to 25 MHz Up to 12.5 MHz System clock , I2S is disabled

MCGPLLCLK,
IRC48MCLK,
OSCERCLK with
fractional clock
divider, or
12S_CLKIN

TRACE clock Up to 120 MHz Up to 120 MHz Up to 4 MHz System clock or Trace is disabled
MCGOUTCLK

Table continues on the next page...
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Table 5-1. Clock Summary (continued)

Clock name High Speed Run | Run mode VLPR mode Clock source Clock is disabled
mode when...
clock frequency | clock frequency
clock frequency
LPUARTO clock |Up to 100 MHz Up to 100MHz Up to 16MHz MCGFLLCLK or LPUARTO is

IRC48MCLK or  |diSabled
MCGIRCLK or
OSCERCLK

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 in HSRUN, 80

MHz or slower in RUN.

2. The bus clock frequency must be programmed to 60 MHz or less in HSRUN, 50
MHz or less in RUN, and an integer divide of the core clock. The core clock to bus
clock ratio is limited to a max value of 8.

3. The flash clock frequency must be programmed to 26.67 MHz or less, less than or
equal to the bus clock, and an integer divide of the core clock. The core clock to flash

clock ratio is limited to a max value of 8.

The following are a few of the more common clock configurations for this device:

Option 1:
Clock Frequency
Core clock 50 MHz
System clock 50 MHz
Bus clock 50 MHz
Flash clock 25 MHz

Option 2: Run

Clock Frequency
Core clock 80 MHz
System clock 80 MHz

Table continues on the next page...
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Clock Frequency
Bus clock 40 MHz
Flash clock 26.67 MHz

Option 3: High Speed Run

Clock Frequency
Core clock 120 MHz
System clock 120 MHz
Bus clock 60 MHz
Flash clock 24 MHz

5.5.1 Clock divider values after reset

Each clock divider is programmed via the SIM module’s CLKDIVr registers. The flash
memory's FTF_FOPT[LPBOOQOT] bit controls the reset value of the core clock, system
clock, bus clock, and flash clock dividers as shown below:

FTF_FOPT Core/system clock | Bus clock Flash clock Description
[LPBOOT]
0 0x7 (divide by 8) 0x7 (divide by 8) OxF (divide by 16) Low power boot
1 0x0 (divide by 1) 0x0 (divide by 1) 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 and bus clocks are less than or equal to 4 MHz, and
* the flash memory clock is less than or equal to 1 MHz
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Clock Gating
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.

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.

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 — —

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 —
LLWU, PMC, SIM, RCM Flash clock LPO —

Table continues on the next page...
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Module Bus interface clock Internal clocks I/0 interface clocks
Mode controller Flash clock — —
MCM System clock — —
EWM Bus clock LPO —
Watchdog timer Bus clock LPO —
Clocks
MCG Flash clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCCLK, RTC OSC,
IRC48MCLK
OSC Bus clock OSCERCLK, OSCCLK, —
OSCERCLK_UNDIV,
OSC32KCLK
IRC48M — IRC48MCLK —

Memory and memory interfaces

Flash Controller System clock Flash clock —
Flash memory Flash clock = =
EzPort System clock — EZP_CLK
Security
CRC Bus clock — —
RNGA Bus clock — —
Analog
ADC Bus clock OSCERCLK , IRC48MCLK —
CMP Bus clock — —
DAC Bus clock — —
VREF Flash clock — —
Timers
PDB Bus clock — —
FlexTimers Bus clock MCGFFCLK FTM_CLKINx
PIT Bus clock — —
LPTMR Flash clock LPO, OSCERCLK_UNDIV, —
MCGIRCLK, ERCLK32K
RTC Flash clock EXTAL32 —
Communication interfaces
USB FS OTG System clock USB FS clock —
DSPI Bus clock — DSPI_SCK
12C Bus clock — I2C_SCL
UARTO, UART1 System clock — —
UART2 Bus clock — —
LPUARTO Bus clock LPUARTO clock —
12S Bus clock I2S master clock [2S_TX_BCLK,
12S_RX_BCLK

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

Human-machine interfaces
GPIO | Platform clock | — | —

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 except VLLSO. 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
High Speed Run, Run, WAIT and Stop modes of operation. IRC48MCLK is also
available in Compute Only, PSTOP2 and PSTOP1 modes of operation when entered
from Run mode. 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 any of the following control settings while operating in these
modes:

» USB Control register enables — enabled when
USB_CLK_RECOVER_IRC_EN[IRC_EN]=1

* MCG Control register selects IRC48 MHz clock (enabled when
MCG_C7[OSCSEL]=10) and either MCG is configured in an external clocking
mode (PBE, BLPE, PEE, FBE or FEE) or MCG_C5[PLLCLKENO] = 1.

* SIM Control register selects IRC48 MHz clock — enabled when
SIM_SOPT2[PLLFLLSEL]=11
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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.

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 ADC alternate clock source
e clock source for LPUART communications
* clock source for I2S/SAI communications

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 ——

|

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.
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MCGOUTCLK ———

TRACECLKIN
S Debug

Core / system clock ———

d

SIM_SOPT2[TRACECLKSEL]

Figure 5-3. Trace clock generation

5.7.5 PORT digital filter clocking
The digital filters in the PORTD module can be clocked as shown in the following figure.

NOTE
In stop mode, the digital input filters are bypassed unless they
are configured to run from the 1 kHz LPO clock source.

Bus clock ——

PORTX digital input
filter clock

LPO

d

PORTx_DFCRI[CS]
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.

NOTE
The chosen clock must remain enabled if the LPTMRX is to
continue operating in all required low-power modes.
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MCGIRCLK ———
LPO LPTMRXx prescaler/glitch
ERCLK32K filter clock

OSCERCLK_UNDIV —

|

LPTMRx_PSRI[PCS]

Figure 5-5. LPTMRXx prescaler/glitch filter clock generation

5.7.7 RTC_CLKOUT and CLKOUT32K clocking

When the RTC is enabled, the RTC_CLKOUT signal can be configured to drive to an
external pin via the associated pin muxing control, as shown below.

NOTE
RTC_CLKOUT is disabled in LLSx and VLLSx modes.

CLKOUT32K, controlled by SIM_SOPT1[OSC32KOUT], can also be driven on the pins
where the RTC_CLKOUT signal is an option, overriding the existing pin mux
configuration for that pin. The CLKOUT32K function is available in all modes of
operation. In VLLS0 mode only the RTC oscillator is available.

PTEO is available in all packages for this device. PTE26 is not available in 64-pin
packages for this device.
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SIM_SOPT1[OSC32KSEL]
SIM_SOPT1[0SC32KOUT]

01
OSC32KCLK ——>{ 00 —
LPO 11 10 Other
modules
10 Pad
interface [ PTE26/CLKOUT32K
Other
RTC_CR[CLKO] modules
RTC 32kHz clock QJ/C 1
RTC_CLKOUT

RTC 1Hz clock ——=| 0

1

SIM_SOPT2[RTCCLKOUTSEL]

Figure 5-6. RTC_CLKOUT and CLKOUT32K 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.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

160 Freescale Semiconductor, Inc.



Chapter 5 Clock Distribution

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. The IRC48MCLK is only usable as a USB
clock source in USB Device operation with the USB Clock
Recover function enabled.

5.7.9 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.

5.7.10 LPUARTO clocking
The LPUARTO module has a selectable clock as shown in the following figure.

NOTE
The chosen clock must remain enabled if the LPUARTO is to
continue operating in all required low-power modes.
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MCGIRCLK
OSCERCLK
—> LPUARTO clock
MCGFLLCLK \
MCGPLLCLK
IRC48MCLK /H

SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[LPUARTSRC]

Figure 5-8. LPUARTO clock generation

5.7.11 [I?S/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 I2S/SAI transmitter and receiver support asynchronous bit clocks (BCLKSs) 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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IRC48MCLK ﬁ
MCGPLLCLK 01 1
MCGFLLCLK 00 10
OSCERCLK—o1
00,

System Clock

Fractional
Clock
Divider

Chapter 5 Clock Distribution

MCLK

12S/SAI
12Sx_TCR2/RCR2

1 Bit
10 Clock
Divider

01
Bus Clock—{0

SIM_SOPT2[PLLFLLSEL]

T
[MSEL]  [DIV]
12Sx_MCR[MOE]
12Sx_MDR[FRACT,DIVIDE]

12Sx_MCR[MICS]

BCLK_OUT

BCLK
BCLK_IN

[BCD]

MCLK_IN  MCLK_OUT Direction

Control

Pad Interface Logic

Figure 5-9. 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.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 165




Reset

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 (V[ 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:

* Reads the start SP (SP_main) from vector-table offset O

» Reads the start PC from vector-table offset 4

* LR 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)
* TCK in pull-down (PD)
* TMS in PU

and associated output pin configured as:

e TDO with no pull-down or pull-up
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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:

e 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. RCM_RPFC[RSTFLTSS], RCM_RPFC[RSTFLTSRW], and
RCM_RPFW[RSTFLTSEL] 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.

For all stop modes where LPO clock is still active (Stop, VLPS, LLS, VLLS3, VLLS2,
and VLLS1), the only filtering option is the LPO-based digital filter. The filtering logic
either switches to bypass operation or has continued filtering operation depending on the
filtering mode selected. 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.

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 hsrun, 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
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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.
* 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.

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 fio¢ 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.
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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.

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.
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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.

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.
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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_b 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).

6.2.3.7 Chip Reset

Chip Reset asserts on all reset sources and only negates after flash initialization has
completed and the RESET_b pin has also negated. It resets the remaining modules (the
modules not reset by other reset types).
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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.

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:

* SWJ-DP
 AHB-AP
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» TPIU
* MDM-AP (MDM control and status registers)

CDBGRSTREQ does not reset the debug-related registers within the following modules:

* CM4 core (core debug registers: DHCSR, DCRSR, DCRDR, DEMCR)
 FPB

« DWT

o ITM

e NVIC

e Crossbar bus switch!

« AHB-AP!

e 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.

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)

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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6.3.3 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.

NOTE
Reserved bits in the option byte should be left in their default
erased state of logic 1. FOPT[7:0] = 0x00 is not a valid
configuration. FOPT register is written to OxFF if the contents
of NVM's option byte in the flash configuration field is 0x00.

Table 6-3. Flash Option Register Bit Definitions

Bit Field Value Definition
Num
7-6 Reserved Reserved for future expansion.
5 FAST_INIT Select initialization speed on POR, VLLSXx, and any system reset.
0 Slower initialization. The Flash initialization will be slower with the benefit of

reduced average current during this time. The duration of the recovery will be
controlled by the clock divider selection determined by the LPBOOT setting.

1 Fast Initialization.The Flash has faster recoveries at the expense of higher current
during these times.
4-3 Reserved Reserved for future expansion.
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.

1 EzPort operation is enabled. The state of EZP_CS pin during reset determines if
device enters EzPort mode.

Table continues on the next page...
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Table 6-3. Flash Option Register Bit Definitions (continued)

Bit
Num

Field Value Definition

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. The recovery times are also extended if the
FAST_INIT option is not selected.

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)is 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)is 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 is held on internal logic, the RESET pin is driven out low, and the
MCAQG 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 reset to disabled).

. The system reset on internal logic continues to be held, but the Flash Controller is

released from reset and begins initialization operation while the Reset Control logic
continues to drive the RESET pin out low.

Early in reset sequencing the NVM option byte is read and stored to the Flash
Memory module's FOPT register. If the LPBOOT is programmed for an alternate
clock divider reset value, the system/core clock is switched to a slower clock speed.
If the FAST_INIT bit is programmed clear, the Flash initialization switches to slower
clock resulting longer recovery times.

When Flash Initialization completes, the RESET pin is released. If RESET continues
to be asserted (an indication of a slow rise time on the RESET pin or external drive
in low), the system continues to be held in reset. Once the RESET pin is detected
high, the Core clock is enabled and the system is released from reset. EzPort mode is
selected instead of the normal CPU execution if EZP_CS is low when the internal
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reset is deasserted. EzPort mode can be disabled by programming the
FOPT[EZPORT_DIS] field in the Flash Memory module.

6. 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.

Subsequent system resets follow this same reset flow.
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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 Clocking modes

Information found here describes the various clocking modes supported on this device.

7.2.1 Partial Stop

Partial Stop is a clocking option that can be taken instead of entering Stop mode and is
configured in the SMC Stop Control Register (SMC_STOPCTRL). The Stop mode is
only partially entered, which leaves some additional functionality alive at the expense of
higher power consumption. Partial Stop can be entered from either Run mode or VLLP
Run mode.

When configured for PSTOP2, only the core and system clocks are gated and the bus
clock remains active. The bus masters and bus slaves clocked by the system clock enter
Stop mode, but the bus slaves clocked by bus clock remain in Run (or VLP Run) mode.
The clock generators in the MCG and the on-chip regulator in the PMC also remain in
Run (or VLP Run) mode. Exit from PSTOP2 can be initiated by a reset, an asynchronous
interrupt from a bus master or bus slave clocked by the system clock, or a synchronous
interrupt from a bus slave clocked by the bus clock. If configured, a DMA request (using
the asynchronous DMA wakeup) can also be used to exit Partial Stop for the duration of a
DMA transfer before the device is transitioned back into PSTOP2.
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When configured for PSTOP1, both the system clock and bus clock are gated. All bus
masters and bus slaves enter Stop mode, but the clock generators in the MCG and the on-
chip regulator in the PMC remain in Run (or VLP Run) mode. Exit from PSTOP1 can be
initiated by a reset or an asynchronous interrupt from a bus master or bus slave. If
configured, an asynchronous DMA request can also be used to exit Partial Stop for the
duration of a DMA transfer before the device is transitioned back into PSTOPI.

PSTOPI1 is functionally similar to Stop mode, but offers faster wake-up at the expense of
higher power consumption. Another benefit is that it keeps all of the MCG clocks
enabled, which can be useful for some of the asynchronous peripherals that can remain
functional in Stop modes.

7.2.2 DMA Wakeup

The DMA can be configured to wake the device on a DMA request whenever it is placed
in Stop mode. The wake-up is configured per DMA channel and is supported in Compute
Operation, PSTOP, STOP, and VLPS low power modes.

When a DMA wake-up is detected in PSTOP, STOP or VLPS then the device will initiate
a normal exit from the low power mode. This can include restoring the on-chip regulator
and internal power switches, enabling the clock generators in the MCG, enabling the
system and bus clocks (but not the core clock) and negating the stop mode signal to the
bus masters and bus slaves. The only difference is that the CPU will remain in the low
power mode with the CPU clock disabled.

During Compute Operation, a DMA wake-up will initiate a normal exit from Compute
Operation. This includes enabling the clocks and negating the stop mode signal to the bus
masters and bus slaves. The core clock always remains enabled during Compute
Operation.

Since the DMA wakeup will enable the clocks and negate the stop mode signals to all bus
masters and slaves, software needs to ensure that bus masters and slaves that are not
involved with the DMA wake-up and transfer remain in a known state. That can be
accomplished by disabling the modules before entry into the low power mode or by
setting the Doze enable bit in selected modules.

Once the DMA request that initiated the wake-up negates and the DMA completes the
current transfer, the device will transition back to the original low-power mode. This
includes requesting all non-CPU bus masters to enter Stop mode and then requesting bus
slaves to enter Stop mode. In STOP and VLPS modes the MCG and PMC would then
also enter their appropriate modes.
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NOTE
If the requested DMA transfer cannot cause the DMA request
to negate then the device will remain in a higher power state
until the low power mode is fully exited.

An enabled DMA wake-up can cause an aborted entry into the low power mode, if the
DMA request asserts during the stop mode entry sequence (or reentry if the request
asserts during a DMA wakeup) and can cause the SMC to assert its Stop Abort flag. Once
the DMA wake-up completes, entry into the low power mode will restart.

An interrupt that occurs during a DMA wake-up will cause an immediate exit from the
low power mode (this is optional for Compute Operation) without impacting the DMA
transfer.

A DMA wake-up can be generated by either a synchronous DMA request or an
asynchronous DMA request. Not all peripherals can generate an asynchronous DMA
request in stop modes, although in general if a peripheral can generate synchronous DMA
requests and also supports asynchronous interrupts in stop modes, then it can generate an
asynchronous DMA request.

7.2.3 Compute Operation

Compute Operation is an execution or compute-only mode of operation that keeps the
CPU enabled with full access to the SRAM and Flash read port, but places all other bus
masters and bus slaves into their stop mode. Compute Operation can be enabled in Run
mode, HSRUN mode, or VLP Run mode.

NOTE
Do not enter any stop mode without first exiting Compute
Operation.

Because Compute Operation reuses the stop mode logic (including the staged entry with
bus masters disabled before bus slaves), any bus master or bus slave that can remain
functional in stop mode also remains functional in Compute Operation, including
generation of asynchronous interrupts and DMA requests. When enabling Compute
Operation in Run mode, module functionality for bus masters and slaves is the equivalent
of STOP mode. When enabling Compute Operation in VLP Run mode, module
functionality for bus masters and slaves is the equivalent of VLPS mode. The MCG,
PMC, SRAM and Flash read port are not affected by Compute Operation, although the
Flash register interface is disabled.
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During Compute Operation, the AIPS peripheral space is disabled and attempted accesses
generate bus errors. The private peripheral bus (PPB) remains accessible during Compute
Operation, including the MCM, System Control Space (SCS) (for NVIC and FPU), and
SysTick. Although access to the GPIO registers is supported, the GPIO port data input
registers do not return valid data since clocks are disabled to the Port Control and
Interrupt modules. By writing to the GPIO port data output registers, it is possible to
control those GPIO ports that are configured as output pins.

Compute Operation is controlled by the CPO register in the MCM, which is only
accessible to the CPU. Setting or clearing the CPOREQ bit in the MCM initiates entry or
exit into Compute Operation. Compute Operation can also be configured to exit
automatically on detection of an interrupt, which is required in order to service most
interrupts. Only the core system interrupts (exceptions, including NMI and SysTick) and
any edge sensitive interrupts can be serviced without exiting Compute Operation.

When entering Compute Operation, the CPOACK status bit indicates when entry has
completed. When exiting Compute Operation in Run mode, the CPOACK status bit
negates immediately. When exiting Compute Operation in VLP Run mode, the exit is
delayed to allow the PMC to handle the change in power consumption. This delay means
the CPOACK bit is polled to determine when the AIPS peripheral space can be accessed
without generating a bus error.

The DMA wakeup is also supported during Compute Operation and causes the CPOACK
status bit to clear and the AIPS peripheral space to be accessible for the duration of the
DMA wakeup. At the completion of the DMA wakeup, the device transitions back into
Compute Operation.

7.2.4 Peripheral Doze

Several peripherals support a Peripheral Doze mode, where a register bit can be used to
disable the peripheral for the duration of a low-power mode. The flash memory can also
be placed in a low-power state during Peripheral Doze via a register bit in the SIM.

Peripheral Doze is defined to include all of the modes of operation listed below.

e The CPU is in Wait mode.

e The CPU is in Stop mode, including the entry sequence and for the duration of a
DMA wakeup.

* The CPU is in Compute Operation, including the entry sequence and for the duration
of a DMA wakeup.
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Peripheral Doze can therefore be used to disable selected bus masters or slaves for the
duration of WAIT or VLPW mode. It can also be used to disable selected bus slaves
immediately on entry into any stop mode (or Compute Operation), instead of waiting for
the bus masters to acknowledge the entry as part of the stop entry sequence. Finally, it
can be used to disable selected bus masters or slaves that should remain inactive during a
DMA wakeup.

If the flash memory is not being accessed during WAIT and PSTOP modes, then the
Flash Doze mode can be used to reduce power consumption, at the expense of a slightly
longer wake-up when executing code and vectors from flash. It can also be used to reduce
power consumption during Compute Operation when executing code and vectors from

SRAM.

7.2.5 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.

7.3 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.

Stop mode entry is not supported directly from HSRUN and requires transition to Run
prior to an attempt to enter a stop mode.
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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 Default mode out of reset; on-chip voltage regulator is on. Run -
High Speed run | Allows maximum performance of chip. In this state, the MCU is able to Run -
operate at a faster frequency compared to normal run mode.
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 -
Power Run) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (1 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).
LLS3 (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop3) [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).
LLS2 (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop2) [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.

A portion of SRAM_U remains powered on (content retained and /O

states held).

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
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 1/0
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 32-byte VBAT register file remain powered for
customer-critical data.
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 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. Resumes normal run mode operation by executing the LLWU interrupt service routine.
3. Follows the reset flow with the LLWU interrupt flag set for the NVIC.

7.4 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 WFE 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.
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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.

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
MCQG is cleared after VLLSx recovery and the oscillator will stop when ACKISO is
cleared unless the register is re-configured.

7.5 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 mode(s) 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

7.6 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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* 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),
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.

7.7 Flash Program Restrictions

The flash memory on this device should not be programmed or erased while operating in
High Speed Run or VLPR power modes.

7.8 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. The standard behavior is shown with some exceptions for
Compute Operation (CPO) and Partial Stop2 (PSTOP2).

(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.

* Async operation = Fully functional with alternate clock source, provided the selected
clock source remains enabled

* static = Module register states and associated memories are retained.

* powered = Memory is powered to retain contents.

* low power = Memory is powered to retain contents in a lower power state
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* OFF = Modules are powered off; module is in reset state upon wakeup. For clocks,

OFF means disabled.
» wakeup = Modules can serve as a wakeup source for the chip.

Table 7-2. Module operation in low power modes

Modules | VLPR VLPW | Stop | VLPS LLSx VLLSx
Core modules
NVIC | FF FF | static | static static OFF
System modules
Mode Controller FF FF FF FF FF FF
LLwU'! static static static static FF FF2
Regulator low power low power ON low power low power low power in
VLLS2/3, OFF in
VLLS0/1
LVD disabled disabled ON disabled disabled disabled
Brown-out ON ON ON ON ON ONin
Detection VLLS1/2/3,
optionally
disabled in
VLLS0?3
DMA FF FF Async operation | Async operation static OFF
Async operation
in CPO
Watchdog FF FF FF FF static OFF
EWM FF static static static static OFF
static in CPO FF in PSTOP2
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) | max of 16 MHz | max of 16 MHz optional max of 16 MHz | range/low power | range/low power
crystal crystal crystal in VLLS1/2/3,
OFF in VLLSO
MCG 4 MHz IRC 4 MHz IRC static - static - static - no clock OFF
MCGIRCLK MCGIRCLK output
optional ; PLL | optional (4 MHz
optionally on but IRC only).
gated
Core clock 4 MHz max OFF OFF OFF OFF OFF
Platform clock 4 MHz max 4 MHz max OFF OFF OFF OFF
System clock 4 MHz max 4 MHz max OFF OFF OFF OFF
OFF in CPO

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

static, address
match wakeup
in CPO

match wakeup
FF in PSTOP2

match wakeup

Modules VLPR VLPW Stop VLPS LLSx VLLSx
Bus clock 4 MHz max 4 MHz max OFF OFF OFF OFF
OFF in CPO 50 MHz max in
PSTOP2 from
RUN
4 MHz max in
PSTOP2 from
VLPR
Memory and memory interfaces
Flash 1 MHz max low power low power low power OFF OFF
access - no
program/erase
No register
access in CPO
System RAM low power low power low power low power low power in low power in
(SRAM_U and LLSS, partial in | VLLS3, partial in
SRAM_L) 4 LLS2 VLLS2;
otherwise OFF
VBAT Register powered powered powered powered powered powered
file®
System Register powered powered powered powered powered powered
files
EzPort disabled disabled disabled disabled disabled disabled
Communication interfaces
USB FS/LS static, wakeup | static, wakeup | static, wakeup | static, wakeup static OFF
on resume on resume on resume on resume
USB Voltage optional optional optional optional optional optional
Regulator
UARTO, UART1 250 kbit/s 250 kbit/s static, wakeup | static, wakeup static OFF
static, wakeup on edge on edge
on edge in CPO
UART2 250kbit/s 250 kbit/s static, wakeup | static, wakeup static OFF
static, wakeup on edge on edge
on edge in CPO FF in PSTOP2
LPUARTO 4 Mbps 4 Mbps Async operation | Async operation static OFF
Async operation FF in PSTOP2
in CPO
SPI 1 Mbit/s (slave) | 1 Mbit/s (slave) static static static OFF
2 Mbit/s 2 Mbit/s FF in PSTOP2
(master) (master)
static in CPO
12C 200 kbit/s 200 kbit/s static, address | static, address static OFF

Table continues on the next page...
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Chapter 7 Power Management

Table 7-2. Module operation in low power modes (continued)

GPIO write only
in CPO

FF in PSTOP2

Modules VLPR VLPW Stop VLPS LLSx VLLSx
12S FF FF Async operation | FF with external static OFF
. with external clock®
Async operation clock®
in CPO
FF in PSTOP2
Security
CRC FF FF static static static OFF
static in CPO
RNG FF FF static static static OFF
static in CPO static in CPO
Timers
FTM FF FF static static static OFF
static in CPO FF in PSTOP2
PIT FF FF static static static OFF
static in CPO FF in PSTOP2
PDB FF FF static static static OFF
static in CPO FF in PSTOP2
LPTMR FF FF Async operation | Async operation | Async operation Async
a7
FF in PSTOP2 operation
RTC - 32kHz FF FF Async operation | Async operation Async Async
5 A8 A8
0SC Async operation FF in PSTOP2 operation operation
in CPO
Analog
16-bit ADC FF FF ADACK, ADACK and static OFF
ALTCLK clocks o y
only in CPO y
FF in PSTOP2
CMP?® FF FF HS or LS HS or LS LS compare LS compare in
HS or LS compare compare VLl}fyif;s,é)FF
compare in CPO FF in PSTOP2
6-bit DAC FF FF static static static static, OFF in
. . VLLSO
static in CPO FF in PSTOP2
VREF FF FF FF FF static OFF
12-bit DAC FF FF static static static static
static in CPO FF in PSTOP2
Human-machine interfaces
GPIO FF FF static output, static output, static, pins OFF, pins
wakeup input wakeup input 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.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.

189



Module Operation in Low Power Modes

©oN O

Since LPO clock source is disabled, filters will be bypassed during VLLSO

The SMC_STOPCTRL[PORPOQ] bit in the SMC module controls this option.

A 16 KB portion of SRAM_U block is in low power when MCU is in low power modes LLS2 and VLLS2. The remaining
System RAM is OFF in LLS2 and VLLS2.

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. Pulse counting is available in all modes.
RTC_CLKOUT is not available. CLKOUT32K can be configured as an alternate path of supplying 32 kHz.

CMP in stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in LLSx
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, LLSx, or VLLSx modes.
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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 EzPort

When flash security is 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 1s 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.

8.3.2 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.

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:

* IEEE 1149.1 JTAG

* IEEE 1149.7 JTAG (cJTAG)

 Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface(1-pin asynchronous mode only)

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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INTNMI » _Interrupts
—_— . ,  Sleep
INTISR[239:0}+> NVIC [« » Core
<+—+o—SLEEPING . Debug
—SLEEPDEEP Instr. Data
A A
Trace port
(serial wire
Y or multi-pin)
AWIC |« TPIU >
—
A
\A 4 MCM
¢—p FPB *» DWT - IT™M
Private Peripheral Bus 7
(internal)
APB ROM
i/f ¢ P Table
l-code bus | T~
Bus v Code bus ;
»| Matrix D-code bus >
/
SW} swy-pp »| AHB-AP > System bus >
JTAG
» MDM-AP

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

IT™M S/W Instrumentation Messaging + Simple Data Trace
Messaging + Watchpoint Messaging

DWT (Data and Address Watchpoints) 4 data and address watchpoints

Table continues on the next page...
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Table 9-1. Debug Components Description (continued)

Module

Description

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 FPB 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)

Asynchronous Mode (1-pin) = TRACE_SWO (available on
JTAG_TDO)

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

9.2 The Debug Port

The configuration of the cJTAG module, JTAG controller, and debug port is illustrated in

the following figure:

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc.

195



The Debug Port

IR=BYPASSor IDOODE

Gwmﬂmm‘mooo
tag |
™ |, ToTest
nTRST JTAGC Resources
TK
™S
TRACESWO T /7 DO
(1°b1 =4-pin JTAG) CITAG
(160 =2-pin GJTAG)
0 Xe—— DO Tgompm -
Ll
™ X o »{TD! nSYs TDO |00
161 ——»{nTRST nSYS DI >(TDI
nSYS TRST >
™ & SWOLKTCK »|Tex . "TRST  jtacop ham
™S oUT nSYS TCK » TCK
nSYS TMS N —> | AHB-AP
SNDITMS WREhHES - ™S JTAGIr[3:0]
D_> ™S IN
. WG— IR=BYPASSor IDOODE DAPBus
@_G-wbnnorwmno
|| mDm-aP
SWDO D—> DBGDI
™S
L] DBGDO
SWDOEN - SW-DP
L DBGDOEN
» DBGCLK
\AA 4
2235¢
g E E SWD/ JTAG
7 SHECT

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 cJTAG Debug Port SWD Debug Port Internal Pull-
up\Down
Type Description Type Description Type Description
JTAG_TMS/ [I/O JTAG Test 1/0 cJTAG Data 1/0 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 0] Trace output 0] 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 !

All other opcodes

Decoded to select bypass register

1. 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 s o O
© © © ©
X X X X
S © & ©
g
o 5|5 Pon SWJ-DP
® 213l ~ E See the ARM Debug Interface v5p1 Supplement.
— L1 | F
o | 2|l=lo]3
o |Floelo|d
o' gl I e
olalm|E
o =212 =
o 518128
a|l21813
HEEIE .
2lsl2]| g Generic
oljol<|x Debug Port
(DP) 4
]
¥
APSEL Data[31:0] | Al7:4] | A[3:21| Rnw|
Decode [ ] y ‘[ 1]AB: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

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.

Debug Disable

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.

Debug Request

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.

System Reset Request

Set to force a system reset. The system remains held in reset until this
bit is cleared.

Core Hold Reset

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.

VLLSx Debug Request
(VLLDBGREQ)

Set to configure the system to be held in reset after the next recovery
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.

VLLSx Debug Acknowledge
(VLLDBGACK)

Set to release a being held in reset following a VLLSx recovery

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 VLLSXx recovery.

LLS, VLLSx Status Acknowledge

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. (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

Table continues on the next page...
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Table 9-6. MDM-AP Status register assignments (continued)

Bit Name Description

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

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:

* JTAG_TRST_b from an external signal. This signal is optional and may not be
available in all packages.
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* 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.
* System POR reset

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.

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 ITM 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 ITM 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.

9.9 Core Trace Connectivity

The ITM can route its data to the TPIU. (See the MCM (Miscellaneous Control Module)
for controlling the routing to the TPIU.) This configuration enables the use of trace with
low cost tools while maintaining the compatibility with trace probes.

9.10 TPIU

The TPIU acts as a bridge between the on-chip trace data from the Instrumentation Trace
Macrocell (ITM) 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.

9.11 DWT
The DWT is a unit that performs the following debug functionality:

* [t contains four comparators that you can configure as a hardware watchpoint, 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.

* The DWT contains counters for:

* Clock cycles (CYCCNT)

* Folded instructions

* Load store unit (LSU) operations
 Sleep cycles
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* CPI (all instruction cycles except for the first cycle)
* Interrupt overhead

NOTE

An event is 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.

9.12 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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Debug & Security

9.12.1 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™M FF FF FF OFF static OFF
TPIU FF FF FF OFF static OFF
DWT FF FF FF OFF static OFF

9.13 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
-<—> X

. . . Transf
Signal Multiplexing/ ransters
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...
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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
* 32-pin ports
NOTE

Not all pins are available on the device. See the following
section for details.

e Each 32-pin port is assigned one interrupt.

Table 10-2. Ports summary

Feature Port A Port B Port C 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
PTA3/

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 PTA4=Yes; No No No No
enable control Others=No
Passive filter Disabled Disabled Disabled Disabled Disabled
enable at reset
Open drain enable |Yes Yes Yes Yes Yes
control
Open drain enable |Disabled Disabled Disabled Disabled Disabled
at reset
Drive strength No PTBO/PTB1 only PTC3/PTC4 only PTD4/PTD5/PTD6/ |No
enable control PTD7 only
Drive strength 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
Pin mux control |Yes Yes Yes Yes Yes
Pin mux at reset |PTAO/PTA1/PTA2/ [ALTO ALTO ALTO ALTO

PTA3/PTA4=ALT7;
Others=ALTO

Lock bit Yes Yes Yes Yes Yes
Interrupt and DMA |Yes Yes Yes Yes Yes
request
Digital glitch filter |No No No Yes No

10.2.2 Clock gating

The clock to the port control module can be gated on and off using the SCGC5[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.

10.2.3 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 K22F 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.

NOTE
The 64-pin MAPBGA package offering is subject to removal.
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Pinout

121 | 100 | 64 | 64 | PinName Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT? EzPort
BGA | LQFP| LQFP | MAP

BGA
B4 ] 1 1 At | PTEW/ ADC1_SE4a | ADC1_SE4a | PTE/ SPI_PCST | UART1_TX [2C1_SDA | RTC_
CLKOUT32K CLKOUT32K CLKouT
B | 2 2 | Bl | PTEY ADC1_SE5a | ADC1_SE5a | PTEY/ SPI1_SOUT | UART1_RX [2C1.SCL | SPH_SIN
LLWU_PO LLWU_PO
2| 38| —| — |PTEY ADC1_SEBa | ADC1_SE6a | PTEZ/ SPI1_SCK | UART_
LLWU_P1 LLWU_P1 CTSb
FA | 4| — | — |PTES ADC1_SE7a | ADC1_SE7a | PTES SPH_SIN | UART1_ SPi_SouT
RTS b
HT | 5 — | — | PTE4 DISABLED PTE4/ SPI1_PCSO | LPUARTO_
LLWU_P2 LLWU_P2 X
G4 | 6 — | — |PTB DISABLED PTES SP1_PCS2 | LPUARTO_
RX
Bl 7| —=| — |PTEb DISABLED PTES SPI1_PCS3 | LPUARTO_ | I250_MCLK USB_SOF_
CTS.b out
E6 | 8 3 | C5 | VDD VDD VDD
G7 | 9 4 | C4 |VSS V88 (B8
6| -] —| — [V V88 V8S
| 10] 5 E1 | USBODP | USBODP | USBO_DP
| 6 | D1 | USBO.DM | USBODM | USBO_DM
Gl | 12 7 | E2 | VOUTR VOUT33 VOUT33
G| 13| 8 | D2 |VREGN VREGIN VREGIN
Hi | 14 | — | — | ADCODP1 | ADCO_DP1 | ADCO_DP1
H | 15 | — | — |ADCODMI | ADCO_DM1 | ADCO_DMT
Jt | 16 | — | — | ADC1_DP1/ | ADC1_DP1/ | ADC1_DP1/
ADCO_DP2 | ADCO_DP2 | ADCO_DP2
2 | 17 | — [ — | ADC1_DM1/ | ADC1_DM1/ | ADC1_DM1/

ADCO_DM2 | ADCO_DM2 | ADCO_DM2

Kt | 18 | 9 | GI |ADCODPO/ | ADCO_DPO/ | ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

K2 | 19 | 10 | Ft | ADCO_DMO/ | ADCO_DMO/ | ADCO_DMO/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

Lt | 2 | 11 | G2 | ADC1_DPO/ | ADC1_DPO/ | ADC1_DPO/
ADCO_DP3 | ADCO_DP3 | ADC0_DP3

L2 | 20| 12 | F2 | ADC1_DMO/ | ADC1_DM0/ | ADC1_DMO/
ADCO_DM3 | ADCO_DM3 | ADCO_DM3

F5 | 22 | 13| F4 | VDDA VDDA VDDA
G5 | 28 | 14| G4 | VREFH VREFH VREFH
G6 | 24 | 15| G3 | VREFL VREFL VREFL
F6 | 25| 16 | F3 | VSSA VSSA VSSA

L3 | 2 | 17 | Hf | VREF_OUT/ | VREF_OUT/ | VREF_OUT/
CMP1_INS/ | CMP1_IN&/ | CMP1_IN5/
CMPO_INS/ | CMPO_IN5/ | CMPO_IN5/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18

K5 | 27 | 18 | H2 | DACO_OUT/ | DACO_OUT/ | DACO_OUT/
CMP1_IN3/ | CMP1_IN3/ | CMP1_IN3/
ADCO_SE23 | ADC0_SE23 | ADCO_SE23
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121 | 100 | 64 | 64 | PinName Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT? EzPort
BGA | LQFP| LQFP | MAP
BGA
Ké | = | — | — | CMPOIN4/ | CMPO_IN4/ | CMPO_IN4/
ADC1_SE23 | ADC1_SE23 | ADC1_SE23
7| -—| —| — |RIC RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B
L4 | 28 | 19 | H3 | XTAL® XTAL32 XTAL32
L5 | 29 | 20 | H4 | EXTAL®2 | EXTAL2 | EXTAL32
K6 | 30 | 21 | H5 | VBAT VBAT VBAT
5| 31 | — | — | PTEA ADCO_SE17 | ADCO_SE17 | PTE24 2C0_SCL | EWM_OUT_
b
S| R | = | — |PTES ADCO_SE18 | ADCO_SE18 | PTE25 [2C0_SDA | EWM_IN
H6 | 38 | — | — | PTE20/ DISABLED PTE26/ RTC_ USB_CLKIN
CLKOUT32K CLKOUT32K CLkout
6| | 2| D3 |PTAD JTAG_TCLK/ PTAO UARTO_ FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ CTSb SWD_CLK
EzP_CLK
H8 | 3 | 23 | D4 | PTA JTAG_TDV PTAt UARTO_RX | FTM0_CH6 JTAG_TDI | EZP_DI
EZP_DI
J| % | 4| E5|PTA JTAG_TDO/ PTA2 UARTO_TX | FTMO_CH? JTAG_TDO/ | EZPDO
TRACE_ TRACE_
Swo/l Swo
EzP_DO
HO | 37 | 25 | D5 | PTA3 JTAG_TMS/ PTA3 UARTO_ FTM0_CHO JTAG_TMS/
SWD_DIO RTS b SWD_DIO
B | 3| 26 | G5 |PTAM NMI_b/ PTA4/ FTM0_CH1 NMI_b EZP CS b
LLWU_P3 | EZPCSb LLWU_P3
K| 39 27 | F5 |PTAS DISABLED PTAS USB_CLKIN | FTM0_CH2 [280_TX_ | JTAG
BCLK TRST_b
E5 | 40| —| — |VOD VDD VDD
@G| 4] = — [V V88 VSS
K8 | 42 | 28 | H6 | PTA12 DISABLED PTA12 FTM1_CHO [250_TXDO | FTM1_QD_
PHA
8| 4| 29| G6 | PTA1Y DISABLED PTA1Y FTM1_CH1 [250_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 PHB
K9 | 4| — | — |PTAl4 DISABLED PTA14 SPI0_PCSO | UARTO_TX [280_RX_
BCLK
9 | 46| = | — |PTA5 DISABLED PTA15 SPI0_SCK | UARTO_RX [250_RXD0
JO| 46 | — [ — |PTA DISABLED PTA16 SPI0_SOUT | UARTO_ [250_RX_FS
CTSb
HIO | 47 | — | — | PTA7 ADC1_SE17 | ADC1_SE17 | PTA17 SPIOSIN | UARTO_ 250_MCLK
RTS b
L10| 4 | 30 | G7 |VvDD VDD VDD
Kio| 49| 31 | H7 |VSS V88 (B8
Lt | 50 | 32 | H8 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_
CLKINO
Kit | 51| 3 | G8 | PTA19 XTALO XTALO PTA19 FTMI_FLTO | FTM_ LPTMRO_
CLKINT ALTH
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20| 100 | 64 | 64 | PinName Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
BGA | LQFP | LQFP | MAP
BGA
J1 | 5 | 3 | F8 | RESETh | RESETb | RESET b
G| 5 | 3% | F7 | PTBU ADCO_SE8/ | ADCO_SE8/ | PTBO/ [260_SCL | FTM1_CHO FTM1_QD_
LLWU_P5 | ADC1_SE8 | ADC1_SE8 | LLWU_P5 PHA
GIO| 5 | 3 | F6 | PTBI ADCO_SEY/ | ADCO_SEY/ | PTB1 [2C0_SDA | FTM1_CH1 FTM1_QD_
ADC1_SE9 | ADC1_SE9 PHB
GO | 5 | 37 | E7T |PTB2 ADCO_SE12 | ADCO_SE12 | PTB2 [260_SCL | UARTO_ FTMO_FLT3
RTS b
G8 | 5 | 38 | E8 |PTB3 ADC0_SE13 | ADC0_SE13 | PTB3 [2C0_SDA | UARTO_ FTMO_FLT0
CTS.b
| = — | — |PTBS ADC1_SE12 | ADC1_SE12 | PTB6
EH| = = | — |PTB7 ADC1_SE13 | ADC1_SE13 | PTB7
D] = | = | — | PTBS DISABLED PTB8 LPUART0_
RTS b
E0| 57 [ — | — | PTBY DISABLED PTBY SPI{_PCS1 | LPUARTO_
CTS.b
DI0| 5 | — | — | PTBI0 ADC1_SE14 | ADC1_SE14 | PTB10 SP_PCS0 | LPUARTO_ FTMO_FLT1
RX
Clo| 59 | = | — |PmBH ADC1_SE15 | ADC1_SE15 | PTB11 SPI1_SCK | LPUARTO_ FTMO_FLT2
X
— | 60| — | — |VSS VS VSS
— | 6 — | — | VDD VDD \VDD
BIO| 62 | 39 | E6 | PTBI6 DISABLED PTB16 SPH_SOUT | UARTO_RX | FTM_ EWM_IN
CLKINO
E9 | 63 | 40 | D7 | PTBI7 DISABLED PTB17 SPH_SIN | UARTO_TX | FTM_ EWM_OUT_
CLKIN1 b
D9 | 64| # D6 | PTB18 DISABLED PTB18 FTM2_CHO | 1280_TX_ FTM2_QD_
BCLK PHA
Co | 65 | 42| C7 |PTBI9 DISABLED PTB19 FTM2_CH1 | 1250_TX_FS FTM2_QD_
PHB
Fio| 66 | — | — | PTB2 DISABLED PTB20 CMPO_OUT
F9 | 67| — | — | PTB2A DISABLED PTB21 CMP1_OUT
F§ | 68 | — | — |PTB2 DISABLED PTB22
E8 | 69 | — | — | PTB® DISABLED PTB23 SPI0_PCS5
B9 | 70 | 43 | D8 | PTCO ADC0_SE14 | ADCO_SE14 | PTCO SPI0_PCS4 | PDBO_ USB_SOF_
EXTRG out
g | ™ 44 | C6 | PTCY/ ADCO_SE15 | ADCO_SE15 | PTCI/ SPI0_PCS3 | UART1_ FTM0_CHO [250_TXDO | LPUARTO_
LLWU_Pé LLWU_P6 RTS_b RTS_b
C8 | 72| 4 | BT |PIC2 ADCO_SE4b/ | ADCO_SEdb/ | PTC2 SPI0_PCS2 | UART1_ FTMO_CH1 1250_TX_FS | LPUART0_
CMP1_INO | CMP1_INO CTS.b CTS.b
B8 | 73| 46 | C8 | PTCY CMP1_INt | CMP1_IN1 | PTCY SPI0_PCS1 | UART1_RX | FTM0_CH2 | CLKOUT [250_TX_ | LPUARTO_
LLWU_P7 LLWU_P7 BCLK RX
— | 74| 47 | E3 |VSS VSS VSS
— | 75| 4 | E4 |VDD VDD VDD
A8 | 76 | 49 | B8 | PTC4 DISABLED PTC4/ SPI0_PCSO | UART1_TX | FTM0_CH3 CMP1_OUT | LPUARTO_
LLWU_P8 LLWU_P8 ™
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121 | 100 | 64 | 64 | PinName Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT? EzPort
BGA | LQFP| LQFP | MAP
BGA
D7 | 77| 5 | A8 |PTCY DISABLED PTCS/ SPI0_SCK | LPTMRO_ | 1250_RXD0 CMPO_OUT | FTMO_CH2
LLWU_P9 LLWU_P9 ALT2
C7 | 7 | 51 | A7 |PTC6/ CMPO_INO | CMPO_INO | PTC6/ SPI0_SOUT | PDBO_ 250_RX_ 250_MCLK
LLWU_P10 LLWU_P10 EXTRG BCLK
B7 | 79| 5 | B6 |PTC7 CMPO_INT | CMPO_INT | PTC7 SPIO_SIN | USB_SOF_ | 1250_RX_FS
our
A7 | 8 | 53 | A6 |PTC8 ADC1_SE4b/ | ADC1_SE4b/ | PTC8 [250_MCLK
CMPO_IN2 | CMPO_IN2
D6 | 8 | 54 | B5 | PTCY ADC1_SESb/ | ADC1_SESb/ | PTCY 250_RX_ FTM2_FLTO
CMPO_IN3 | CMPO_IN3 BCLK
C6 | 8 | 5 | B4 [PTCI0 ADC1_SEEb | ADC1_SE6b | PTC10 12C1_SCL 250_RX_FS
C5 | 8 | 5 | A5 |PTCtY ADC1_SE7b | ADC1_SE7b | PTC11/ [2C1_SDA
LLWU_P11 LLWU_P11
B6 | 8 [ — | — |PTC12 DISABLED PTC12
A6 | 8 | — | — |[PTC13 DISABLED PTC13
A | 8 | — | — |[PTCH4 DISABLED PTC14
B5 | & | — | — |PTC5 DISABLED PTC15
— | 8| — [ — |VSS V88 V8s
- | 8| = | — |VOD VDD VDD
Db | % [ — | — [PTC6 DISABLED PTC16 LPUARTO_
RX
C4 | 9t | = [ — |PTCI7 DISABLED PTCI7 LPUARTO_
X
B4 | %2 | — | — [PTCI8 DISABLED PTC18 LPUARTO_
RTS b
M| — | — | — [PTC1 DISABLED PTC19 LPUARTO_
CTSb
D4 | 9 | 5 | C3 |PTDO/ DISABLED PTDU/ SPI0_PCSO | UART2_ LPUARTO_
LLWU_P12 LLWU_P12 RTS b RTS_b
D3 | 9 | 5 | A4 | PTD1 ADCO_SESb | ADCO_SESh | PTD1 SPI0_SCK | UART2_ LPUARTO_
CTSb CTSb
C3 | 9% | 5 | C2 |PTDY DISABLED PTDY SPI0_SOUT | UART2_RX LPUARTO_ | 1200_SCL
LLWU_P13 LLWU_P13 RX
B3 | 9% | 60 | B3 | PTD3 DISABLED PTD3 SPIOSIN | UART2_TX LPUARTO_ | 12C0_SDA
X
A3 | 97 | 61 | A3 |PTD4 DISABLED PTD4/ SPI0_PCS1 | UARTO_ FTM0_CH4 EWM_IN SPI1_PCSO
LLWU_P14 LLWU_P14 RTS b
A2 | 9 | 62| C1 |PTD5 ADCO_SEEb | ADCO_SE6b | PTD5 SPI0_PCS2 | UARTO_ FTM0_CH5 EWM_OUT_ | SPI1_SCK
CTS.b b
FTl —| = | — |VSS V88 VSS
EE| =| = | — |VOD VDD VDD
B2 | 99 | 63 | B2 |PTD6/ ADCO_SE7b | ADCO_SE7b | PTDE/ SPI0_PCS3 | UARTO_RX | FTM0_CH6 FTMO_FLTO | SPH_SOUT
LLWU_P15 LLWU_P15
At | 100 | 64 | A2 | PTD7 DISABLED PTD7 UARTO_TX | FTMO_CH? FTMO_FLTT | SPH_SIN
M| = = | — |NC NC NC
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11| 100 | 64 | 64 | PinName | Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
BGA | LQFP| LQFP | MAP
BGA
K| = =] = [NC NC NC
He| = | = | = [NC NC NC
Bt = | = | = |NC NC NC
CH] = | = | = |NC NC NC
Ht| = | = | = |NC NC NC
| = =] = |[NC NC NC
R| —| —| =[N NC NC
Dt = = | = [NC NC NC
Bl —| = | = |NC NC NC
Bl = =] =[N NC NC
| = =| = [NC NC NC
Bl =] =] —|N NC NC
Al =1 =1 = |N NC NC
MO = | = | = |NC NC NC
Al —| = | = |NC NC NC
Bl | = | = | = [NC NC NC
| —| = | = |NC NC NC

10.3.2 K22F Pinouts

The following 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. K22F 64 LQFP Pinout Diagram
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Pinout
1 2 3 4 5 6 7 8
PTEO/ PTD4/ PTC11/ PTCe6/ PTC5/
ICLKOUT32K PTD7 LLWU_P14 PTD1 LLWU_P11 PTC8 LLWU_P10| LLWU_P9 A
PTE1/ PTD6/ PTC4/
LLWU_PO |LLWU_P15 PTD3 PTC10 PTC9 PTC7 PTC2 LLWU_P8 B
PTD2/ PTDO/ PTC1/ PTC3/
PTDS LLWU_P13|LLWU_P12 ves vbD LLWU_P6 PTB19 LLWU_P7 ¢
USB0O_DM | VREGIN PTAO PTA1 PTA3 PTB18 PTB17 PTCO D
USBO_DP | VOUT33 VSS VDD PTA2 PTB16 PTB2 PTB3 E
JADCO_DMOJADC1_DMO PTBO/
ADC1_DM3|ADCO_DM3 VSSA VDDA PTA5 PTB1 LLWU_P5 RESET_b F
[ADCO_DPO0/|ADC1_DPO/| PTA4/ PTA13/
ADC1_DP3|ADCO_DP3 VREFL VREFH LLWU_P3 | LLWU_P4 vbD PTA19 G
CF;E';*?’E‘JT/ DACO_OUT,
—IN5 CMP1_IN3/| XTAL32 EXTAL32 VBAT PTA12 VSS PTA18 H
CMPO_INS/l\ o sE2g
IADC1_SE1§ -
1 2 3 4 5 6 7 8
Figure 10-3. K22F 64 MAPBGA Pinout Diagram
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83| | PTC11/LLWU_P11
78 || PTCeLLWU_P10
77| ] prosiLwu_pe
76 || PTC4nLWU_P8

s2| | PTC10

o3| | pTDOLLWU_P12

e2| | PTC1s

os | | PTD2LLWU_P13

oa | | PTDI1

o7 | | pTD4LLWU_P14

100 | ] PTD7
9o | | PTDBLLWU_P15
o8| | PTDs
o6 | | PTD3
ot | ] prci7
o | ] pTcis
so| | voo
ss| | vss
a7 | | prCis
8 | | PTC14
ss| | prcis
s | | PTCI2
st | | prco
so | | pTcs
70| ] pror

- @
~
o

[ ] voo
[ ] vss

PTE2LLWU_P1 [ |3 [ ] proaiLwu_p7

pTEs [ |4 2| | prc2
pTE4LLWU_P2 [ |5 71| ] prciiwu_pe

Pes [_|s 70| ] prco
prEs |7 60| | PTB23
vop[_|s e8| | PTB22
vss[_|o 67| | PTB21
useo_op [_| 10 66| | PTB20
usso_bm[_| 11 es| | pTBI19
voutsa[_ |12 e+| | PTBI18
VREGIN [_| 13 es| | PTB17
ADCO_DP1 [ 14 e2| | PTB16

PTEO/CLKOUTa2K |

~
N

PTEILLWU_PO [ |2

~
w

ADCO_DM1 [_| 15 er|_] vop
ADC1_DP1/ADCO_DP2 [ | 16 e | | vss
ADC1_DM1/ADCO_DM2 [__| 17 so || PrBI1
ADC0_DPO/ADC1_DP3 [_| 18 ss || prBi0
ADCO_DMO/ADC1_DM3 [_| 19 s7| | PrBo
ADC1_DPO/ADCO_DP3 [ 20 ss || PTB3
ADC1_DMO/ADCO_DM3 [_| 21 ss || prB2

vDDA [ ] 22 sa | | PBI

VREFH [ 2s 53 || PTBOLLWU_P5
vRerL [ ] 2 s2 || RESETb
vssa [|=s o5t [ ] Prate

vss [ #

pratz [ «
PTA13LLWU_P4 [ | 43
PTAt4 [ 44

vop [ 48

vss [ 4o

vBaT [_| =0

PTE24 [ | 31

pTE2s [ | %2
PTE26/CLKOUTS2K [_| 38
PTAO [ 8

prat [ | ss

praz [ 36

PTAs [ o
PTA4iLWU_P3 [ | se
PTAs | se

vop [ 40

PTA1s [ 45

PTate [ 46

pratz [ #7

1 ES
|: 27
xtaLa2 [ | 28

ExTAL2 [ | 2o

DACO_OUT/CMP1_IN3/ADCO_SE23

VREF_OUT/CMP1_IN5/CMPO_IN5/ADC1_SE18

Figure 10-4. K22F 100 LQFP Pinout Diagram
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1 2 3 4 5 6 7 8 9 10 11
PTD4/ PTC4/

A | pTD7 PTD5 | wu p1a| PTC19 | PTC14 | PTC13 | PTC8 |, wyps| NC NC NG A
PTD6/ PTC3/

B NC  [Lwu pis| PTP3 | PTCis | PTCis | PTC12 [ PTC7 | wy pr| PTCO PTB16 NC B

PTD2/ PTC11/ PTCE/

c NC NC  [Lwu pia| PTC17 |Lwy pi1]| PTC10 [Liwu pro| PTC2 PTB19 | PTB11 NC c
PTDO/ pTC5/ | PTCY/

D NC NG PTD1 [ wu_pi2| PTC16 [ PTGO | wu po|LLwy ps| PTB18 | PTBIO PTBS | D

PTE2/ PTE1/ PTEO/

E NC | LLwu P1 | LLwu_Po bLkouTaq VD VDD VDD PTB23 | PTB17 | PTBY PTB7 | E

F | usBo_DP | usBo_DM | PTES PTE3 VDDA | vssA vss PTB22 | PTB21 | PTB20 | PTB6 | F
PTBO/

G | VOuT33 | VREGIN | vSS PTES | VREFH | VREFL vss PTB3 PTB2 PTB1 | L wu ps| G

PTE26/ PTE4/

H |ADCO_DP1|ADCO_DM1 NC NC PTE24 | kouTaed LLwu_p2 | PTA1 PTA3 PTA17 NC H
/ADC1_DP1/JADC1_DMH1 PTA4/
J |apco_pp2|apco_pmz|  NC NC PTE25 PTAO PTA2 | | wu_p3 NC PTA16 | RESET b | J
ADCO_DPO/JADCO_DMO, CMPO_IN4/|PACO_OUT,
K |apc1 pr3labci pm3|  NC  |apc1 Seagd CMP1_IN3/[  VBAT PTA5 PTA12 PTA14 VSS PTA19 | K
lADCo_sE23
REF_OUT,
ADC1_DPO/JADC1_DMO cpp1 N5/ RTC_ PTA13/
L |aDco_pPa|ADCO_DM3| oo nay| XTAL32 | EXTALS2 VSS  wakeup g LLwu_pa | PTA15 VDD PTA18 | L
JADC1_SE18
1 2 3 4 5 6 7 8 9 10 1

Figure 10-5. K22F 121 XFBGA Pinout Diagram

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.
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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 (0]
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/O
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_SWO JTAG_TDO/ Trace output data from the ARM CoreSight debug block over a (0]
TRACE_SWO single pin
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]
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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 o]
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 O
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
10.4.5 Analog
Table 10-10. ADC 0 Signal Descriptions
Chip signal name Module signal Description /0
name
ADCO_DPI[3:0] DADP3-DADPO |Differential Analog Channel Inputs I
ADCO0_DM[3:0] DADM3-DADMO | Differential Analog Channel Inputs I
ADCO_SEn ADn Single-Ended Analog Channel Inputs I
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground |
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Table 10-11. 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_DM3, DADM3-DADMO |Differential Analog Channel Inputs
ADC1_DM[1:0]

ADC1_SEn ADn Single-Ended Analog Channel Inputs I
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 10-12. 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 10-13. CMP 1 Signal Descriptions
Chip signal name Module signal Description /0
name
CMP1_IN[5:0] IN[5:0] Analog voltage inputs I
CMP1_OUT CMPO Comparator output (0]
Table 10-14. DAC 0 Signal Descriptions
Chip signal name Module signal Description /0
name
DACO_OUT — DAC output (0]
Table 10-15. 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 10-16. FTM 0 Signal Descriptions

If the PDB is enabled and external trigger input source is selected,
a positive edge on the EXTRG signal resets and starts the counter.

Chip signal name Module signal Description /0
name
FTM_CLKINI[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 10-17. 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 /0
FTM1_FLTO FAULT;j 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 10-18. FTM 2 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKINI[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 10-19. PDB 0 Signal Descriptions
Chip signal name Module signal Description /0
name
PDBO_EXTRG EXTRG External Trigger Input Source
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Table 10-20. LPTMR 0 Signal Descriptions

Chip signal name Module signal Description /0
name
LPTMRO_ALT[:1] LPTMR_ALTn Pulse Counter Input pin
Table 10-21. 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 (0]
10.4.7 Communication Interfaces
Table 10-22. 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.
Table 10-23. USB VREG Signal Descriptions
Chip signal name Module signal Description /0
name
VOUTS33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I
Table 10-24. 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]
SPIO_PCS4 PCS4 Peripheral Chip Select 4 (0]
SPI0_PCS5 PCS5/ PCSS Peripheral Chip Select 5 /Peripheral Chip Select Strobe (0]
SPIO_SIN SIN Serial Data In I
SPI0O_SOUT SOuUT Serial Data Out (0]
SPI0_SCK SCK Serial Clock (O) I/O
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Table 10-25. SPI 1 Signal Descriptions

Chip signal name Module signal Description /0
name
SPI1_PCS0 PCS0/SS Peripheral Chip Select 0 (O) I/0
SPI1_PCS[3:1] PCS[1:3] Peripheral Chip Selects 1-3 (0]
SPI1_SIN SIN Serial Data In I
SPI1_SOUT SOUT Serial Data Out (0]
SPI1_SCK SCK Serial Clock (O) I/0

Table 10-26. I2C 0 Signal Descriptions

Chip signal name Module signal Description /0
name

12C0_SCL SCL Bidirectional serial clock line of the 12C system. I/0

12C0_SDA SDA Bidirectional serial data line of the I2C system. I/0

Table 10-27. I2C 1 Signal Descriptions

Chip signal name Module signal Description /0
name

12C1_SCL SCL Bidirectional serial clock line of the I2C system. I/0

12C1_SDA SDA Bidirectional serial data line of the I2C system. /0

Table 10-28. LPUART Signal Descriptions

Chip signal name Module signal Description /0
name
UARTO_TX TxD Transmit Data (6]
UARTO_RX RxD Receive Data I

Table 10-29. UART 0 Signal Descriptions

Chip signal name Module signal Description /0
name
UARTO_CTS CTS Clear to send I
UARTO_RTS RTS Request to send o]
UARTO_TX TXD Transmit data (0]
UARTO_RX RXD Receive data I
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Table 10-30. 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 (6]
UART1_RX RXD Receive data I

Table 10-31. 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 o]
UART2_TX TXD Transmit data (0]
UART2_RX RXD Receive data I

Table 10-32. 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 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 I/0
generated and an output when internally generated.
I2S0_TX_FS SAI_TX_SYNC Transmit 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.

12S50_TXD SAI_TX_DATA Transmit Data. The transmit data is generated synchronously by (0]
the bit clock and is tristated whenever not transmitting a word.
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10.4.8 Human-Machine Interfaces (HMI)
Table 10-33. GPIO Signal Descriptions

Chip signal name Module signal Description /0
name

PTA[31:0] PORTA31-PORTAO |General-purpose input/output I/0

PTB[31:0]" PORTB31-PORTBO0 |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-PORTEO |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
* 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, GPIO, 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 1-kHz LPO clock source.
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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 1/0 Reset Pull
PORTXx[31:0] External interrupt 110 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
PORTXx[31:0] I/0 External interrupt.
State meaning Asserted—pin 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 (i":i:ittr;) Access | Reset value S:c;t;c;n/
(hex)
4004_9000 |Pin Control Register n (PORTA_PCRO) 32 R/W See section | 11.5.1/236
4004_9004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.5.1/236
4004_9008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.5.1/236
4004_900C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.5.1/236
4004_9010 |Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.5.1/236
4004_9014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.5.1/236
4004_9018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.5.1/236
4004_901C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.5.1/236
4004_9020 |Pin Control Register n (PORTA_PCRS) 32 R/W See section | 11.5.1/236
4004_9024 |Pin Control Register n (PORTA_PCR9) 32 R/W See section | 11.5.1/236
4004_9028 |Pin Control Register n (PORTA_PCR10) 32 R/W See section | 11.5.1/236
4004_902C |Pin Control Register n (PORTA_PCR11) 32 R/W See section | 11.5.1/236
4004_9030 |Pin Control Register n (PORTA_PCR12) 32 R/W See section | 11.5.1/236
4004_9034 |Pin Control Register n (PORTA_PCR13) 32 R/W See section | 11.5.1/236
4004_9038 |Pin Control Register n (PORTA_PCR14) 32 R/W See section | 11.5.1/236
4004_903C |Pin Control Register n (PORTA_PCR15) 32 R/W See section | 11.5.1/236
4004_9040 |Pin Control Register n (PORTA_PCR16) 32 R/W See section | 11.5.1/236
4004_9044 |Pin Control Register n (PORTA_PCR17) 32 R/W See section | 11.5.1/236
4004_9048 |Pin Control Register n (PORTA_PCR18) 32 R/W See section | 11.5.1/236
4004_904C |Pin Control Register n (PORTA_PCR19) 32 R/W See section | 11.5.1/236
4004_9050 |Pin Control Register n (PORTA_PCR20) 32 R/W See section | 11.5.1/236
4004_9054 |Pin Control Register n (PORTA_PCR21) 32 R/W See section | 11.5.1/236
4004_9058 |Pin Control Register n (PORTA_PCR22) 32 R/W See section | 11.5.1/236
4004_905C |Pin Control Register n (PORTA_PCR23) 32 R/W See section | 11.5.1/236
4004_9060 |Pin Control Register n (PORTA_PCR24) 32 R/W See section | 11.5.1/236
4004_9064 |Pin Control Register n (PORTA_PCR25) 32 R/W See section | 11.5.1/236
4004_9068 |Pin Control Register n (PORTA_PCR26) 32 R/W See section | 11.5.1/236
4004_906C |Pin Control Register n (PORTA_PCR27) 32 R/W See section | 11.5.1/236
4004_9070 |Pin Control Register n (PORTA_PCR28) 32 R/W See section | 11.5.1/236
4004_9074 |Pin Control Register n (PORTA_PCR29) 32 R/W See section | 11.5.1/236
4004_9078 |Pin Control Register n (PORTA_PCR30) 32 R/W See section | 11.5.1/236
4004_907C |Pin Control Register n (PORTA_PCR31) 32 R/W See section | 11.5.1/236
W
4004_9080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always | 0000_0000h | 11.5.2/238
reads 0)
W
4004_9084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always | 0000_0000h | 11.5.3/239
reads 0)

4004_90A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 0000_0000h | 11.5.4/240

Table continues on the next page...
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PORT memory map (continued)

22151?;? Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
4004_90C0 |Digital Filter Enable Register (PORTA_DFER) 32 R/W | 0000_0000h | 11.5.5/240
4004_90C4 |Digital Filter Clock Register (PORTA_DFCR) 32 R/W | 0000_0000h | 11.5.6/241
4004_90C8 |Digital Filter Width Register (PORTA_DFWR) 32 R/W | 0000_0000h | 11.5.7/241
4004_A000 |Pin Control Register n (PORTB_PCRO0) 32 R/W See section | 11.5.1/236
4004_A004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.5.1/236
4004_A008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.5.1/236
4004_A00C |Pin Control Register n (PORTB_PCRS3) 32 R/W See section | 11.5.1/236
4004_A010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.5.1/236
4004_A014 |Pin Control Register n (PORTB_PCRS5) 32 R/W See section | 11.5.1/236
4004_A018 |Pin Control Register n (PORTB_PCR6) 32 R/W See section | 11.5.1/236
4004_A01C |Pin Control Register n (PORTB_PCR?7) 32 R/W See section | 11.5.1/236
4004_A020 |Pin Control Register n (PORTB_PCRS) 32 R/W See section | 11.5.1/236
4004_A024 |Pin Control Register n (PORTB_PCR9) 32 R/W See section | 11.5.1/236
4004_A028 |Pin Control Register n (PORTB_PCR10) 32 R/W See section | 11.5.1/236
4004_A02C |Pin Control Register n (PORTB_PCR11) 32 R/W See section | 11.5.1/236
4004_A030 |Pin Control Register n (PORTB_PCR12) 32 R/W See section | 11.5.1/236
4004_A034 |Pin Control Register n (PORTB_PCR13) 32 R/W See section | 11.5.1/236
4004_A038 |Pin Control Register n (PORTB_PCR14) 32 R/W See section | 11.5.1/236
4004_A03C |Pin Control Register n (PORTB_PCR15) 32 R/W See section | 11.5.1/236
4004_A040 |Pin Control Register n (PORTB_PCR16) 32 R/W See section | 11.5.1/236
4004_A044 |Pin Control Register n (PORTB_PCR17) 32 R/W See section | 11.5.1/236
4004_A048 |Pin Control Register n (PORTB_PCR18) 32 R/W See section | 11.5.1/236
4004_A04C |Pin Control Register n (PORTB_PCR19) 32 R/W See section | 11.5.1/236
4004_A050 |Pin Control Register n (PORTB_PCR20) 32 R/W See section | 11.5.1/236
4004_A054 |Pin Control Register n (PORTB_PCR21) 32 R/W See section | 11.5.1/236
4004_A058 |Pin Control Register n (PORTB_PCR22) 32 R/W See section | 11.5.1/236
4004_A05C |Pin Control Register n (PORTB_PCR23) 32 R/W See section | 11.5.1/236
4004_A060 |Pin Control Register n (PORTB_PCR24) 32 R/W See section | 11.5.1/236
4004_A064 |Pin Control Register n (PORTB_PCR25) 32 R/W See section | 11.5.1/236
4004_A068 |Pin Control Register n (PORTB_PCR26) 32 R/W See section | 11.5.1/236
4004_A06C |Pin Control Register n (PORTB_PCR27) 32 R/W See section | 11.5.1/236
4004_A070 |Pin Control Register n (PORTB_PCR28) 32 R/W See section | 11.5.1/236
4004_A074 |Pin Control Register n (PORTB_PCR29) 32 R/W See section | 11.5.1/236
4004_A078 |Pin Control Register n (PORTB_PCR30) 32 R/W See section | 11.5.1/236
4004_A07C |Pin Control Register n (PORTB_PCR31) 32 R/W See section | 11.5.1/236
w
4004_A080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always | 0000_0000h | 11.5.2/238
reads 0)

Table continues on the next page...
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PORT memory map (continued)

22151?;? Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
W
4004_A084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always | 0000_0000h | 11.5.3/239
reads 0)

4004_AO0AO |Interrupt Status Flag Register (PORTB_ISFR) 32 wic | 0000_0000h | 11.5.4/240
4004_A0CO |Digital Filter Enable Register (PORTB_DFER) 32 R/W | 0000_0000h | 11.5.5/240
4004_A0C4 |Digital Filter Clock Register (PORTB_DFCR) 32 R/W | 0000_0000h | 11.5.6/241
4004_A0C8 |Digital Filter Width Register (PORTB_DFWR) 32 R/W | 0000_0000h | 11.5.7/241
4004_B000 |Pin Control Register n (PORTC_PCRO0) 32 R/W See section | 11.5.1/236
4004_B004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.5.1/236
4004_B008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.5.1/236
4004_B00C |Pin Control Register n (PORTC_PCR3) 32 R/W See section | 11.5.1/236
4004_B010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.5.1/236
4004_B014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.5.1/236
4004_B018 |Pin Control Register n (PORTC_PCR®6) 32 R/W See section | 11.5.1/236
4004_B01C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.5.1/236
4004_B020 |Pin Control Register n (PORTC_PCRS) 32 R/W See section | 11.5.1/236
4004_B024 |Pin Control Register n (PORTC_PCR9) 32 R/W See section | 11.5.1/236
4004_B028 |Pin Control Register n (PORTC_PCR10) 32 R/W See section | 11.5.1/236
4004_B02C |Pin Control Register n (PORTC_PCR11) 32 R/W See section | 11.5.1/236
4004_B030 |Pin Control Register n (PORTC_PCR12) 32 R/W See section | 11.5.1/236
4004_B034 |Pin Control Register n (PORTC_PCR13) 32 R/W See section | 11.5.1/236
4004_B038 |Pin Control Register n (PORTC_PCR14) 32 R/W See section | 11.5.1/236
4004_B03C |Pin Control Register n (PORTC_PCR15) 32 R/W See section | 11.5.1/236
4004_B040 |Pin Control Register n (PORTC_PCR16) 32 R/W See section | 11.5.1/236
4004_B044 |Pin Control Register n (PORTC_PCR17) 32 R/W See section | 11.5.1/236
4004_B048 |Pin Control Register n (PORTC_PCR18) 32 R/W See section | 11.5.1/236
4004_B04C |Pin Control Register n (PORTC_PCR19) 32 R/W See section | 11.5.1/236
4004_B050 |Pin Control Register n (PORTC_PCR20) 32 R/W See section | 11.5.1/236
4004_B054 |Pin Control Register n (PORTC_PCR21) 32 R/W See section | 11.5.1/236
4004_B058 |Pin Control Register n (PORTC_PCR22) 32 R/W See section | 11.5.1/236
4004_B05C |Pin Control Register n (PORTC_PCR23) 32 R/W See section | 11.5.1/236
4004_B060 |Pin Control Register n (PORTC_PCR24) 32 R/W See section | 11.5.1/236
4004_B064 |Pin Control Register n (PORTC_PCR25) 32 R/W See section | 11.5.1/236
4004_B068 |Pin Control Register n (PORTC_PCR26) 32 R/W See section | 11.5.1/236
4004_B06C |Pin Control Register n (PORTC_PCR27) 32 R/W See section | 11.5.1/236
4004_B070 |Pin Control Register n (PORTC_PCR28) 32 R/W See section | 11.5.1/236
4004_B074 |Pin Control Register n (PORTC_PCR29) 32 R/W See section | 11.5.1/236
4004_B078 |Pin Control Register n (PORTC_PCR30) 32 R/W See section | 11.5.1/236
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PORT memory map (continued)

22151?;? Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)

4004_B07C |Pin Control Register n (PORTC_PCR31) 32 R/W See section | 11.5.1/236

W
4004_B080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always | 0000_0000h | 11.5.2/238

reads 0)

W

4004_B084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always | 0000_0000h | 11.5.3/239
reads 0)
4004_BOAO |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 0000_0000h | 11.5.4/240
4004_B0CO |Digital Filter Enable Register (PORTC_DFER) 32 R/W | 0000_0000h | 11.5.5/240
4004_B0C4 |Digital Filter Clock Register (PORTC_DFCR) 32 R/W | 0000_0000h | 11.5.6/241
4004_B0C8 |Digital Filter Width Register (PORTC_DFWR) 32 R/W | 0000_0000h | 11.5.7/241
4004_C000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.5.1/236
4004_CO004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.5.1/236
4004_C008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.5.1/236
4004_CO00C |Pin Control Register n (PORTD_PCRS3) 32 R/W See section | 11.5.1/236
4004_CO010 |Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.5.1/236
4004_CO014 |Pin Control Register n (PORTD_PCR5) 32 R/W See section | 11.5.1/236
4004_C018 |Pin Control Register n (PORTD_PCRS6) 32 R/W See section | 11.5.1/236
4004_C01C |Pin Control Register n (PORTD_PCR?7) 32 R/W See section | 11.5.1/236
4004_C020 |Pin Control Register n (PORTD_PCRS8) 32 R/W See section | 11.5.1/236
4004_C024 |Pin Control Register n (PORTD_PCR9) 32 R/W See section | 11.5.1/236
4004_C028 |Pin Control Register n (PORTD_PCR10) 32 R/W See section | 11.5.1/236
4004_C02C |Pin Control Register n (PORTD_PCR11) 32 R/W See section | 11.5.1/236
4004_C030 |Pin Control Register n (PORTD_PCR12) 32 R/W See section | 11.5.1/236
4004_C034 |Pin Control Register n (PORTD_PCR13) 32 R/W See section | 11.5.1/236
4004_C038 |Pin Control Register n (PORTD_PCR14) 32 R/W See section | 11.5.1/236
4004_CO03C |Pin Control Register n (PORTD_PCR15) 32 R/W See section | 11.5.1/236
4004_C040 |Pin Control Register n (PORTD_PCR16) 32 R/W See section | 11.5.1/236
4004_C044 |Pin Control Register n (PORTD_PCR17) 32 R/W See section | 11.5.1/236
4004_C048 |Pin Control Register n (PORTD_PCR18) 32 R/W See section | 11.5.1/236
4004_C04C |Pin Control Register n (PORTD_PCR19) 32 R/W See section | 11.5.1/236
4004_C050 |Pin Control Register n (PORTD_PCR20) 32 R/W See section | 11.5.1/236
4004_C054 |Pin Control Register n (PORTD_PCR21) 32 R/W See section | 11.5.1/236
4004_C058 |Pin Control Register n (PORTD_PCR22) 32 R/W See section | 11.5.1/236
4004_CO05C |Pin Control Register n (PORTD_PCR23) 32 R/W See section | 11.5.1/236
4004_C060 |Pin Control Register n (PORTD_PCR24) 32 R/W See section | 11.5.1/236
4004_C064 |Pin Control Register n (PORTD_PCR25) 32 R/W See section | 11.5.1/236
4004_C068 |Pin Control Register n (PORTD_PCR26) 32 R/W See section | 11.5.1/236
4004_C06C |Pin Control Register n (PORTD_PCR27) 32 R/W See section | 11.5.1/236
Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
4004_C070 |Pin Control Register n (PORTD_PCR28) 32 R/W See section | 11.5.1/236
4004_C074 |Pin Control Register n (PORTD_PCR29) 32 R/W See section | 11.5.1/236
4004_C078 |Pin Control Register n (PORTD_PCR30) 32 R/W See section | 11.5.1/236
4004_C07C |Pin Control Register n (PORTD_PCR31) 32 R/W See section | 11.5.1/236
W
4004_C080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always | 0000_0000h | 11.5.2/238
reads 0)
W
4004_C084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always | 0000_0000h | 11.5.3/239
reads 0)

4004_COAO |Interrupt Status Flag Register (PORTD_ISFR) 32 wic 0000_0000h | 11.5.4/240
4004_CO0CO |Digital Filter Enable Register (PORTD_DFER) 32 R/W | 0000_0000h | 11.5.5/240
4004_CO0C4 |Digital Filter Clock Register (PORTD_DFCR) 32 R/W | 0000_0000h | 11.5.6/241
4004_CO0C8 |Digital Filter Width Register (PORTD_DFWR) 32 R/W | 0000_0000h | 11.5.7/241
4004_DO000 |Pin Control Register n (PORTE_PCRO) 32 R/W See section | 11.5.1/236
4004_D004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.5.1/236
4004_DO008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.5.1/236
4004_DO00C |Pin Control Register n (PORTE_PCR3) 32 R/W See section | 11.5.1/236
4004_D010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.5.1/236
4004_D014 |Pin Control Register n (PORTE_PCRS5) 32 R/W See section | 11.5.1/236
4004_D018 |Pin Control Register n (PORTE_PCR6) 32 R/W See section | 11.5.1/236
4004_D01C |Pin Control Register n (PORTE_PCR?7) 32 R/W See section | 11.5.1/236
4004_D020 |Pin Control Register n (PORTE_PCRS) 32 R/W See section | 11.5.1/236
4004_D024 |Pin Control Register n (PORTE_PCR9) 32 R/W See section | 11.5.1/236
4004_D028 |Pin Control Register n (PORTE_PCR10) 32 R/W See section | 11.5.1/236
4004_D02C |Pin Control Register n (PORTE_PCR11) 32 R/W See section | 11.5.1/236
4004_D030 |Pin Control Register n (PORTE_PCR12) 32 R/W See section | 11.5.1/236
4004_D034 |Pin Control Register n (PORTE_PCR13) 32 R/W See section | 11.5.1/236
4004_D038 |Pin Control Register n (PORTE_PCR14) 32 R/W See section | 11.5.1/236
4004_DO03C |Pin Control Register n (PORTE_PCR15) 32 R/W See section | 11.5.1/236
4004_D040 |Pin Control Register n (PORTE_PCR16) 32 R/W See section | 11.5.1/236
4004_D044 |Pin Control Register n (PORTE_PCR17) 32 R/W See section | 11.5.1/236
4004_D048 |Pin Control Register n (PORTE_PCR18) 32 R/W See section | 11.5.1/236
4004_D04C |Pin Control Register n (PORTE_PCR19) 32 R/W See section | 11.5.1/236
4004_D050 |Pin Control Register n (PORTE_PCR20) 32 R/W See section | 11.5.1/236
4004_D054 |Pin Control Register n (PORTE_PCR21) 32 R/W See section | 11.5.1/236
4004_D058 |Pin Control Register n (PORTE_PCR22) 32 R/W See section | 11.5.1/236
4004_DO05C |Pin Control Register n (PORTE_PCR23) 32 R/W See section | 11.5.1/236
4004_D060 |Pin Control Register n (PORTE_PCR24) 32 R/W See section | 11.5.1/236
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Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

Absolute ; i
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 | 11.5.1/236
4004_D068 |Pin Control Register n (PORTE_PCR26) 32 R/W See section | 11.5.1/236
4004_D06C |Pin Control Register n (PORTE_PCR27) 32 R/W See section | 11.5.1/236
4004_D070 |Pin Control Register n (PORTE_PCR28) 32 R/W See section | 11.5.1/236
4004_D074 |Pin Control Register n (PORTE_PCR29) 32 R/W See section | 11.5.1/236
4004_D078 |Pin Control Register n (PORTE_PCR30) 32 R/W See section | 11.5.1/236
4004_D07C |Pin Control Register n (PORTE_PCR31) 32 R/W See section | 11.5.1/236

w
4004_D080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always | 0000_0000h | 11.5.2/238

reads 0)

w

4004_D084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always | 0000_0000h | 11.5.3/239
reads 0)

4004_DOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000_0000h | 11.5.4/240
4004_DO0CO |Digital Filter Enable Register (PORTE_DFER) 32 R/W | 0000_0000h | 11.5.5/240
4004_D0C4 |Digital Filter Clock Register (PORTE_DFCR) 32 R/W | 0000_0000h | 11.5.6/241
4004_DO0OC8 |Digital Filter Width Register (PORTE_DFWR) 32 R/W | 0000_0000h | 11.5.7/241
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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
not available in your selected package. All unbonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

19-16 Interrupt Configuration

IRQC
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/DMA request disabled.
0001 DMA request on rising edge.
0010  DMA request on falling edge.
0011 DMA request on either edge.
1000 Interrupt when logic 0.

1001 Interrupt on rising-edge.

1010  Interrupt on falling-edge.

1011 Interrupt on either edge.

1100  Interrupt when logic 1.

Others Reserved.

15 Lock Register
LK
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

10-8 Pin Mux Control
MUX

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 (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).

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.

Table continues on the next page...
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PORTx_PCRn field descriptions (continued)

Field Description

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.

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
Rest 0 O O 0 O 0 0O OO OOOOU OUOO|0OOOOOOOOOOOOOOOGODDO
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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.

15-0 Global Pin Write Data
GPWD

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
ResetOOOOOOO000000OOO|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.

15-0 Global Pin Write Data
GPWD

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
ResetOOOO000000000000|0000000000000000

PORTX_ISFR field descriptions

Field Description

31-0 Interrupt Status Flag

ISF
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 2o191s171e|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
w DFE

ResetOOOO000000000000|0000000000000000

PORTx_DFER field descriptions

Field Description

31-0 Digital Filter Enable
DFE
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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

PORTXx_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 1-kHz 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 0O O 0O OOOO OOOOT OT O|OOOO OTOOO OOOOOUOODUOUOTGO

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.
4-0 Filter Length
FILT

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.

A lock field also exists that 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 tristated (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.

Each pin can be individually configured for any of the following external interrupt
modes:

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 243




A
Functional description
* 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 1-kHz 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 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.
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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 is disabled. After a digital filter is enabled, the input is synchronized to the filter
clock, either the bus clock or the 1-kHz 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 minimum latency through a digital filter equals two or 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
* Flash and system RAM size configuration
» USB regulator configuration
* FlexTimer external clock, hardware trigger, and fault source selection
* UARTO and UART1 receive/transmit source selection/configuration
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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_SOPT1 and SIM_SOPTICFG registers are located at
a different base address than the other SIM registers.

SIM memory map

Absolute

address Register name (i‘IrYi:ittr;) Access | Reset value S:(;t:;n/
(hex)

4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.2.1/249
4004_7004 |SOPT1 Configuration Register (SIM_SOPT1CFG) 32 R/W | 0000_0000h | 12.2.2/251

4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W | 0000_1000h | 12.2.3/252

4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W 0000_0000h | 12.2.4/254
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W | 0000_0000h | 12.2.5/257
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W | 0000_0000h | 12.2.6/258
4004_801C |System Options Register 8 (SIM_SOPT8) 32 R/W | 0000_0000h | 12.2.7/260
4004_8024 |System Device Identification Register (SIM_SDID) 32 R See section | 12.2.8/262

4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W F010_0030h | 12.2.9/264
4004_8038 |System Clock Gating Control Register 5 (SIM_SCGCS5) 32 R/W | 0004_0182h | 12.2.10/266
4004_803C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W | 4000_0001h | 12.2.11/267
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W | 0000_0002h | 12.2.12/270
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.2.13/271
4004_8048 |System Clock Divider Register 2 (SIM_CLKDIV2) 32 R/W 0000_0000h | 12.2.14/273
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R See section | 12.2.15/274
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.2.16/276
4004_8054 |Unique Identification Register High (SIM_UIDH) 32 R See section | 12.2.17/277
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section | 12.2.18/277
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.2.19/278
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 12.2.20/278
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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 + 0Oh offset = 4004_7000h

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

OSC32KSEL |OSC32KOUT

USBREGEN
USBSSTBY
USBVSTBY

Reset 1* 0* 0* 0* 0* 0* 0*

Bit

R RAMSIZE

Reset  x* x* xX* x* 0~ 0* 0~ 0~ 0* o* X* x* x* x* x* x*

* 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
USBVSTBY

USB voltage regulator in standby mode during VLPR and VLPW modes
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
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

19-18
OSC32KSEL

32K oscillator clock select
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 LPO 1 kHz

17-16
OSC32KOUT

32K Oscillator Clock Output

Outputs the ERCLK32K on the selected pin in all modes of operation (including LLS/VLLS and System
Reset), overriding the existing pin mux configuration for that pin. This field is reset only on POR/LVD.

00 ERCLK32K is not output.

01 ERCLK32K is output on PTEO.
10 ERCLKS32K is output on PTE26.
11 Reserved.

15-12
RAMSIZE

RAM size
This field specifies the amount of system RAM available on the device.

0001
0011
0100
0101
0110
0111
1000

8 KB
16 KB
24 KB
32 KB
48 KB
64 KB
96 KB
1001 128 KB
1011 256 KB

11-6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5-0
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 »
n >
w ) 5
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
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.
7-0 This field is reserved.
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 0 o
o
E @ | PLLFLLSEL
%)
w 2 >
-
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
4 2
R 0 ) 0 0 0 5 0
0 e .
i CLKOUTSEL X o
(@] (G
W < (@]
o =
(= 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-26 LPUART clock source select
LPUARTSRC
Selects the clock source for the LPUART transmit and receive clock.
00 Clock disabled

Table continues on the next page...
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SIM_SOPT2 field descriptions (continued)

Field Description
01 MCGFLLCLK , or MCGPLLCLK, or IRC48M clock as selected by SOPT2[PLLFLLSEL].
10 OSCERCLK clock
11 MCGIRCLK clock
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.
21-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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.
7-5 CLKOUT select
CLKOUTSEL

Selects the clock to output on the CLKOUT pin.

000
001
010
011
100
101

Reserved

Reserved

Flash clock

LPO clock (1 kHz)
MCGIRCLK

RTC 32.768kHz clock

Table continues on the next page...
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SIM_SOPT2 field descriptions (continued)

Field Description

110 OSCERCLKO
111 IRC 48 MHz clock

4 RTC clock out select
RTCCLKOUTSEL

0 RTC 1 Hz clock is output on the RTC_CLKOUT pin.
1 RTC 32.768kHz clock is output on the RTC_CLKOUT pin.

Selects either the RTC 1 Hz clock or the 32.768kHz clock to be output on the RTC_CLKOUT pin.

3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.4 System Options Register 4 (SIM_SOPT4)

Address: 4004_7000h base + 100Ch offset = 4004_800Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
5 |5 2 2]z e | g 2
R 0 P 3 0 o | o | o 0 7 ) %) 0
2,18 <3| 3 T 2 2
E© |0 &) (@) o O O (@)
o o [ - =) I & =
w = |2 = E|E - z
L TR L L L T L TR
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 |C_> 0 |C_> 0 0 i |C_>
il il 1 1
T T [T [T
[ - [=) o
= = = =
w F = ~ =
L L [ L

Reset 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SOPT4 field descriptions

o
o
o
o

Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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.

Table continues on the next page...
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SIM_SOPT4 field descriptions (continued)

Field Description
0 HSCMPO output drives FTMO hardware trigger 0
1 FTM1 channel match drives FTMO hardware trigger O
27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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 FTM2 channel 1 input capture source select
FTM2CH1SRC
0 FTM2_CH1 signal
1 Exclusive OR of FTM2_CH1, FTM2_CHO and FTM1_CH1.
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.

Table continues on the next page...
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SIM_SOPT4 field descriptions (continued)

Field Description
00 FTM1_CHO signal
01 CMPO output
10 CMP1 output
11 USB start of frame pulse
17-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 FTM2 Fault O Select
FTM2FLTO
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 FTM1 Fault 0 Select
FTM1FLTO
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 FTMO Fault 1 Select
FTMOFLT1
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.
0 FTMO_FLT1 pin
1 CMP1 out
0 FTMO Fault O Select
FTMOFLTO

Selects the source of FTMO 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 FTMO_FLTO pin
1 CMPO out
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12.2.5 System Options Register 5 (SIM_SOPT5)

Address: 4004_7000h base + 1010h offset = 4004_8010h

Bit31302928272625242322212019181716|1514131211109876543210

RC

UART1RXSRC
UART1TXSRC
UARTORXSRC
UARTOTXSRC

LPUARTORXS

Rest 0 O 0 0 0O 0 0O OOOOOOUOU OO O|0OOOOOOOOOOOOOOOGODD

SIM_SOPTS5 field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 LPUARTO receive data source select
LPUARTORXSRC

Selects the source for the LPUARTO receive data.

00 LPUARTO_RX pin
01 CMPO output

10 CMP1 output

11 Reserved

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

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

Table continues on the next page...
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SIM_SOPTS field descriptions (continued)

Field Description
10 CMP1
11 Reserved
1-0 UART 0 transmit data source select
UARTOTXSRC

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 0 0 0 0 0

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
L 8 L 8
R & 0 s 2 0 i
= 5 [ m
3 T o ADC1TRGSEL 5z T o ADCOTRGSEL
z @ g g%
"8 3 g 8
< <D( < <
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.
15 ADC1 alternate trigger enable
ADC1ALTTRGEN
Enable alternative conversion triggers for ADC1.
0 PDB trigger selected for ADC1
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.

Table continues on the next page...
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SIM_SOPT7 field descriptions (continued)

Field

Description

12
ADC1PRETRGSEL

ADCH1 pre-trigger select
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
ADC1TRGSEL

ADCH1 trigger select
Selects the ADC1 trigger source when alternative triggers are functional in stop and VLPS modes.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

PDB external trigger pin input (PDBO_EXTRG)
High speed comparator 0 output
High speed comparator 1 output
Reserved

PIT trigger O

PIT trigger 1

PIT trigger 2

PIT trigger 3

FTMO trigger

FTM1 trigger

FTM2 trigger

Reserved

RTC alarm

RTC seconds

Low-power timer (LPTMR) trigger
Reserved

7
ADCOALTTRGEN

ADCO alternate trigger enable
Enable alternative conversion triggers for ADCO.

0 PDB trigger selected for ADCO.
1 Alternate trigger selected for ADCO.

6-5
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

4
ADCOPRETRGSEL

ADCO pretrigger select
Selects the ADCO pre-trigger source when alternative triggers are enabled through ADCOALTTRGEN.

0 Pre-trigger A
1 Pre-trigger B

3-0
ADCOTRGSEL

ADCO trigger select
Selects the ADCO trigger source when alternative triggers are functional in stop and VLPS modes. .

0000
0001
0010
0011
0100
0101

PDB external trigger pin input (PDBO_EXTRG)
High speed comparator 0 output

High speed comparator 1 output

Reserved

PIT trigger O

PIT trigger 1

Table continues on the next page...
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SIM_SOPT7 field descriptions (continued)

Field

Description

0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

PIT trigger 2

PIT trigger 3

FTMO trigger

FTM1 trigger

FTM2 trigger

Reserved

RTC alarm

RTC seconds

Low-power timer (LPTMR) trigger
Reserved

12.2.7 System Options Register 8 (SIM_SOPTS8)

Address: 4004_7000h base + 101Ch offset = 4004_801Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
o o o o o o o o
R 0 C'I\'J 8 (7] (7] (7] (/2] (@p] n
0 ~ ) Al - o
I I I I T I T I
go|g8e|8e (8o (8o |80 |80 |80
) o ) o o o o o
= = = = = = = =
= - = = = = = =
IR [T IR [T TR [T TR [T
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
E e[k
R 0 0 8 8 8
=z =z zZ
> > >
n N n
Al - o
= = =
F [ F
[T IR [T
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SOPTS field descriptions

Field Description
31-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23 FTMO channel 7 output source
FTMOOCH7SRC
0 FTMO_CH?7 pin is output of FTMO channel 7 output
1 FTMO_CHY7 pin is output of FTMO channel 7 output, modulated by FTM1 channel 1 output
22 FTMO channel 6 output source
FTMOOCH6SRC

0 FTMO_CHS6 pin is output of FTMO channel 6 output
1 FTMO_CHBS6 pin is output of FTMO channel 6 output, modulated by FTM1 channel 1 output

Table continues on the next page...
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SIM_SOPTS field descriptions (continued)

Field Description
21 FTMO channel 5 output source
FTMOOCH5SRC
0 FTMO_CHS5 pin is output of FTMO channel 5 output
1 FTMO_CHS5 pin is output of FTMO channel 5 output, modulated by FTM1 channel 1 output
20 FTMO channel 4 output source
FTMOOCH4SRC
0 FTMO_CH4 pin is output of FTMO channel 4 output
1 FTMO_CH4 pin is output of FTMO channel 4 output, modulated by FTM1 channel 1 output
19 FTMO channel 3 output source
FTMOOCH3SRC
0 FTMO_CHS3 pin is output of FTMO channel 3 output
1 FTMO_CHB3 pin is output of FTMO channel 3 output, modulated by FTM1 channel 1 output
18 FTMO channel 2 output source
FTMOOCH2SRC
0 FTMO_CH2 pin is output of FTMO channel 2 output
1 FTMO_CH2 pin is output of FTMO channel 2 output, modulated by FTM1 channel 1 output
17 FTMO channel 1 output source
FTMOOCH1SRC
0 FTMO_CHT1 pin is output of FTMO channel 1 output
1 FTMO_CH1 pin is output of FTMO channel 1 output, modulated by FTM1 channel 1 output
16 FTMO channel 0 output source
FTMOOCHOSRC
0 FTMO_CHO pin is output of FTMO channel 0 output
1 FTMO_CHO pin is output of FTMO channel 0 output, modulated by FTM1 channel 1 output
15-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 FTM2 Hardware Trigger 0 Software Synchronization
FTM2SYNCBIT
0 No effect.
1 Write 1 to assert the TRIGO input to FTM2, software must clear this bit to allow other trigger sources
to assert.
1 FTM1 Hardware Trigger 0 Software Synchronization
FTM1SYNCBIT
0 No effect.
1 Write 1 to assert the TRIGO input to FTM1, software must clear this bit to allow other trigger sources
to assert.
0 FTMO Hardware Trigger O Software Synchronization
FTMOSYNCBIT

0 No effect
1 Write 1 to assert the TRIGO input to FTMO, software must clear this bit to allow other trigger sources
to assert.
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12.2.8 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

x 0 0 0 Ofx x* x*x*1 0 1 0 1 x* x* x* x* x* x* x*

Reset X* Xx* 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

27-24 Kinetis Sub-Family ID
SUBFAMID

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

23-20 Kinetis Series ID
SERIESID

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

15-12 Device revision number
REVID

Specifies the silicon implementation number for the device.

Table continues on the next page...
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SIM_SDID field descriptions (continued)

Specifies the pincount of the device.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Field Description
11-7 Device Die ID
DIEID
Specifies the silicon feature set identication number for the device.
6-4 Kinetis family identification
FAMID
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
3-0 Pincount identification
PINID

Reserved
Reserved

32-pin

Reserved

48-pin

64-pin

80-pin

81-pin or 121-pin
100-pin

121-pin

144-pin

Custom pinout (WLCSP)
169-pin
Reserved
256-pin
Reserved
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12.2.9 System Clock Gating Control Register 4 (SIM_SCGC4)

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
(7}
D
Reset 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 4 3 2 1 0
R 0 0 o - o 0 1 0 0 0
o o o
= < < 12C1 | 12C0 EWM
w -] ) )
Reset 0 0 0 0 0 0 0 0 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 UART2 Clock Gate Control
UART2
This bit controls the clock gate to the UART2 module.

Table continues on the next page...
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SIM_SCGC4 field descriptions (continued)

Field Description
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 EWM Clock Gate Control
EWM
This bit controls the clock gate to the EWM module.
0 Clock disabled
1 Clock enabled
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.10 System Clock Gating Control Register 5 (SIM_SCGC5)

Address: 4004_700

Bit

31 30

0h base + 1038h offset = 4004_8038h

29 28 27 26 25 22 21 20

19 18 17

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 wlololaol < 1 o | o | o 0 1|

= = = = = s

[any o any o o sy -

©] o (@) o] @] o

W o o o o o —

Reset 0 0

o
o
o
o
o

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.
0 Clock disabled
1 Clock enabled
10 Port B Clock Gate Control
PORTB
This bit controls the clock gate to the Port B module.

Table continues on the next page...
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SIM_SCGCS field descriptions (continued)

Field Description
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 Low Power Timer Access Control
LPTMR
This bit controls software access to the Low Power Timer module.
0 Access disabled
1 Access enabled

12.2.11 System Clock Gating Control Register 6 (SIM_SCGC6)

Address: 4004_700

0h base + 103Ch offset = 4004_803Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 17 16
R 1 0 0
8 gl2|zs|¢g
D RTC a s | 8 Z | PIT | PDB
(m] <C L T8 L
W
Reset 0 1 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 1 0
o x
R 0 0 E < 2
128 SPI1 | SPIO < | g 2 |FT
T | =
w % @)
Reset 0 0 0 0 0 0 0 0 1
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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.
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.

Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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 I2S Clock Gate Control
12S
This bit controls the clock gate to the | 2 S module.
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 LPUARTO Clock Gate Control
LPUARTO
This bit controls the clock gate to the LPUARTO module.
0 Clock disabled
1 Clock enabled
9 RNGA Clock Gate Control
RNGA
This bit controls the clock gate to the RNGA module.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 ADC1 Clock Gate Control
ADCH1

This bit controls the clock gate to the ADC1 module.

Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled

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 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 and HSRUN mode is blocked.

0 Clock disabled
1 Clock enabled

12.2.12 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

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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

270 Freescale Semiconductor, Inc.




4
Chapter 12 System Integration Module (SIM)

SIM_SCGC7 field descriptions (continued)

Field Description

1 DMA Clock Gate Control
DMA

This bit controls the clock gate to the DMA module.

0 Clock disabled
1 Clock enabled

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.13 System Clock Divider Register 1 (SIM_CLKDIV1)

When updating CLKDIV 1, 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
R
w
Reset 0* 0* 0* O* O0* O* O0* O* O* O* O* O* O* O* O* 1*|0* O* O* O* O0* O* O* O* O* 0* O* O* 0* O* 0* O*

OUTDIV1 OuTDIV2

OuTDIV4

* Notes:
* Reset value loaded during Syetem Reset from FTF_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 FTF_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.

Table continues on the next page...
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SIM_CLKDIV1 field descriptions (continued)

Field

Description

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.

27-24
OuTDIV2

Clock 2 output divider value

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 FTF_FOPT[LPBOQOT]. 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
Reserved

This field is reserved.

This read-only field is reserved and always has the value 0.

19-16
OuUTDIV4

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 FTF_FOPT[LPBOQT]. The flash 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.

Table continues on the next page...
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Chapter 12 System Integration Module (SIM)

SIM_CLKDIV1 field descriptions (continued)

Field Description
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.

15-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.14 System Clock Divider Register 2 (SIM_CLKDIV2)

Address: 4004_7000h base + 1048h offset = 4004_8048h

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 1 10 9 8 | 7 6 5 4 3 2 1 0
®)

R 0 é
USBDIV ™

o0

(]

o)

0 0 0 0

SIM_CLKDIV2 field descriptions

Field Description
314 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
31 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).

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) ]
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12.2.15 Flash Configuration Register 1 (SIM_FCFG1)

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 0 PFSIZE 0 1

Reset ©0* 0* 0° ©0* 1* 1* 1 1 | 0 0 0 0 1 1 1 1

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

FLASHDOZE
FLASHDIS

Reset 0* 0* (0 0* 1* 1* 1* 1* (0 0* (0 0* (0 0* (0 o*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_FCFG1 field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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

Table continues on the next page...
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SIM_FCFG1 field descriptions (continued)

Field Description

1011 512 KB of program flash memory
1101 1024 KB of program flash memory
1111 256 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
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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12.2.16 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 1 MAXADDR1

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 MAXADDRO value for a device with 256 KB program flash in flash block 0.

23 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
22-16 Max address block 1
MAXADDRHT

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.

15-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.17 Unique ldentification Register High (SIM_UIDH)

Address: 4004_7000h base + 1054h offset = 4004_8054h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* O* O* 0* O* O* 0* O* 0* 0* 0* 0* O* O* 0* 0* O* 0* O* 0* 0* 0* 0* O* O* 0* O* O* 0* O* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDH field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.2.18 Unique Identification Register Mid-High (SIM_UIDMH)

Address: 4004_7000h base + 1058h offset = 4004_8058h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* 0* O* 0* o* O* 0* o* 0* 0* O* 0* 0* O* 0* 0* O* 0* o* 0* 0* O* 0* 0* O* 0* o* O* 0* o* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDMH field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.
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12.2.19 Unique ldentification Register Mid Low (SIM_UIDML)

Address: 4004_7000h base + 105Ch offset = 4004_805Ch

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_UIDML field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.2.20 Unique Identification Register Low (SIM_UIDL)

Address: 4004_7000h base + 1060h offset = 4004_8060h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset 0* 0* O* 0* o* O* 0* o* 0* 0* O* 0* 0* O* 0* 0* O* 0* o* 0* 0* O* 0* 0* O* 0* o* O* 0* o* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDL field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.3 Functional description

For more information about the functions of SIM, see the Introduction section.
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Chapter 13
Kinetis Flashloader

13.1 Chip-Specific Information

This device has various peripherals (UART, I2C, SPI, USB) supported by the Kinetis
Flashloader. The next table shows the pads used by the Kinetis Flashloader.

Table 13-1. Kinetis Flashloader Peripheral Pinmux

Port Signal
USBO_DP USBO_DP
USBO_DM USBO_DM

PTEO UART1_TX
PTE1 UART1_RX
PTC10 I12C1_SCL
PTC11 12C1_SDA
PTD4 SPI1_SS_b
PTD6 SPI1_MISO
PTD7 SPI1_MOSI
PTD5 SPI1_SCK

13.2 Introduction

The Kinetis devices that do not have an on-chip ROM are shipped with the pre-
programmed Kinetis Flashloader in the on-chip flash memory, for one-time, in-system
factory programming. The Kinetis Flashloader’s main task is to load a customer firmware
image into the flash memory. The image on the flash has 2 programs: flashloader_loader
and flashloader. After a device reset, the flashloader_loader program starts its execution
first. The flashloader_loader program copies the contents of flashloader image from the
flash to the on-chip RAM; the device then switches execution to the flashloader program
to execute from RAM.
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For the device, the Kinetis Flashloader can interface with USB, UART, I12C, and SPI
peripherals in slave mode and respond to the commands sent by a master (or host)
communicating on one of those ports. The host/master can be a firmware-download
application running on a PC or an embedded host communicating with the Kinetis
Flashloader. Regardless of the host/master (PC or embedded host), the Kinetis
Flashloader always uses a command protocol to communicate with that host/master.
Commands are provided to write to memory (flash or RAM), erase flash, and get/set
flashloader options and property values. The host application can query the set of
available commands.

This chapter describes Kinetis Flashloader features, functionality, command structure and
which peripherals are supported.

Features supported by the Kinetis Flashloader :

* Supports USB, UART, 12C, and SPI peripheral interfaces

* Automatic detection of the active peripheral

* UART peripheral implements autobaud

* Common packet-based protocol for all peripherals

 Packet error detection and retransmission

* Fully supports flash security, including ability to mass erase or unlock security via
the backdoor key

* Protection of RAM used by the flashloader while it is running

* Provides command to read properties of the device, such as flash and RAM size

Table 13-2. Commands supported by the Kinetis Flashloader

Command Description When flash security is
enabled, then this command is
Execute Run user application code that never returns control to |Not supported
the flashloader
FlashEraseAll Erase the entire flash array
FlashEraseRegion Erase a range of sectors in flash
WriteMemory Write data to memory
ReadMemory Read data from memory
FlashSecurityDisable Attempt to unlock flash security using the backdoor Supported
key
GetProperty Get the current value of a property
Reset Reset the chip
SetProperty Attempt to modify a writable property
FlashEraseAllUnsecure Erase the entire flash array, including protected
sectors
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13.3 Functional Description

The following sub-sections describe the Kinetis Flashloader functionality.

13.3.1 Memory Maps

While executing, the Kinetis Flashloader uses RAM memory.

Available

0x2000_8000
Flashloader use

0x1FFF_C000
RAM

Figure 13-1. Kinetis Flashloader RAM Memory Map

13.3.2 Kinetis Flashloader

13.3.3 Start-up Process
As the Kinetis Flashloader begins executing, flashloader operations begin:

1. The flashloader's .data and .bss sections are initialized.
2. All supported peripherals are initialized.
3. The flashloader waits for communication to begin on a peripheral.
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 There is no timeout for the active peripheral detection process.
* If communication is detected, then all inactive peripherals are shut down, and the

command phase is entered.

Enter flashloader

Init hardware

4
Init Flash,
Property and
Memory interfaces

y

Init UART1,
SPI1, and 12C1

Was

activity
detected on
uUsB?

No

Was a
Ping packet
received on
UART1?

No

Has
12C1 entered
interrupt state?

No

Has
SPI1 entered
interrupt state?

13.3.4 Clock Configuration

The Kinetis Flashloader uses the clock configuration of the chip out of reset. The
flashloader does not modify any clocks.

Yes

Yes

4

Shutdown unused

Peripherals

. | Enter flashloader

state machine

Yes

A

Figure 13-2. Kinetis Flashloader Start-up Flowchart
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13.3.5 Flashloader Protocol

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

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

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

13.3.5.1 Command with no data phase

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

Host Target

Command

Process command

Figure 13-3. Command with No Data Phase

13.3.5.2 Command with incoming data phase
The protocol for a command with an incoming data phase contains:
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e Command packet (from host)

* Generic response command packet (to host)
* Incoming data packets (from host)

* Generic response command packet (to host)

Host Target
Command
| 4
ACK
< _______________________
Process command
Initial Response
<
ACK
_______________________ _»
Data packet
>
Process data
ACK
<_ _______________________
| |
Final data packet
| 4
Process data
ACK
< _______________________
Final Response
<
ACK
_______________________ _»

Figure 13-4. Command with incoming data phase

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

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

284 Freescale Semiconductor, Inc.



4
Chapter 13 Kinetis Flashloader
* If the Generic Response packet prior to the start of the data
phase does not have a status of kStatus_Success, then the
data phase is aborted.
* Data phases may be aborted by the receiving side by
sending the final Generic Response early with a status of
kStatus_AbortDataPhase. The host may abort the data
phase early by sending a zero-length data packet.
» The final Generic Response packet sent after the data
phase includes the status for the entire operation.

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

Figure 13-5. Command with outgoing data phase

NOTE

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

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

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

13.3.6 Flashloader Packet Types

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

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

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

NOTE
The term "target" refers to the "Kinetis Flashloader device."

13.3.6.1 Ping packet

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

Table 13-3. Ping Packet Format

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

Target executes UART autobaud if necessary

PingResponse Packet

0x5a 0xa7 0x00 0x00 Ox01 x50 0x00 0x00 0x29 Oxae

Figure 13-6. Ping Packet Protocol Sequence

13.3.6.2 Ping Response Packet

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

Table 13-4. Ping Response Packet Format

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

Protocol bugfix

Protocol minor

Protocol major

Protocol name = 'P' (0x50)

Options low

Options high
CRC16 low
CRC16 high

|l N|loojo| [N =

The Serial Protocol Version number returned is 1.1.0.
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13.3.6.3 Framing Packet

The framing packet is used for flow control and error detection, and it (the framing

packet) wraps command and data packets as well.

Chapter 13 Kinetis Flashloader

The framing packet described in this section is used for serial peripherals including
UART, I2C and SPI. The USB HID peripheral does not use framing packets. Instead, the
packetization inherent in the USB protocol itself is used. Please refer to the USB
peripheral section for details.

Table 13-5. Framing Packet Format

Byte # Value Parameter
0 Ox5A start byte
1 packetType
2 length_low Length is a 16-bit field that specifies the entire
3 length_high command or data packet size in bytes.
4 crc16_low This is a 16-bit field. The CRC16 value covers entire
5 cre16_high framing packet, including the start byte and command

- or data packets, but does not include the CRC bytes.
See the CRC16 algorithm after this table.
6...n Command or Data packet
payload
CRC16 algorithm:

uintlé t crclé update(const uint8 t * src, uint32 t

{

uint32 t crc = 0;

uint32 t j;

for (j=0; j < lengthInBytes; ++7j)

{

uint32 t i;

uint32 t byte = src([jl;
crc "= byte << 8;
for (i = 0; 1 < 8; ++1)

{

uint32_t temp

crc << 1;

if (crc & 0x8000)

{

temp =

0x1021;

lengthInBytes)
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}

crc = temp;

}

return crc;

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

Table 13-6. Special Framing Packet Format

Byte # Value Parameter
0 O0x5A start byte
1 0xAn packetType

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

Table 13-7. packetType Field

packetType Name Description

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

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

0xA3 kFramingPacketType_AckAbort Data phase is being aborted.

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

O0xA5 kFramingPacketType_Data The framing packet contains a data packet payload.

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

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

13.3.6.4 Command packet

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

Table 13-8. Command Packet Format

Command Packet Format (32 bytes)

Command Header (4 bytes) | 28 bytes for Parameters (Max 7 parameters)

Table continues on the next page...
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Table 13-8. Command Packet Format (continued)

Command Packet Format (32 bytes)

Tag Flags |Rsvd |Param |Param1 Param2 Param3 Param4 Param5b Param6é Param7
Count |(32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit)
byte 0 |[byte 1 |byte2 |[byte 3
Table 13-9. Command Header Format
Byte # Command Header Field

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

1 Flags these fields.

2 Reserved. Should be 0x00.

3 ParameterCount

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

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

Table 13-10. Command Tags

Command Tag Name
0x01 FlashEraseAll The command tag specifies one of the
0x03 ReadMemory Kinetis Flashloader are listed here.
0x04 WriteMemory
0x06 FlashSecurityDisable
0x07 GetProperty
0x09 Execute
0x0B Reset
0x0C SetProperty
0x0D FlashEraseAllUnsecure
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Table 13-11. Response Tags

Response Tag Name
0xA0 GenericResponse The response tag specifies one of the responses
OxA7 GetPropertyResponse (used for sending the Kinetis Flashloader (target) returns to the

responses to GetProperty command only) host. The valid response tags are listed here.

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

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

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

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

13.3.6.5 Data packet

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

Table 13-12. Data Packet Format

Data Packet Format (32 bytes)

The contents of a data packet are simply the data itself. There are no other fields, so that
the most data per packet can be transferred. Framing packets are responsible for ensuring
that the correct packet data is received.

13.3.6.6 Response packet
The responses are carried using the same command packet format wrapped with framing
packet data. There are 3 types of responses:

* GenericResponse
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* GetPropertyResponse
* ReadMemoryResponse

GenericResponse: After the Kinetis Flashloader has processed a command, the
flashloader will send a generic response with status and command tag information to the
host. The generic response is the last packet in the command protocol sequence. The
generic response packet contains the framing packet data and the command packet data
(with generic response tag = 0xA0) and a list of parameters (defined in the next section).
The parameter count field in the header is always set to 2, for status code and command
tag parameters.

Table 13-13. GenericResponse Parameters

Byte # Parameter Descripton

0-3 Status code The Status codes are errors encountered during the execution of a
command by the target (Kinetis Flashloader). If a command succeeds,
then a kStatus_Success code is returned. Table 13-38, Kinetis
Flashloader Status Error Codes, lists the status codes returned to the host
by the Kinetis Flashloader.

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

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

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

Table 13-14. GetPropertyResponse Parameters

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

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

The ReadMemoryResponse packet is sent by the target in response to the host sending a
ReadMemory command. The ReadMemoryResponse packet contains the framing packet
data and the command packet data, with the command/response tag set to a
ReadMemoryResponse tag value (0xA3), the flags field set to
kCommandFlag_HasDataPhase (1).
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The parameter count set to 2 for the status code and the data byte count parameters shown
below.

Table 13-15. ReadMemoryResponse Parameters

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

13.3.7 Flashloader Command API

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

* For a list of commands supported by the Flashloader, see Table 13-2, Commands
supported.

* For a list of status codes returned by the Kinetis Flashloader, see Table 13-38,
Kinetis Flashloader Status Error Codes.

NOTE
All the examples in this section depict byte traffic on serial
peripherals that use framing packets. USB HID transactions use
the USB HID report packets instead of the serial framing
packets shown in this section. Please refer to the HID reports
section for details of the USB HID packet structure.

13.3.7.1 GetProperty command

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

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

For a list of properties and their associated 32-bit property tags supported by the Kinetis
Flashloader, see Table 13-34.

The 32-bit property tag is the only parameter required for GetProperty command.
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Table 13-16. Parameters for GetProperty Command

Byte #

Command

0-3

Property tag

Host

GetProperty: Property tag= 0x01
Ox5a a4 08 00 73d4 07000001 01000000 P

¢« Oxbaat

Generic Response:
l&——0x5a a4 0c 00 07 7a a7 00 00 02 00 00 00 00 00 00 01 4b

T ————— —  ACK:

Target

ACKE ]

Process command

Ox5aal ]

Figure 13-7. Protocol Sequence for GetProperty Command

Table 13-17. GetProperty Command Packet Format (Example)

GetProperty Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x08 0x00
crc16 0x73 0xD4

Command packet commandTag 0x07 — GetProperty

flags 0x00
reserved 0x00
parameterCount 0x01
propertyTag 0x00000001 - CurrentVersion

The GetProperty command has no data phase.

Response: In response to a GetProperty command, the target will send a
GetPropertyResponse packet with the response tag set to 0xA7. The parameter count
indicates the number of parameters sent for the property values, with the first parameter
showing status code 0, followed by the property value(s). The next table shows an
example of a GetPropertyResponse packet.
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Table 13-18. GetProperty Response Packet Format (Example)

GetPropertyResponse Parameter Value
Framing packet start byte Ox5A

packetType 0xA4, kFramingPacketType_Command
length 0x0c 0x00 (12 bytes)
crc16 0x07 0x7a

Command packet responseTag O0xA7
flags 0x00
reserved 0x00
parameterCount 0x02
status 0x00000000
propertyValue 0x0000014b - CurrentVersion

13.3.7.2 SetProperty command

The SetProperty command is used to change or alter the values of the properties or
options in the Kinetis Flashloader. However, the SetProperty command can only change
the value of properties that are writable—see Table 13-34, Properties used by Get/
SetProperty Commands. If you try to set a value for a read-only property, then the Kinetis
Flashloader will return an error.

The property tag and the new value to set are the 2 parameters required for the
SetProperty command.

Table 13-19. Parameters for SetProperty Command

Byte # Command
0-3 Property tag
4-7 Property value
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Host

SetProperty. Property tag= 10, Property Value= 1
Ox5a a4 0c 00 67 8d 0c 00 00 02 0a 00 00 00 01 00 00 00 ———p|

ACK: ]
¢« OxGaat

GenericResponse:

& 0x5a a4 00 9e 10 a0 00 Oc 02 00 00 00 00 Oc 00 00 00

Target

Process command

Figure 13-8. Protocol Sequence for SetProperty Command

Table 13-20. SetProperty Command Packet Format (Example)

SetProperty Parameter Value
Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x67 0x8D
Command packet commandTag 0x0C — SetProperty with property tag 10
flags 0x00
reserved 0x00
parameterCount 0x02

propertyTag

0x0000000A - VerifyWrites

propertyValue

0x00000001

The SetProperty command has no data phase.

Response: The target (Kinetis Flashloader) will return a GenericResponse packet with

one of following status codes:

Table 13-21. SetProperty Response Status Codes

Status Code

kStatus_Success

kStatus_ReadOnly

kStatus_UnknownProperty

kStatus_InvalidArgumen

t
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13.3.7.3 FlashEraseAll command

The FlashEraseAll command performs an erase of the entire flash memory. If any flash
regions are protected, then the FlashEraseAll command will fail and return an error status
code. Executing the FlashEraseAll command will release flash security if it (flash
security) was enabled, by setting the FTFA_FSEC register. However, the FSEC field of
the flash configuration field is erased, so unless it is reprogrammed, the flash security will
be re-enabled after the next system reset. The Command tag for FlashErase All command
1s 0x01 set in the commandTag field of the command packet.

The FlashEraseAll command requires no parameters.

Host Target

@ FlashEraseAll

Ox5a a4 04 00c42e01 000000 »

ACKe ]
¢«  Oxbaat

Process command

Generic Response:
¢ 0x5a a4 0c 00 53 63 a0 00 04 02 00 00 00 00 01 00 00 00

——— ACK
Ox5a a1\>

Figure 13-9. Protocol Sequence for FlashEraseAll Command

Table 13-22. FlashEraseAll Command Packet Format (Example)

FlashEraseAll Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0xC4 0x2E

Command packet commandTag 0x01 - FlashEraseAll

flags 0x00
reserved 0x00
parameterCount 0x00

The FlashEraseAll command has no data phase.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

298 Freescale Semiconductor, Inc.




4
Chapter 13 Kinetis Flashloader

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

13.3.7.4 FlashEraseRegion command

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

The start address and number of bytes are the 2 parameters required for the
FlashEraseRegion command. The start and byte count parameters must be , or the
FlashEraseRegion command will fail and return kStatus_FlashAlignmentError(101). If
the region specified does not fit in the flash memory space, the FlashEraseRegion
command will fail and return kStatus_FlashAddressError(102). If any part of the region
specified is protected, the FlashEraseRegion command will fail and return
kStatus_MemoryRangelnvalid(10200).

Table 13-23. Parameters for FlashEraseRegion Command

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

The FlashEraseRegion command has no data phase.

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

Table 13-24. FlashEraseRegion Response Status Codes

Status Code

kStatus_Success (0)
kStatus_MemoryRangelnvalid (10200)
kStatus_FlashAlignmentError (101)
kStatus_FlashAddressError (102)
kStatus_FlashAccessError (103)
kStatus_FlashProtectionViolation (104)
kStatus_FlashCommandFailure (105)
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13.3.7.5 FlashEraseAllUnsecure command

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

The FlashErase AllUnsecure command requires no parameters.

Host Target

- FlashEraseAllUnsecure
Ox5a a4 04 00f6 61 0d 00 ccO0— P

ACKE ]
¢« Oxbaat

Process command

Generic Response:
l&«—0x5a a4 0c 00 61 2 a0 00 04 02 00 00 00 00 0d 00 00 00

——— ACK
Ox5a a1\>

Figure 13-10. Protocol Sequence for FlashEraseAll Command

Table 13-25. FlashEraseAllUnsecure Command Packet Format (Example)

FlashEraseAllUnsecure Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0xF6 0x61

Command packet commandTag 0x0D - FlashEraseAllUnsecure

flags 0x00
reserved 0x00
parameterCount 0x00

The FlashErase AllUnsecure command has no data phase.

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

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

Special care must be taken when writing to flash.

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

* Writing to flash requires the start address to be .

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

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

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

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

Table 13-26. Parameters for WriteMemory Command

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

WriteMemory: startAddress = 0x20000400, byteCount= 0x64
0x5a a4 Oc 00 06 5a04 00 00 02 00 04 00 20 64 00 00 00

e e =
ACK: Ox5a a1

.,
Process command

Generic Response:
¢« 0x5a a4 0c 00 27 1f a0 00ff 02 00 00 00 00 04 00 00 00
| ACK:0x5aafl

_ ]
- Data packet:
Ox5a a5 20 00 CRC16 32bytesdata ™ >

Process Data

ACK: Ox5a a1

«—

- Final Data packet
Ox5a a5length16 CRC16 32 bytesdata —

Process Data

- __ACK

Generic Response
¢« 0x5a a4 0c 00 23 72a0 00 00 02 00 00 00 00 04 00 00 00

N

CKoxpaal —— ]

Figure 13-11. Protocol Sequence for WriteMemory Command

Table 13-27. WriteMemory Command Packet Format (Example)

WriteMemory Parameter Value

Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x06 Ox5A

Command packet commandTag 0x04 - writeMemory

flags 0x00
reserved 0x00
parameterCount 0x02
startAddress 0x20000400
byteCount 0x00000064
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Data Phase: The WriteMemory command has a data phase; the host will send data
packets until the number of bytes of data specified in the byteCount parameter of the
WriteMemory command are received by the target.

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

13.3.7.7 Read memory command

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

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

Table 13-28. Parameters for read memory command

Byte Parameter Description
0-3 Start address Start address of memory to read from
4-7 Byte count Number of bytes to read and return to caller
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Host Target

———————readMemory: startAddress = 0x20000400, byteCount = 100
DxSa ad D 00 1d 23 03 00 00 02 00 04 00 20 64 00 00 00 ———0 ¢

—ACK: Ox5a al

Process command

genaralc responsa for command:
g ——5a ad Oc 00 27 6 a3 01 00 02 00 00 00 00 64 00 00 00

-ACK: Ox5a al N
Data packet; —_—
‘___________._-—sta a5 20 00 CRC16 32 byles data Process Data
ACK: Ox5a al

ol

Final Data packet

o 058 ab length16 CRE1G 32 bytes data
Process Data

ACK: Ox5a a1
Final generic response:
¢ D0%5a &4 Oc D0 Oe 23 a0 00 00 02 00 00 00 00 03 00 00 00
ACHK: Dx5a al .

Figure 13-12. Command sequence for read memory

ReadMemory Parameter Value
Framing packet Start byte 0x5A0xA4,
packetType kFramingPacketType_Command
length 0x0C 0x00
crc16 0x1D 0x23
Command packet commandTag 0x03 - readMemory
flags 0x00
reserved 0x00
parameterCount 0x02
startAddress 0x20000400
byteCount 0x00000064

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

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

13.3.7.8 FlashSecurityDisable command

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

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

Table 13-30. Parameters for FlashSecurityDisable Command

Byte # Command
0-3 Backdoor key low word
4-7 Backdoor key high word
Host Target

FlashSecureDisable, with backdoor key 0102030405060708
0x5a a4 0c 00 43 70 06 00 00 04 030201 08 07 06 05 —p

ACK:
4( %& al

Process command

Generic Response:
«4— Ox5a a4 0c 00 35 78 a0 00 Oc 02 00 00 00 00 06 00 00 00

Figure 13-13. Protocol Sequence for FlashSecurityDisable Command

Table 13-31. FlashSecurityDisable Command Packet Format (Example)

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

Table continues on the next page...
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Table 13-31. FlashSecurityDisable Command Packet Format (Example) (continued)

FlashSecurityDisable | Parameter Value
Command packet commandTag 0x06 - FlashSecurityDisable
flags 0x00
reserved 0x00
parameterCount 0x02
Backdoorkey_low 0x04 0x03 0x02 0x01
Backdoorkey_high 0x08 0x07 0x06 0x05

The FlashSecurityDisable command has no data phase.

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

13.3.7.9 Execute command

The execute command results in the flashloader setting the program counter to the code at
the provided jump address, RO to the provided argument, and a Stack pointer to the
provided stack pointer address. Prior to the jump, the system is returned to the reset state.
See the Flashloader Exit state section.

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

Table 13-32. Parameters for Execute Command

Byte # Command
0-3 Jump address

4-7 Argument word

8- 11 Stack pointer address

The Execute command has no data phase.

Response: The target (Kinetis Flashloader) will return a GenericResponse packet with
status code either set to kStatus_Success for successful execution of the command, or set
to an appropriate error status code.
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13.3.7.10 Reset command
The Reset command will result in flashloader resetting the chip.

The Reset command requires no parameters.

Host Target

- Reset

Ox5a a4 04 00 6f46 Ob 00 00 00— P

ACK: ]
</Ox5a al

Process command

GenericResponse:
¢— 0x5a a4 0c 00 f8 Ob a0 00 04 02 00 00 00 00 Ob 00 00 00

[ ACK
Oxsaal ——  ————— )]

Figure 13-14. Protocol Sequence for Reset Command

Table 13-33. Reset Command Packet Format (Example)

Reset Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0x6F 0x46

Command packet commandTag 0x0B - reset

flags 0x00
reserved 0x00
parameterCount 0x00

The Reset command has no data phase.

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

The Kinetis Flashloader tries to reconfigure the system back to the reset state in the
following situations:
 After completion of an Execute command, but before jumping to the specified entry
point.
» After a peripheral detection timeout, but before jumping to the application entry
point.

Additional considerations:

 If VLPR mode is active during a system boot, then the flashloader will exit VLPR
mode on entry (to flashloader operation), and VLPR mode will not be restored after
exiting from the flashloader.

13.4 Peripherals Supported

This section describes the peripherals (UART, 12C, SPI, USB) supported by the Kinetis
Flashloader.

13.4.1 12C Peripheral

The Kinetis Flashloader supports loading data into flash via the I2C peripheral, where the
I2C peripheral serves as the 12C slave. A 7-bit slave address is used during the transfer.

The Kinetis Flashloader uses 0x10 as the I2C slave address, and supports 400 kbps as the
I2C baud rate.

Because the I2C peripheral in serves as an 12C slave device, each transfer should be
started by the host, and each outgoing packet should be fetched by the host.
* An incoming packet is sent by the host with a selected I2C slave address and the
direction bit is set as write.
* An outgoing packet is read by the host with a selected I12C slave address and the
direction bit is set as read.
» 0x00 will be sent as the response to host if the target is busy with processing or
preparing data.

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

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

308 Freescale Semiconductor, Inc.




Chapter 13 Kinetis Flashloader

Fetch
( Ping response ) End

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

YAes

Ox7A
received?

Figure 13-15. Host reads ping response from target via 12C

‘ Fetch ACK ) Report an error

Read 1 byte

from target No—»{  Report Error

A

No

0xA2

Read 1 byte /
received?

from target Process NAK «4—Ye

No

Reached
maximum
retries?

Ox5A

(eXOR 12 Read 1 byte

from target

O0xA1

Yes—» received?

Yes

Report a timeou
error

End

Figure 13-16. Host reads ACK packet from target via 12C
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Fetch
( Response ) End

Read 1 byte

from target Read
payload data
from target

Yes

es

v

Read 1 byte
from target

Set payload length
Now»{ to maximum
supported length

Payload length
less than su;)ported
length*

Yes

Read Read
Report a timeout payload length CRC checksum
error (End) ! part from target from target
(2 bytes) (2 bytes)

Figure 13-17. Host reads response from target via 12C

13.4.2 SPI Peripheral

The Kinetis Flashloader supports loading data into flash via the SPI peripheral, where the
SPI peripheral serves as a SPI slave.

The Kinetis Flashloader supports 400 kbps as the SPI baud rate.

Because the SPI peripheral serves as a SPI slave device, each transfer should be started
by the host, and each outgoing packet should be fetched by the host.

The transfer on SPI is slightly different from 12C:
* Host will receive 1 byte after it sends out any byte.
» Received bytes should be ignored when host is sending out bytes to target
* Host starts reading bytes by sending 0x00s to target
e The byte 0x00 will be sent as response to host if target is under the following
conditions:
* Processing incoming packet
* Preparing outgoing data
* Received invalid data

The following flowcharts demonstrate how the host reads a ping response, an ACK and a
command response from target via SPI.
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( Fetch )
Ping response End

Send 0x00 to Setnld f(t)xOOs btotShift
shift out 1 byte O;J leftover bytes
T from target of ping response

YAes

OxA7
received?

Figure 13-18. Host reads ping packet from target via SPI

‘ Fetch ACK ) Report an error

Send 0x00 to
shift out 1 byte
from target

No—p Report Error

A
No

Send 0x00 to
No—— | shift out 1 byte Process NAK «¢—Ye
from target

0xA2
received?

No

maximum
retries?

Send 0x00 to
Yes—p| shift out 1 byte
from target

1 Next action }4 Yes

Figure 13-19. Host reads ACK from target via SPI

Ox5A
received?

OxA1
received?

Yes

Report a
timeout error
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1 Fetch Response) End

Send 0x00 to
No——»| shift out 1 byte
from target

Write 0x00s to shift
out payload data [«
from target

Yes

maximum
retries?

Payload length Set payload length
Send 0x00 to less t%an supp%rted No—»|  to maximum
shift out 1 byte length? supported length
Yes from target

Write 0x00s to shift Write 0x00s to shift

Report a timeout out payload length out CRC checksum
error (End) part from target from target
(2 bytes) (2 bytes)

No

Figure 13-20. Host reads response from target via SPI

13.4.3 UART Peripheral

The Kinetis Flashloader integrates an autobaud detection algorithm for the UART
peripheral, thereby providing flexible baud rate choices.

Autobaud feature: If UART1 is used to connect to the flashloader, then the UART1_RX
pin must be kept high and not left floating during the detection phase in order to comply
with the autobaud detection algorithm. After the flashloader detects the ping packet
(0x5A 0xA6) on UART1_RX, the flashloader firmware executes the autobaud sequence.
If the baudrate is successfully detected, then the flashloader will send a ping packet
response [(0x5A 0xA7), protocol version (4 bytes), protocol version options (2 bytes) and
crcl6 (2 bytes)] at the detected baudrate. The Kinetis Flashloader then enters a loop,
waiting for flashloader commands via the UART peripheral.

NOTE

The data bytes of ping packet must be sent continuously (with
no delay between bytes) in a fixed UART transmission mode
(8-bit data, no parity bit and 1 stop bit). If the bytes of the ping
packet are sent one-by-one with some delay between them, the
autobaud detection algorithm may calculate an incorrect baud
rate. In this case, the autobaud detection state machine should
be reset.
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Supported baud rates: The baud rate is closely related to the MCU core and system
clock frequencies. Typical baud rates supported are 9600, 19200, 38400, and 57600.

Packet transfer: After autobaud detection succeeds, flashloader communications can
take place over the UART peripheral. The following flow charts show:
* How the host detects an ACK from the target
* How the host detects a ping response from the target
* How the host detects a command response from the target

Wait for
ping response

Report a timeou

maximum
retries?

Yes

error

Wait
for ACK

Wait for 1 byte
from target

O0x5A
received?

Yes—p

Process NAK

«—Ye

Wait for 1 byte
from target

Figure 13-21. Host reads an ACK from target via UART

Wait for 1 byte
from target

Ox5A
received?

End

Wait for
remaining bytes
of ping response

packet

Yesp

Wait for 1 byte
from target

YAes

OxA7
received?

Report an error

A

No

OxA2
received?

No

OxA1
received?

Yes

End

Report Error

Figure 13-22. Host reads a ping response from target via UART
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< Wait >
for response End

Wait for 1 byte
from target

0x5A
\fs

Wait for 1 byte
Yes from target

Waitfor payload
data from target

?

Yes

Reached
maximum
retries?

Set payload length
No»{ to maximum
supported length

Payload length
less than supported
length?

- Waitfor payload Waitfor CRC
Report aém;eout reg)éﬁldéd? Yes—p| length part from checksum from
error (End) target (2 bytes) target (2 bytes)

No

Figure 13-23. Host reads a command response from target via UART

13.4.4 USB peripheral

The Kinetis Flashloader supports loading data into flash via the USB peripheral. The
target is implemented as a USB HID class.

USB HID does not use framing packets; instead the packetization inherent in the USB
protocol itself is used. The ability for the device to NAK Out transfers (until they can be
received) provides the required flow control; the built-in CRC of each USB packet
provides the required error detection.

13.4.4.1 Clock configuration

The flashloader supports the crystal-less USB feature. If the USB peripheral is enabled,
then the flashloader enables the 48-MHz HIRC (by setting SIM_SOPT2[USBSRC] to 1).
The flashloader also enables the USB clock recovery feature (by setting
USB_CLK_RECOVER_CTRL bit 7 (CLOCK_RECOVER_EN) to 1 and
USB_CLK_RECOVER_IRC_EN bit 1 (IRC_EN) to 1).

13.4.4.2 Device descriptor
The Kinetis flashloader configures the default USB VID/PID/Strings as below:
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Default VID/PID:

e VID = 0x15A2
e PID = 0x0073

Default Strings:

e Manufacturer [1] = "Freescale Semiconductor Inc."
e Product [2] = "Kinetis Bootloader"

13.4.4.3 Endpoints
The HID peripheral uses 3 endpoints:

e Control (0)
e Interrupt IN (1)
* Interrupt OUT (2)

The Interrupt OUT endpoint is optional for HID class devices, but the Kinetis Flashloader
uses it as a pipe, where the firmware can NAK send requests from the USB host.

13.4.4.4 HID reports

There are 4 HID reports defined and used by the flashloader USB HID peripheral. The
report ID determines the direction and type of packet sent in the report; otherwise, the
contents of all reports are the same.

Report ID Packet Type Direction
1 Command ouT
2 Data ouT
3 Command IN
4 Data IN

For all reports, these properties apply:

Usage Min 1

Usage Max

Logical Min 0
Logical Max 255
Report Size 8
Report Count 34

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 315




A ————
Get/SetProperty Command Properties

Each report has a maximum size of 34 bytes. This is derived from the minimum
flashloader packet size of 32 bytes, plus a 2-byte report header that indicates the length
(in bytes) of the packet sent in the report.

NOTE
In the future, the maximum report size may be increased, to
support transfers of larger packets. Alternatively, additional
reports may be added with larger maximum sizes.

The actual data sent in all of the reports looks like:

Report ID
Packet Length LSB
Packet Length MSB
Packet[0]
Packet[1]
Packet[2]

alprlO|IN| 2| O

N+3-1 [Packet[N-1]

This data includes the Report ID, which is required if more than one report is defined in
the HID report descriptor. The actual data sent and received has a maximum length of 35
bytes. The Packet Length header is written in little-endian format, and it is set to the size
(in bytes) of the packet sent in the report. This size does not include the Report ID or the
Packet Length header itself. During a data phase, a packet size of 0 indicates a data phase
abort request from the receiver.

13.5 Get/SetProperty Command Properties

Table 13-34. Properties used by Get/SetProperty Commands, sorted by

Value
Property Writable | Tag Value Size Descripion

CurrentVersion No 01h 4 Current flashloader version.

AvailablePeripherals No 02h 4 The set of peripherals supported on this chip.

FlashStartAddress No 03h 4 Start address of program flash.

FlashSizelnBytes No 04h 4 Size in bytes of program flash.

FlashSectorSize No 05h 4 The size in bytes of one sector of program flash.
This is the minimum erase size.

FlashBlockCount No 06h 4 Number of blocks in the flash array.

Table continues on the next page...
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Table 13-34. Properties used by Get/SetProperty Commands, sorted by Value (continued)

Property Writable | Tag Value Size Descripion
AvailableCommands No 07h 4 The set of commands supported by the flashloader.
VerifyWrites Yes 0Ah 4 Controls whether the flashloader will verify writes to flash.

VerifyWrites feature is enabled by default.
0 - No verification is done.

1 - Enable verification.

MaxPacketSize No 0Bh 4 Maximum supported packet size for the currently active
peripheral interface.

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

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

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

ValidateRegions Yes 0Dh 4 Controls whether the flashloader will validate attempts to write
to memory regions (i.e., check if they are reserved before
attempting to write). ValidateRegions feature is enabled by
default.

0 - No validation is done.

1 - Enable validation.

RAMStartAddress No OEh 4 Start address of RAM.

RAMSizelnBytes No OFh 4 Size in bytes of RAM.

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

0 - Flash security is disabled.

1 - Flash security is enabled.

13.5.1 Property Definitions

The properties with values with complex meanings are documented in this section.

13.5.1.1 CurrentVersion Property

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

Table 13-35. Bit ranges for the version components:

| Bits | [31:24] | [23:16] | [15:8] | [7:0]

Table continues on the next page...
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Get/SetProperty Command Properties
Table 13-35. Bit ranges for the version components: (continued)

Field

| Name='K'(0x4B) |

Major version

| Minor version

Bugfix version |

The Kinetis Codebase Version number returned for the flashloader is 1.1.0.

13.5.1.2 AvailablePeripherals Property

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

Table 13-36. Peripheral bits:

Bit

[31:7]

(6]

(3]

(4]

(3]

(2]

(1

(0]

Peripheral

Reserved

USB DFU

USB CDC

USB HID

CAN

SPI Slave

12C Slave

UART

If the peripheral is available, then the corresponding bit will be set in the property value.

All reserved bits must be set to O.

13.5.1.3 AvailableCommands Property

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

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

mask = 1 << (tag - 1)
Table 13-37. Peripheral bits:
Bit | [31:11] | [10] [0 (8l [7] (6] (5] [4] [3] [2] (1] [0]
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Chapter 13 Kinetis Flashloader

13.6 Kinetis Flashloader Status Error Codes

This section describes the status error codes that the Kinetis Flashloader returns to the

host.

Table 13-38. Kinetis Flashloader Status Error Codes, sorted by Value

Error Code Value Description
kStatus_ Success 0 Operation succeeded without error.
kStatus_ Fail 1 Operation failed with a generic error.
kStatus_ ReadOnly 2 Requested value cannot be changed because it is read-only.
kStatus_ OutOfRange 3 Requested value is out of range.
kStatus_ InvalidArgument 4 The requested command's argument is undefined.
kStatus_Timeout 5 A timeout occurred.
kStatus_ FlashSizeError 100 Not used.
kStatus_ FlashAlignmentError 101 Address or length does not meet required alignment.
kStatus_ FlashAddressError 102 Address or length is outside addressable memory.
kStatus_ FlashAccessError 103 The FTFA_FSTAT[ACCERR] bit is set.
kStatus_FlashProtectionViolation 104 The FTFA_FSTAT[FPVIOL] bit is set.
kStatus_ FlashCommandFailure 105 The FTFA_FSTAT[MGSTATO] bit is set.
kStatus_ FlashUnknownProperty 106 Unknown Flash property.
kStatus_ 12C_SlaveTxUnderrun 200 I12C Slave TX Underrun error.
kStatus_ 12C_SlaveRxOverrun 201 I12C Slave RX Overrun error.
kStatus_ 12C_AribtrationLost 202 I12C Arbitration Lost error.
kStatus_ SPI_SlaveTxUnderrun 300 SPI Slave TX Underrun error.
kStatus_ SPI_SlaveRxOverrun 301 SPI Slave RX Overrun error.
kStatus_SPI_Timeout 302 SPI tranfser timed out.
kStatus_SPI_Busy 303 SPI instance is already busy performing a transfer.
kStatus_SPI_NoTransferlnProgress 304 Attempt to abort a transfer when no transfer was in progress.
kStatus_ UnknownCommand 10000 The requested command value is undefined.
kStatus_ SecurityViolation 10001 Command is disallowed because flash security is enabled.
kStatus_ AbortDataPhase 10002 Abort the data phase early.
kStatusMemoryRangelnvalid 10200 Memory range conflicts with a protected region.
kStatus_UnknownProperty 10300 The requested property value is undefined.
kStatus_ReadOnlyProperty 10301 The requested property value cannot be written.
kStatus_InvalidPropertyValue 10302 The specified property value is invalid.
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Chapter 14
Reset Control Module (RCM)

14.1 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 and ColdFire+ MCUs for further details on
using the RCM.

14.2 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 . .
address Register name (ivr\rht(:ittg) Access | Reset value Sec;tlc;n/

(hex) pag
4007_F000 |System Reset Status Register 0 (RCM_SRS0) 8 R 82h 14.2.1/322
4007_F001 |System Reset Status Register 1 (RCM_SRS1) 8 R 00h 14.2.2/323
4007_F004 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 14.2.3/325
4007_F005 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 14.2.4/326

Table continues on the next page...

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 321



http://cache.freescale.com/files/32bit/doc/app_note/AN4503.pdf

Reset memory map and register descriptions

RCM memory map (continued)

Absolute ; i
address Register name (ivr\lhgittg) Access | Reset value Sec;uc;n/

(hex) pag
4007_F007 |Mode Register (RCM_MR) R 00h 14.2.5/327
4007_F008 |Sticky System Reset Status Register 0 (RCM_SSRSO0) R/W 82h 14.2.6/328
4007_F009 |Sticky System Reset Status Register 1 (RCM_SSRS1) R/W 00h 14.2.7/329

14.2.1 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 + 0Oh 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

Table continues on the next page...
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Chapter 14 Reset Control Module (RCM)
RCM_SRSO field descriptions (continued)

Field Description
5 Watchdog
WDOG
Indicates a reset has been caused by the watchdog timer timing out. This reset source can be blocked by
disabling the watchdog.
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.
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

14.2.2 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:

e POR (including LVD) — 0x00
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e LVD (without POR) — 0x00
* VLLS mode wakeup — 0x00
* Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + 1h offset = 4007_F001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 0 SACKERR EZPT MDM_AP SW LOCKUP JTAG
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

Table continues on the next page...
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Chapter 14 Reset Control Module (RCM)

RCM_SRSH1 field descriptions (continued)

Field Description

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

14.2.3 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 .

Address: 4007_F000h base + 4h offset = 4007_F004h

Bit 7 6 5 4 | 3 2 1 0
Read 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 , and also during LLS and VLLS
modes. On exit from VLLS mode, this bit should be reconfigured before clearing PMC_REGSC[ACKISO].

0 Allfiltering disabled
1 LPO clock filter enabled

1-0 Reset Pin Filter Select in Run and Wait Modes
RSTFLTSRW

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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14.2.4 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.
4-0 Reset Pin Filter Bus Clock Select

RSTFLTSEL

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

14.2.5 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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14.2.6 Sticky System Reset Status Register 0 (RCM_SSRSO0)

This register includes status flags to indicate all reset sources since the last POR, LVD or
VLLS Wakeup that have not been cleared by software. Software can clear the status flags
by writing a logic one to a flag.

Address: 4007_F000h base + 8h offset = 4007_F008h

Bit 7 6 5 4 | 3 2 1 0
Read SPOR SPIN SWDOG 0 SLOL SLOC SLVD SWAKEUP
Write wic wic wic wic wic wic wic
Reset 1 0 0 0 0 0 1 0

RCM_SSRSO field descriptions
Field Description
7 Sticky Power-On Reset
SPOR
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 Sticky External Reset Pin
SPIN
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 Sticky Watchdog
SWDOG
Indicates a reset has been caused by the watchdog timer timing out.This reset source can be blocked by
disabling the watchdog.
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.
3 Sticky Loss-of-Lock Reset
SLOL
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 Sticky Loss-of-Clock Reset
SLOC

Table continues on the next page...
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RCM_SSRSO field descriptions (continued)

Field Description

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 Sticky Low-Voltage Detect Reset

SLVD
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 Sticky Low Leakage Wakeup Reset
SWAKEUP

Indicates a reset has been caused by an enabled LLWU modulewakeup 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.

0 Reset not caused by LLWU module wakeup source
1 Reset caused by LLWU module wakeup source

14.2.7 Sticky System Reset Status Register 1 (RCM_SSRS1)

This register includes status flags to indicate all reset sources since the last POR, LVD or
VLLS Wakeup that have not been cleared by software. Software can clear the status flags
by writing a logic one to a flag.

Address: 4007_F000h base + 9h offset = 4007_F009h

Bit 7 6 5 4 3 2 1 0
Read 0 0 SSACKERR| SEZPT SMDM_AP SSwW SLOCKUP SJTAG
Write wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0
RCM_SSRS1 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 Sticky Stop Mode Acknowledge Error Reset
SSACKERR

Table continues on the next page...
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RCM_SSRS1 field descriptions (continued)

Field Description

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 Sticky EzPort Reset
SEZPT

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 Sticky MDM-AP System Reset Request
SMDM_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 Sticky Software
SSwW

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 Sticky Core Lockup
SLOCKUP

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 Sticky JTAG Generated Reset
SJTAG

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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Chapter 15
System Mode Controller (SMC)

15.1 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 and ColdFire+ MCUs for further details on
using the SMC.

15.2 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 Freescale
microcontrollers.
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Modes of operation

The following table shows the translation between the ARM CPU modes and the
Freescale 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
Freescale MCU documentation normally uses wait and stop.

In addition, Freescale 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 15-1. 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.

HSRUN The MCU can be run at a faster frequency compared with RUN mode and the internal supply is fully
regulated. See the Power Management chapter for details about the maximum allowable
frequencies.

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.

Table continues on the next page...
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Table 15-1. Power modes (continued)

Mode

Description

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.

LLS3

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.

LLS2

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 voltage to internal logic and powering down the system RAM2 patrtition.
The system RAM1 partition, internal logic and 1/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. 2

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 STOPCTRL[PORPO].

1. See the devices' chip configuration details for the size and location of the system RAM partitions.
2. See the devices' chip configuration details for the size and location of the system RAM partitions.

15.3 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
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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.

SMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4007_EO000 |Power Mode Protection register (SMC_PMPROT) 8 R/W 00h 15.3.1/334
4007_EO001 |Power Mode Control register (SMC_PMCTRL) 8 R/W 00h 15.3.2/335
4007_E002 |Stop Control Register (SMC_STOPCTRL) 8 R/W 03h 15.3.3/337
4007_EO003 |Power Mode Status register (SMC_PMSTAT) 8 R 01h 15.3.4/338

15.3.1 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 + Oh offset = 4007_EO000h

Bit 7 6 5 4 | 3 2 1 0
Read | ApsruN 0 AVLP 0 ALLS 0 AVLLS 0
Write
Reset 0 0 0 0 0 0 0 0
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SMC_PMPROT field descriptions

Field Description
7 Allow High Speed Run mode
AHSRUN
Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
High Speed Run mode (HSRUN).
0 HSRUN is not allowed
1  HSRUN is allowed
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).
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 Any LLSx mode is not allowed
1 Any LLSx mode is 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.

15.3.2 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
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that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 1h offset = 4007_E001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 STOPA
RUNM STOPM
Write
Reset 0 0 0 0 0 0 0 0
SMC_PMCTRL field descriptions
Field Description
7 This field is reserved.
Reserved This bit is reserved for future expansion and should always be written zero.

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.

NOTE: RUNM may be set to HSRUN only when PMSTAT=RUN. After being programmed to HSRUN,
RUNM should not be programmed back to RUN until PMSTAT=HSRUN. Also, stop mode entry
should not be attempted while RUNM=HSRUN or PMSTAT=HSRUN.

00 Normal Run mode (RUN)

01 Reserved

10 Very-Low-Power Run mode (VLPR)
11 High Speed Run mode (HSRUN)

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 occured during the previous stop mode entry
sequence, preventing the system from entering that mode. This field is cleared by reset or 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 successsful.
1 The previous stop mode entry was aborted.

2-0 Stop Mode Control
STOPM

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 VLLSxor LLSx, the LLSM in the STOPCTRL register is used to further select the
particular VLLSor LLS submode which will be entered.

NOTE: When set to STOP, the PSTOPO bits in the STOPCTRL register can be used to select a Partial
Stop mode if desired.

000 Normal Stop (STOP)

Table continues on the next page...
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SMC_PMCTRL field descriptions (continued)

Field Description

001 Reserved

010 Very-Low-Power Stop (VLPS)
011 Low-Leakage Stop (LLSx)

100 Very-Low-Leakage Stop (VLLSXx)
101 Reserved

110 Reseved

111 Reserved

15.3.3 Stop Control Register (SMC_STOPCTRL)

The STOPCTRL 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_EO00h base + 2h offset = 4007_E002h

Bit 7 6 5 4 3 2 1 0
Read PSTOPO PORPO 0 LLSM
Write
Reset 0 0 0 0 0 0 1 1
SMC_STOPCTRL field descriptions
Field Description
7-6 Partial Stop Option
PSTOPO

These bits control whether a Partial Stop mode is entered when STOPM=STOP. When entering a Partial
Stop mode from RUN mode, the PMC, MCG and flash remain fully powered, allowing the device to
wakeup almost instantaneously at the expense of higher power consumption. In PSTOP2, only system
clocks are gated allowing peripherals running on bus clock to remain fully functional. In PSTOP1, both
system and bus clocks are gated.

00 STOP - Normal Stop mode

01 PSTOP1 - Partial Stop with both system and bus clocks disabled

10 PSTOP2 - Partial Stop with system clock disabled and bus clock enabled
11  Reserved

5 POR Power Option
PORPO

This bit controls whether the POR detect circuit is enabled in VLLSO mode.

Table continues on the next page...
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SMC_STOPCTRL field descriptions (continued)

Field Description
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 and should always be written zero.
2-0 LLS or VLLS Mode Control
LLSM

This field controls whichLLS or VLLS sub-mode to enter if STOPM=LLSx orVLLSx.

000 VLLSO if PMCTRL[STOPM]=VLLSx, reserved if PMCTRL[STOPM]=LLSx
001

010

VLLS1 if PMCTRL[STOPM]=VLLSXx, reserved if PMCTRL[STOPM]=LLSx
VLLS2 if PMCTRL[STOPM]=VLLSx, LLS2 if PMCTRL[STOPM]=LLSx

VLLS3 if PMCTRL[STOPM]=VLLSXx, LLS3 if PMCTRL[STOPM]=LLSx
100 Reserved
101 Reserved
110 Reserved
111  Reserved

011

15.3.4 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
7-0 Power Mode Status
PMSTAT
NOTE: When debug is enabled, the PMSTAT will not update to STOP or VLPS
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SMC_PMSTAT field descriptions (continued)

Field

Description

NOTE: When a PSTOP mode 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 Current power mode is HSRUN

15.4 Functional description

15.4.1 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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Figure 15-5. Power mode state diagram

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

Table 15-7. 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

Table continues on the next page...
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Table 15-7. Power mode transition triggers (continued)

Transition # From To Trigger conditions
2 RUN STOP PMCTRL[RUNM]=00, PMCTRL[STOPM]=0002

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
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
VLPW RUN Reset
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

NOTE: If VLPS was entered directly from RUN (transition

#7), 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 and VLPS mode was entered directly from RUN or
Reset
8 RUN VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,

STOPCTRL[VLLSM]=x (VLLSx), 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

9 VLPR VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
STOPCTRL[VLLSM]=x (VLLSx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

Table continues on the next page...
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Table 15-7. Power mode transition triggers (continued)

Transition #

From

To

Trigger conditions

10

RUN

LLS

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.

LLS

RUN

Wakeup from enabled LLWU input source and LLS mode was
entered directly from RUN or

RESET pin.

11

VLPR

LLS

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.

LLS

VLPR

Wakeup from enabled LLWU input source and LLS mode was
entered directly from VLPR

NOTE: If LLS was entered directly from RUN, hardware will
not allow this transition and will force exit back to
RUN

12

RUN

HSRUN

Set PMPROT[AHSRUN]=1, PMCTRL[RUNM]=11.

HSRUN

RUN

Set PMCTRL[RUNM]=00 or

Reset

—_

If debug is enabled, the core clock remains to support debug.

2. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPO]=01 or 10, then only a Partial Stop mode is entered instead of STOP
3. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPO]=00, then VLPS mode is entered instead of STOP. If
PMCTRL[STOPM]=000 and STOPCTRL[PSTOPOQ]=01 or 10, then only a Partial Stop mode is entered instead of VLPS

15.4.2 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.

Figure 15-6. Low-power system components and connections

15.4.2.1 Stop mode entry sequence

Entry into a low-power stop mode (Stop, VLPS, LLS, VLLSx) is initiated by CPU
execution of 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.
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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.
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.

hd

15.4.2.2 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.

15.4.2.3 Aborted stop mode entry

If an interrupt 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 interrupt occurs before the PMC begins the transition to stop mode
regulation. After this point, the interrupt 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.

15.4.2.4 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.

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 343




Functional description

15.4.2.5 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.

15.4.3 Run modes

The run modes supported by this device can be found here.

* Run (RUN)
* Very Low-Power Run (VLPR)
* High Speed Run (HSRUN)

15.4.3.1 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
* LR is set to OxFFFF_FFFF.

To reduce power in this mode, disable the clocks to unused modules using their
corresponding clock gating control bits in the SIM's registers.

15.4.3.2 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.
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* 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] is 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.

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.

Any reset always causes an exit from VLPR and returns the device to RUN mode after
the MCU exits its reset flow.

15.4.3.3 High Speed Run (HSRUN) mode

In HSRUN mode, the on-chip voltage regulator remains in a run regulation state, but with
a slightly elevated voltage output. In this state, the MCU is able to operate at a faster
frequency compared to normal RUN mode. See Power Management chapter for
maximum allowable frequencies.

While in this mode, the following restrictions must be adhered to:

* The maximum allowable change in frequency of the system, bus, flash or core clocks
1s restricted to x2.

» Before exiting HSRUN mode, clock frequencies should be reduced back down to
those acceptable in RUN mode.

* Stop mode entry is not supported from HSRUN.

* Modifications to clock gating control bits are prohibited.

* Flash programming/erasing is not allowed.
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To enter HSRUN mode, set RUNM=HSRUN. Before increasing clock frequencies, the
PMSTAT register should be polled to determine when the system has completed entry
into HSRUN mode. To reenter normal RUN mode, clear RUNM. Any reset will also
clear RUNM and cause the system to exit to normal RUN mode after the MCU exits its
reset flow.

15.4.4 Wait modes

This device contains two different wait modes which are listed here.

* Wait
* Very-Low Power Wait (VLPW)

15.4.4.1 WAIT mode

WAIT mode is entered when the ARM core enters the Sleep-Now or Sleep-On-Exit
modes while SLEEDEERP is cleared. The ARM CPU enters a low-power state in which it
1s not clocked, but peripherals continue to be clocked provided they are enabled. Clock
gating to the peripheral is enabled via the SIM module.

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 will cause an exit from WAIT mode, returning the device to normal RUN
mode.

15.4.4.2 Very-Low-Power Wait (VLPW) mode

VLPW is entered by the entering the Sleep-Now or Sleep-On-Exit mode while
SLEEPDEERP is cleared and the MCU 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 MCU over a reduced frequency.
To further reduce power in this mode, disable the clocks to unused modules by clearing
the peripherals' corresponding clock gating control bits in the SIM.

VLPR mode restrictions also apply to VLPW.

When an interrupt from VLPW occurs, the device returns to VLPR mode to execute the
interrupt service routine.
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A system reset will cause an exit from VLPW mode, returning the device to normal RUN
mode.

15.4.5 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 is
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.

NOTE
All clock monitors must be disabled before entering these low-
power modes: Stop, VLPS, VLPR, VLPW, LLS, and VLLSXx.

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 SLEEPDEEP 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)

* Very-Low-Leakage Stop (VLLSx)

15.4.5.1 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.

15.4.5.2 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.

A system reset will also cause a VLPS exit, returning the device to normal RUN mode.

15.4.5.3 Low-Leakage Stop (LLSx) modes

This device contains two Low-Leakage Stop modes: LLS3 and LLS2. LLS or LLSX is
often used in this document to refer to both modes. All LLS modes can be entered from
normal RUN or VLPR modes.

The MCU enters LLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, SLEEPDEERP is set in the System Control
Register in the ARM core, and
* The device is configured as shown in Table 15-7.

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_SRSO[PIN] and
RCM_SRSO[WAKEUP] are set.

15.4.5.4 Very-Low-Leakage Stop (VLLSx) modes
This device contains these very low leakage modes:

* VLLS3
e VLLS2
 VLLSI1
* 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 15-7.

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 is 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_SRSO[PIN] and
RCM_SRSO[WAKEUP] are set.

15.4.6 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:

* 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:

* 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 16
Power Management Controller (PMC)

16.1 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.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the PMC.

16.2 Features
A list of included PMC features can be found here.

* Internal voltage regulator

 Active POR providing brown-out detect

* Low-voltage detect supporting two low-voltage trip points with four warning levels
per trip point

16.3 Low-voltage detect (LVD) system

This device includes a system to guard against low-voltage conditions. This protects
memory contents and controls MCU system states during supply voltage variations.

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.
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Low-voltage detect (LVD) system

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. LVDSCI[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[LVWEF] 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.

16.3.1 LVD reset operation

By setting LVDSC1[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_SRSO[LVD])) is set following an LVD or power-on reset.

16.3.2 LVD interrupt operation

By configuring the LVD circuit for interrupt operation (LVDSCI1[LVDIE] set and
LVDSCI1[LVDRE] clear), LVDSC1[LVDF] is set and an LVD interrupt request occurs
upon detection of a low voltage condition. LVDSCI1[LVDF] is cleared by writing 1 to
LVDSCI1[LVDACK].

16.3.3 Low-voltage warning (LVW) interrupt operation

The LVD system contains a Low-Voltage Warning Flag (LVWF) 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 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].
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LVDSC2[LVWYV] selects one of the four trip voltages:

* Highest: VL ywa
« Two mid-levels: Vi yw3s and Vi yw»
* Lowest: Viywi

16.4 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 1/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 1/0O 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
REGSC[ACKISQ]. 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.

16.5 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.
PMC memory map
Absolute . .
address Register name (;I:f;(t;) Access | Reset value Sec;tu;n/
(hex) pag
Low Voltage Detect Status And Control 1 register
4007_D000 (PMC_LVDSC1) 8 R/W 10h 16.5.1/356

Table continues on the next page...
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PMC memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Low Voltage Detect Status And Control 2 register
4007_DO001 (PMC_LVDSC2) 8 R/W 00h 16.5.2/357
4007_D002 |Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 16.5.3/358

16.5.1 Low Voltage Detect Status And Control 1 register
(PMC_LVDSC1)

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 0
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.

0 Low-voltage event not detected
1 Low-voltage event detected

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description
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.
1-0 Low-Voltage Detect Voltage Select
LVDV

Selects the LVD trip point voltage (V Lyp ).

00 Low trip point selected (V .vp =V LvpL)
01 High trip point selected (V .vp =V LvbH )
10 Reserved
11  Reserved

16.5.2 Low Voltage Detect Status And Control 2 register
(PMC_LVDSC?2)

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 LVDSC2 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
information about these reset types, refer to the Reset section
details.
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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 Vgyppy 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.
1-0 Low-Voltage Warning Voltage Select
LVWV

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 (Vo yw = Vivws)
11 High trip point selected (Voyw = Vivwa)

16.5.3 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
(REGONYS) 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
VLLSXx). 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 1/0O 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/O 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/0 pads are in normal run state.
1 Certain peripherals and I/0 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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Chapter 17
Low-Leakage Wakeup Unit (LLWU)

17.1 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 LLS and VLLS through a reset flow.

The LLWU module also includes two optional digital pin filters for the external wakeup
pins.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the LLWU.

17.1.1 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.

» External pin wake-up inputs, each of which is programmable as falling-edge, rising-
edge, or any change
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Introduction

* Wake-up inputs that are activated after MCU enters a low-leakage power mode
* Optional digital filters provided to qualify an external pin detect. Note that when the
LPO clock is disabled, the filters are disabled and bypassed.

17.1.2 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].

17.1.2.1 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.

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.

17.1.2.2 VLLS modes

All wakeup and reset events result in VLLS exit via a reset flow.

17.1.2.3 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.

When the 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.
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17.1.2.4 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.

17.1.3 Block diagram
The following figure is the block diagram for the LLWU module.
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Figure 17-1. LLWU block diagram
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17.2 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 17-1. LLWU signal descriptions

Signal Description /0
LLWU_Pn Wakeup inputs (n = 0-15) |
17.3 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

NOTE
The LLWU registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

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.
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LLWU memory map

Absolute . .
address Register name (ierI:ittr;) Access | Reset value Se(;tu;n/
(hex) pag
4007_C000 |LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 17.3.1/365
4007_C001 |LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 17.3.2/366
4007_C002 |LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 17.3.3/367
4007_C003 |LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 17.3.4/368
4007_C004 |LLWU Module Enable register (LLWU_ME) 8 R/W 00h 17.3.5/369
4007_C005 |LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 17.3.6/371
4007_CO006 |LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 17.3.7/373
4007_CO007 |LLWU Flag 3 register (LLWU_F3) 8 R 00h 17.3.8/374
4007_C008 |LLWU Pin Filter 1 register (LLWU_FILTT) 8 R/W 00h 17.3.9/376
4007_CO009 |LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 17.3.10/377

17.3.1 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 WUPE3 WUPE2 WUPET WUPEO
Write
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
54 Wakeup Pin Enable For LLWU_P2
WUPE2

Enables and configures the edge detection for the wakeup pin.

Table continues on the next page...
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LLWU_PEH1 field descriptions (continued)

Field Description
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
1-0 Wakeup Pin Enable For LLWU_PO
WUPEO

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

17.3.2 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_CO000h 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

Table continues on the next page...
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LLWU_PE2 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 Wakeup Pin Enable For LLWU_P6

WUPES6
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
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1-0 Wakeup Pin Enable For LLWU_P4

WUPE4
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

17.3.3 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_CO000h base + 2h offset = 4007_C002h

Bit 7 6 5 4 3 2
Read
Write WUPE11 WUPE10 WUPE9 WUPES
Reset 0 0 0 0 0 0
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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
54 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
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_P9
WUPE9
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
1-0 Wakeup Pin Enable For LLWU_P8
WUPES8

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

17.3.4 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.
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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
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_P14
WUPE14

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_P13
WUPE13

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

1-0 Wakeup Pin Enable For LLWU_P12
WUPE12

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

17.3.5 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-MWUEFO.

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
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types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 4h offset = 4007_C004h

Bit 7 6 5 4 3 2 1 0
afrﬁg WUME7 WUMES6 WUMES5 WUME4 WUME3 WUME2 WUMEH1 WUMEO
Reset 0 0 0 0 0 0 0 0

LLWU_ME field descriptions
Field Description
7 Wakeup Module Enable For Module 7
WUME7

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 internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

5 Wakeup Module Enable For Module 5
WUME5
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

4 Wakeup Module Enable For Module 4
WUME4
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

3 Wakeup Module Enable For Module 3

WUMES
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

2 Wakeup Module Enable For Module 2

WUME2
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

1 Wakeup Module Enable for Module 1
WUMEH1
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

Table continues on the next page...
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LLWU_ME field descriptions (continued)

Field

Description

WUMEO

Wakeup Module Enable For Module 0
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

17.3.6 LLWU Flag 1 register (LLWU_F1)

LLWU_F]1 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFX), if set, will remain set if
the associated WUPEX bit is cleared.

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_CO000h base + 5h offset = 4007_C005h

Bit 7 6 5 4 3 2 1 0
Read WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUFO
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F1 field descriptions
Field Description
7 Wakeup Flag For LLWU_P7
WUF7
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF7.
0 LLWU_P7 input was not a wakeup source
1 LLWU_P7 input was a wakeup source
6 Wakeup Flag For LLWU_P6
WUF6
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF®6.

Table continues on the next page...
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LLWU_F1 field descriptions (continued)

Field Description

0 LLWU_PS6 input was not a wakeup source
1  LLWU_P®6 input was a wakeup source

5 Wakeup Flag For LLWU_P5
WUF5

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF5.

0 LLWU_PS5 input was not a wakeup source
1 LLWU_PS5 input was a wakeup source

4 Wakeup Flag For LLWU_P4
WUF4

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF4.

0 LLWU_P4 input was not a wakeup source
1 LLWU_P4 input was a wakeup source

3 Wakeup Flag For LLWU_P3
WUF3

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUFS3.

0 LLWU_PS input was not a wake-up source
1 LLWU_PS3 input was a wake-up source

2 Wakeup Flag For LLWU_P2
WUF2

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF2.

0 LLWU_P2 input was not a wakeup source
1 LLWU_P2 input was a wakeup source

1 Wakeup Flag For LLWU_P1
WUF1

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF1.

0 LLWU_P1 input was not a wakeup source
1 LLWU_P1 input was a wakeup source

0 Wakeup Flag For LLWU_PO
WUFO

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUFO.

0 LLWU_PO input was not a wakeup source
1 LLWU_PO input was a wakeup source
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17.3.7 LLWU Flag 2 register (LLWU_F2)

LLWU_F?2 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFx), if set, will remain set if
the associated WUPEX bit is cleared.

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 + 6h offset = 4007_C006h

Bit 7 6 5 4 3 2 1 0
Read WUF15 WUF14 WUF13 WUF12 WUF11 WUF10 WUF9 WUF8
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F2 field descriptions
Field Description
7 Wakeup Flag For LLWU_P15
WUF15
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF15.
0 LLWU_P15 input was not a wakeup source
1  LLWU_P15 input was a wakeup source
6 Wakeup Flag For LLWU_P14
WUF14
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF14.
0 LLWU_P14 input was not a wakeup source
1 LLWU_P14 input was a wakeup source
5 Wakeup Flag For LLWU_P13
WUF13
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF13.
0 LLWU_P13 input was not a wakeup source
1 LLWU_P13 input was a wakeup source

Table continues on the next page...
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LLWU_F2 field descriptions (continued)

Field Description

4 Wakeup Flag For LLWU_P12
WUF12

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF12.

0 LLWU_P12 input was not a wakeup source
1 LLWU_P12 input was a wakeup source

3 Wakeup Flag For LLWU_P11
WUF11

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF11.

0 LLWU_P11 input was not a wakeup source
1 LLWU_P11 input was a wakeup source

2 Wakeup Flag For LLWU_P10
WUF10

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF10.

0 LLWU_P10 input was not a wakeup source
1 LLWU_P10 input was a wakeup source

1 Wakeup Flag For LLWU_P9
WUF9

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF9.

0 LLWU_P9 input was not a wakeup source
1 LLWU_P9 input was a wakeup source

0 Wakeup Flag For LLWU_P8
WUF8

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF8.

0 LLWU_PS8 input was not a wakeup source
1 LLWU_P8 input was a wakeup source

17.3.8 LLWU Flag 3 register (LLWU_F3)

LLWU_F3 contains the wakeup flags indicating which internal wakeup source caused the
MCU to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt
flow. For VLLS, this is the source causing the MCU reset flow.

For internal peripherals that are capable of running in a low-leakage power mode, such as
a real time clock module or CMP module, the flag from the associated peripheral is
accessible as the MWUFx bit. The flag will need to be cleared in the peripheral instead of
writing a 1 to the MWUPFx bit.
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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_CO000h base + 7h offset = 4007_C007h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
LLWU_F3 field descriptions
Field Description
7 Wakeup flag For module 7
MWUF7

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 7 input was not a wakeup source
1 Module 7 input was a wakeup source

6 Wakeup flag For module 6
MWUF6
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 6 input was not a wakeup source
1 Module 6 input was a wakeup source

5 Wakeup flag For module 5
MWUF5
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 5 input was not a wakeup source
1 Module 5 input was a wakeup source

4 Wakeup flag For module 4
MWUF4
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 4 input was not a wakeup source
1 Module 4 input was a wakeup source

3 Wakeup flag For module 3
MWUF3
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 3 input was not a wakeup source
1 Module 3 input was a wakeup source

2 Wakeup flag For module 2
MWUF2

Table continues on the next page...
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LLWU_F3 field descriptions (continued)

Field

Description

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 2 input was not a wakeup source
1 Module 2 input was a wakeup source

MWUF1

Wakeup flag For module 1

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 1 input was not a wakeup source
1 Module 1 input was a wakeup source

MWUFO

Wakeup flag For module 0

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 0 input was not a wakeup source
1 Module 0 input was a wakeup source

17.3.9 LLWU Pin Filter 1 register (LLWU_FILT1)

LLWU_FILTI1 is a control and status register that is used to enable/disable the digital
filter 1 features for an external pin.

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 + 8h offset = 4007_C008h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT1 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...
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LLWU_FILT1 field descriptions (continued)

Field Description
0 Pin Filter 1 was not a wakeup source
1 Pin Filter 1 was a wakeup source

6-5 Digital Filter On External Pin
FILTE

Controls the digital filter options for the external pin detect.

00 Filter disabled

01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Filter Pin Select
FILTSEL

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

17.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)

LLWU_FILT?2 is a control and status register that is used to enable/disable the digital
filter 2 features for an external pin.

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 + 9h offset = 4007_C009h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF 0
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT2 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...
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LLWU_FILT2 field descriptions (continued)

Field Description
0 Pin Filter 2 was not a wakeup source
1 Pin Filter 2 was a wakeup source

6-5 Digital Filter On External Pin
FILTE

Controls the digital filter options for the external pin detect.

00 Filter disabled

01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Filter Pin Select
FILTSEL

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

17.4 Functional description

Thie low-leakage wakeup unit (LLWU) module allows internal peripherals and external
input pins as a source of wakeup from low-leakage modes.

It is operational only in LLS and VLLSx modes.

The LLWU module contains pin enables for each external pin and internal module. For
each external pin, the user can disable or select the edge type for the wakeup with the
following options:

 Falling-edge
* Rising-edge
 Either-edge

When an external pin is enabled as a wakeup source, the pin must be configured as an
input pin.

The LLWU implements optional 3-cycle glitch filters, based on the LPO clock. A
detected external pin is required to remain asserted until the enabled glitch filter times
out. Additional latency of up to 2 cycles is due to synchronization, which results in a total
of up to 5 cycles of delay before the detect circuit alerts the system to the wakeup or reset
event when the filter function is enabled. Two wakeup detect filters are available for
selected external pins. Glitch filtering is not provided on the internal modules.
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For internal module interrupts, the WUMEX bit enables the associated module interrupt
as a wakeup source.

17.4.1 LLS mode

Wakeup events triggered from either an external pin input or an internal module interrupt,
result in a CPU interrupt flow to begin user code execution.

17.4.2 VLLS modes

For any wakeup from VLLS, recovery is always via a reset flow and
RCM_SRS[WAKEUP] is set indicating the low-leakage mode was active. State retention
data is lost and I/0O will be restored after PMC_REGSC[ACKISO] has been written.

A VLLS exit event due to RESET pin assertion causes an exit via a system reset. State
retention data is lost and the I/O states immediately return to their reset state. The

RCM_SRS[WAKEUP] and RCM_SRS[PIN] bits are set and the system executes a reset
flow before CPU operation begins with a reset vector fetch.

17.4.3 Initialization

For an enabled peripheral wakeup input, the peripheral flag must be cleared by software
before entering LLS or VLLSx mode to avoid an immediate exit from the mode.

Flags associated with external input pins, filtered and unfiltered, must also be cleared by
software prior to entry to LLS or VLLSx mode.

After enabling an external pin filter or changing the source pin, wait at least five LPO
clock cycles before entering LLLS or VLLSx mode to allow the filter to initialize.

NOTE

After recovering from a VLLS mode, user must restore chip
configuration before clearing PMC_REGSC[ACKISO]. In
particular, pin configuration for enabled LLWU wake-up pins
must be restored to avoid any LLWU flag from being falsely set
when PMC_REGSCJACKISO] is cleared.

The signal selected as a wake-up source pin must be a digital
pin, as selected in the pin mux control.
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Chapter 18
Miscellaneous Control Module (MCM)

18.1

Introduction

NOTE

For the chip-specific implementation details of this module's

instances, see the chip configuration information.

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

functions.

18.1.1 Features

The MCM includes the following features:

e Program-visible information on the platform configuration and revision

18.2 Memory map/register descriptions

The memory map and register descriptions below describe the registers using byte

addresses.
MCM memory map
Absolute i i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Crossbar Switch (AXBS) Slave Configuration
E008_0008 (MCM_PLASC) 16 R 000Fh 18.2.1/382
Crossbar Switch (AXBS) Master Configuration
E008_000A (MCM_PLAMC) 16 R 0017h 18.2.2/382
E008_000C |Crossbar Switch (AXBS) Control Register (MCM_PLACR) 32 R/W | 0000_0000h | 18.2.3/383
Table continues on the next page...
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MCM memory map (continued)

Absolute ; i
address Register name (i":':ittl;) Access | Reset value Sec;tu;n/

(hex) pag
E008_0010 |Interrupt Status and Control Register (MCM_ISCR) 32 R 0002_0000h | 18.2.4/384
E008_0040 |Compute Operation Control Register (MCM_CPO) 32 R/W | 0000_0000h | 18.2.5/387

18.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)

PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device’s crossbar switch.

Address: E008_0000h base + 8h offset = E008_0008h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
MCM_PLASC field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the ASC field indicates whether there is a corresponding connection to the crossbar switch's
ASC slave input port.
0 A bus slave connection to AXBS input port n is absent
1 A bus slave connection to AXBS input port n is present

18.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMC)

PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's crossbar switch.

Address: E008_0000h base + Ah offset = EO08_000Ah

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

Write
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1
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MCM_PLAMC field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the AMC field indicates whether there is a corresponding connection to the AXBS master input
AMC port.

0 A bus master connection to AXBS input port n is absent
1 A bus master connection to AXBS input port n is present

18.2.3 Crossbar Switch (AXBS) Control Register (MCM_PLACR)

The PLACR register selects the arbitration policy for the crossbar masters.

Address: E008_0000h base + Ch offset = E008_000Ch

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 Reserved

MCM_PLACR field descriptions

Field Description
31-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 Arbitration select
ARB

0 Fixed-priority arbitration for the crossbar masters
1 Round-robin arbitration for the crossbar masters

8-0 This field is reserved.
Reserved

K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 383




Memory map/register descriptions

18.2.4 Interrupt Status and Control Register (MCM_ISCR)

The MCM_ISCR register includes the enable and status bits associated with the core’s
floating-point exceptions. The individual event indicators are first qualified with their

exception enables and then logically summed to form an interrupt request sent to the
core’s NVIC.

Bits 15-8 are read-only indicator flags based on the processor’s FPSCR register.
Attempted writes to these bits are ignored. Once set, the flags remain asserted until
software clears the corresponding FPSCR bit.

Address: E008_0000h base + 10h offset = E008_0010h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 0 Reserved
L L L L L w
(&) Q O o @] O
Q X |55 |13 ]¢
TR L T L [T TR
w
Reset 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
&) @) O &) O O
Al 8 0 = |5 |85 N |¢ 0
T T8 [l T [T L

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MCM_ISCR field descriptions

Field Description

31 FPU input denormal interrupt enable
FIDCE
0 Disable interrupt

1 Enable interrupt

Table continues on the next page...
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MCM_ISCR field descriptions (continued)

Field Description
3029 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
28 FPU inexact interrupt enable
FIXCE
0 Disable interrupt
1 Enable interrupt
27 FPU underflow interrupt enable
FUFCE
0 Disable interrupt
1 Enable interrupt
26 FPU overflow interrupt enable
FOFCE
0 Disable interrupt
1 Enable interrupt
25 FPU divide-by-zero interrupt enable
FDZCE
0 Disable interrupt
1 Enable interrupt
24 FPU invalid operation interrupt enable
FIOCE
0 Disable interrupt
1 Enable interrupt
23-16 This field is reserved.
Reserved
15 FPU input denormal interrupt status
FIDC
This read-only bit is a copy of the core’s FPSCR[IDC] bit and signals input denormalized number has been
detected in the processor's FPU. Once set, this bit remains set until software clears the FPSCR[IDC] bit.
0 Nointerrupt
1 Interrupt occurred
14-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 FPU inexact interrupt status
FIXC
This read-only bit is a copy of the core’s FPSCRI[IXC] bit and signals an inexact number has been
detected in the processor's FPU. Once set, this bit remains set until software clears the FPSCR[IXC] bit.
0 Nointerrupt
1 Interrupt occurred
11 FPU underflow interrupt status
FUFC
This read-only bit is a copy of the core’s FPSCR[UFC] bit and signals an underflow has been detected in
the processor’'s FPU. Once set, this bit remains set until software clears the FPSCR[UFC] bit.
0 No interrupt
1 Interrupt occurred
10 FPU overflow interrupt status
FOFC

Table continues on the next page...
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MCM_ISCR field descriptions (continued)

Field Description

This read-only bit is a copy of the core’s FPSCR[OFC] bit and signals an overflow has been detected in
the processor’'s FPU. Once set, this bit remains set until software clears the FPSCR[OFC] bit.

0 Nointerrupt
1 Interrupt occurred

9 FPU divide-by-zero interrupt status
FDzZC
This read-only bit is a copy of the core’s FPSCR[DZC] bit and signals a divide by zero has been detected
in the processor’'s FPU. Once set, this bit remains set until software clears the FPSCR[DZC] bit.

0 No interrupt
1 Interrupt occurred

8 FPU invalid operation interrupt status
FIOC
This read-only bit is a copy of the core’s FPSCRI[IOC] bit and signals an illegal operation has been
detected in the processor's FPU. Once set, this bit remains set until software clears the FPSCR[IOC] bit.

0 Nointerrupt
1 Interrupt occurred

7-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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18.2.5 Compute Operation Control Register (MCM_CPO)
This register controls the Compute Operation.

Address: E008_0000h base + 40h offset = E008_0040h

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 1 10 9 8 | 7 6 5 4 3 2 1 0
N2
(@]
R 0 g
o (@] w
CE) o
2 2
(@] (@]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MCM_CPO field descriptions

Field Description
31-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Compute Operation wakeup on interrupt
CPOWOI
0 No effect.
1 When set, the CPOREQ is cleared on any interrupt or exception vector fetch.
1 Compute Operation acknowledge
CPOACK

0 Compute operation entry has not completed or compute operation exit has completed.
1 Compute operation entry has completed or compute operation exit has not completed.

0 Compute Operation request
CPOREQ

This bit is auto-cleared by vector fetching if CPOWOI = 1.

Table continues on the next page...
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MCM_CPO field descriptions (continued)

Field Description
0 Requestis cleared.
1 Request Compute Operation.

18.3 Functional description

This section describes the functional description of MCM module.

18.3.1 Interrupts
The MCM's interrupt is generated if any of the following is true:

e FPU input denormal interrupt is enabled (FIDCE) and an input is denormalized
(FIDC)

* FPU inexact interrupt is enabled (FIXCE) and a number is inexact (FIXC)

* FPU underflow interrupt is enabled (FUFCE) and an underflow occurs (FUFC)

* FPU overflow interrupt is enabled (FOFCE) and an overflow occurs (FOFC)

* FPU divide-by-zero interrupt is enabled (FDZCE) and a divide-by-zero occurs
(FDZC)

* FPU invalid operation interrupt is enabled (FDZCE) and an invalid occurs (FDZC)

18.3.1.1 Determining source of the interrupt

To determine the exact source of the interrupt qualify the interrupt status flags with the
corresponding interrupt enable bits.

1. Form MCM_ISCR[31:16] && MCM_ISCR[15:0]
2. Search the result for asserted flags, which indicate the exact interrupt sources
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Chapter 19
Crossbar Switch Lite (AXBS-Lite)

19.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The information found here provides information on the layout, configuration, and
programming of the crossbar switch.

The crossbar switch connects bus masters and bus slaves using a crossbar switch
structure. This structure allows up to four bus masters to access different bus slaves
simultaneously, while providing arbitration among the bus masters when they access the
same slave.

19.1.1 Features

The crossbar switch includes these features:
* Symmetric crossbar bus switch implementation
» Allows concurrent accesses from different masters to different slaves
 32-bit data bus
e Operation at a 1-to-1 clock frequency with the bus masters

* Programmable configuration for fixed-priority or round-robin slave port arbitration
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19.2 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.

19.3 Functional Description

19.3.1 General operation

When a master accesses the crossbar switch, the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.

A master is given control of the targeted slave port only after a previous access to a
different slave port completes, regardless of its priority on the newly targeted slave port.
This prevents deadlock from occurring when:

* A higher priority master has:
* An outstanding request to one slave port that has a long response time and
* A pending access to a different slave port, and
* A lower priority master is also making a request to the same slave port as the pending
access of the higher priority master.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.
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Chapter 19 Crossbar Switch Lite (AXBS-Lite)
The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.

When a slave bus is being idled by the crossbar, it remains parked with the last master to
use the slave port. This is done to save the initial clock of arbitration delay that otherwise
would be seen if the master had to arbitrate to gain control of the slave port.

19.3.2 Arbitration

The crossbar switch supports two arbitration algorithms:

* Fixed priority
e Round-robin

The selection of the global slave port arbitration is controlled by MCM_PLACR[ARB].
For fixed priority, set MCM_PLACR[ARB] to 0. For round robin, set
MCM_PLACR[ARB] to 1. This arbitration setting applies to all slave ports.

19.3.2.1 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level
with the highest numbered master having the highest priority (for example, in a system
with 5 masters, master 1 has lower priority than master 3). If two masters request access
to the same slave port, the master with the highest priority gains control over the slave
port.

NOTE
In this arbitration mode, a higher-priority master can
monopolize a slave port, preventing accesses from any lower-
priority master to the port.

When a master makes a request to a slave port, the slave port checks whether the new
requesting master's priority level is higher than that of the master that currently has
control over the slave port, unless the slave port is in a parked state. The slave port
performs an arbitration check at every clock edge to ensure that the proper master, if any,
has control of the slave port.

The following table describes possible scenarios based on the requesting master port:
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Table 19-1. How the Crossbar Switch grants control of a slave port to a master

When Then the Crossbar Switch grants control to the
requesting master

Both of the following are true: At the next clock edge
¢ The current master is not running a transfer.
* The new requesting master's priority level is higher than
that of the current master.

Both of the following are true: At the next arbitration point for the undefined length burst
¢ The current master is running an undefined length burst |transfer
transfer.

NOTE: Arbitration points for an undefined length burst are

* The requesting master's priority level is higher than that
defined in the MGPCR for each master.

of the current master.

The requesting master's priority level is lower than the current | At the conclusion of one of the following cycles:

master. ¢ An IDLE cycle

¢ A non-IDLE cycle to a location other than the current
slave port

19.3.2.2 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on
the master port number. This relative priority is compared to the master port number (ID)
of the last master to perform a transfer on the slave bus. The highest priority requesting
master becomes owner of the slave bus at the next transfer boundary. Priority is based on
how far ahead the ID of the requesting master is to the ID of the last master.

After granted access to a slave port, a master may perform as many transfers as desired to
that port until another master makes a request to the same slave port. The next master in
line is granted access to the slave port at the next transfer boundary, or possibly on the
next clock cycle if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the crossbar is implemented
with master ports O, 1, 4, and 5. If the last master of the slave port was master 1, and
master 0, 4, and 5 make simultaneous requests, they are serviced in the order: 4 then 5
then O.

The round-robin arbitration mode generally provides a more fair allocation of the
available slave-port bandwidth (compared to fixed priority) as the fixed master priority
does not affect the master selection.

19.4 Initialization/application information

No initialization is required for the crossbar switch.
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See the AXBS section of the configuration chapter for the reset state of the arbitration
scheme.
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Chapter 20
Peripheral Bridge (AIPS-Lite)

20.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The peripheral bridge converts the crossbar switch interface to an interface that can
access most of the slave peripherals on this chip.

The peripheral bridge occupies 64 MB of the address space, which is divided into
peripheral slots of 4 KB. (It might be possible that all the peripheral slots are not used.
See the memory map chapter for details on slot assignments.) The bridge includes
separate clock enable inputs for each of the slots to accommodate slower peripherals.

20.1.1 Features

Key features of the peripheral bridge are:
» Supports peripheral slots with 8-, 16-, and 32-bit datapath width

20.1.2 General operation

The slave devices connected to the peripheral bridge are modules which contain a
programming model of control and status registers. The system masters read and write
these registers through the peripheral bridge. The peripheral bridge performs a bus
protocol conversion of the master transactions and generates the following as inputs to
the peripherals:

* Module enables

e Module addresses
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e Transfer attributes

* Byte enables

e Write data

The peripheral bridge selects and captures read data from the peripheral interface and
returns it to the crossbar switch.

The register maps of the peripherals are located on 4-KB boundaries. Each peripheral is
allocated one or more 4-KB block(s) of the memory map. Two global external module
enables are available for the remaining address space to allow for customization and
expansion of addressed peripheral devices.

The AIPS-Lite module uses the data width of accessed peripheral to perform proper data
byte lane routing; no bus decomposition (bus sizing) is performed.

20.2 Functional description

The peripheral bridge functions as a bus protocol translator between the crossbar switch
and the slave peripheral bus.

The peripheral bridge manages all transactions destined for the attached slave devices and
generates select signals for modules on the peripheral bus by decoding accesses within
the attached address space.

20.2.1 Access support

Aligned and misaligned 32-bit, 16-bit, and byte accesses are supported for 32-bit
peripherals. Misaligned accesses are supported to allow memory to be placed on the slave
peripheral bus. Peripheral registers must not be misaligned, although no explicit checking
is performed by the peripheral bridge. All accesses are performed with a single transfer.

All accesses to the peripheral slots must be sized less than or equal to the designated
peripheral slot size. If an access is attempted that is larger than the targeted port, an error
response is generated.
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Chapter 21
Direct Memory Access Multiplexer (DMAMUX)

21.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

21.1.1 Overview

The Direct Memory Access Multiplexer (DMAMUX) routes DMA sources, called slots,
to any of the 16 DMA channels. This process is illustrated in the following figure.
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Figure 21-1. DMAMUX block diagram

21.1.2 Features
The DMAMUX module provides these features:
* Up to 59 peripheral slots and up to four always-on slots can be routed to 16 channels.
* 16 independently selectable DMA channel routers.
* The first four channels additionally provide a trigger functionality.

* Each channel router can be assigned to one of the possible peripheral DMA slots or
to one of the always-on slots.

21.1.3 Modes of operation
The following operating modes are available:

e Disabled mode
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In this mode, the DMA channel is disabled. Because disabling and enabling of DMA
channels is done primarily via the DMA configuration registers, this mode is used
mainly as the reset state for a DMA channel in the DMA channel MUX. It may also
be used to temporarily suspend a DMA channel while reconfiguration of the system
takes place, for example, changing the period of a DMA trigger.

e Normal mode

In this mode, a DMA source is routed directly to the specified DMA channel. The
operation of the DMAMUX in this mode is completely transparent to the system.

* Periodic Trigger mode

In this mode, a DMA source may only request a DMA transfer, such as when a
transmit buffer becomes empty or a receive buffer becomes full, periodically.
Configuration of the period is done in the registers of the periodic interrupt timer
(PIT). This mode is available only for channels 0-3.

21.2 External signal description
The DMAMUX has no external pins.

21.3 Memory map/register definition

This section provides a detailed description of all memory-mapped registers in the
DMAMUX.

DMAMUX memory map

Absolute . .
address Register name (ivr\rht(:ittg) Access | Reset value Sec;tlc;n/

(hex) pag
4002_1000 |Channel Configuration register (DMAMUX_CHCFGO) 8 R/W 00h 21.3.1/400
4002_1001 |Channel Configuration register (DMAMUX_CHCFG1) 8 R/W 00h 21.3.1/400
4002_1002 |Channel Configuration register (DOMAMUX_CHCFG2) 8 R/W 00h 21.3.1/400
4002_1003 |Channel Configuration register (DMAMUX_CHCFG3) 8 R/W 00h 21.3.1/400
4002_1004 |Channel Configuration register (DMAMUX_CHCFG4) 8 R/W 00h 21.3.1/400
4002_1005 |[Channel Configuration register (DMAMUX_CHCFG5) 8 R/W 00h 21.3.1/400
4002_1006 |Channel Configuration register (DMAMUX_CHCFG6) 8 R/W 00h 21.3.1/400
4002_1007 |Channel Configuration register (DMAMUX_CHCFG7) 8 R/W 00h 21.3.1/400
4002_1008 |Channel Configuration register (DMAMUX_CHCFG8) 8 R/W 00h 21.3.1/400

Table continues on the next page...
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DMAMUX memory map (continued)

Absolute ; i
address Register name (ivryllgitt';) Access | Reset value Set;tlc;n/

(hex) pag
4002_1009 |Channel Configuration register (DMAMUX_CHCFG9) 8 R/W 00h 21.3.1/400
4002_100A |Channel Configuration register (DMAMUX_CHCFG10) 8 R/W 00h 21.3.1/400
4002_100B |Channel Configuration register (DMAMUX_CHCFG11) 8 R/W 00h 21.3.1/400
4002_100C |Channel Configuration register (DMAMUX_CHCFG12) 8 R/W 00h 21.3.1/400
4002_100D |Channel Configuration register (DMAMUX_CHCFG13) 8 R/W 00h 21.3.1/400
4002_100E |Channel Configuration register (DMAMUX_CHCFG14) 8 R/W 00h 21.3.1/400
4002_100F |Channel Configuration register (DMAMUX_CHCFG15) 8 R/W 00h 21.3.1/400

21.3.1 Channel Configuration register (DMAMUX_CHCFGn)

Each of the DMA channels can be independently enabled/disabled and associated with
one of the DMA slots (peripheral slots or always-on slots) in the system.

NOTE

Setting multiple CHCFG registers with the same source value
will result in unpredictable behavior. This is true, even if a
channel is disabled (ENBL==0).

Before changing the trigger or source settings, a DMA channel
must be disabled via CHCFGn[ENBL].

Address: 4002_1000h base + Oh offset + (1d x i), where i=0d to 15d

Bit 7 6 5 4 | 3 2 1 0
Read
Write ENBL TRIG SOURCE
Reset 0 0 0 o | o 0 0 0
DMAMUX_CHCFGn field descriptions
Field Description
7 DMA Channel Enable
ENBL

Enables the DMA channel.

0 DMA channel is disabled. This mode is primarily used during configuration of the DMAMux. The DMA
has separate channel enables/disables, which should be used to disable or reconfigure a DMA
channel.

1 DMA channel is enabled

6 DMA Channel Trigger Enable
TRIG

Enables the periodic trigger capability for the triggered DMA channel.

Table continues on the next page...
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DMAMUX_CHCFGn field descriptions (continued)

Field Description

0 Triggering is disabled. If triggering is disabled and ENBL is set, the DMA Channel will simply route the
specified source to the DMA channel. (Normal mode)

1 Triggering is enabled. If triggering is enabled and ENBL is set, the DMAMUX is in Periodic Trigger
mode.

5-0 DMA Channel Source (Slot)
SOURCE

Specifies which DMA source, if any, is routed to a particular DMA channel. See the chip-specific
DMAMUX information for details about the peripherals and their slot numbers.

21.4 Functional description

The primary purpose of the DMAMUX is to provide flexibility in the system's use of the
available DMA channels.

As such, configuration of the DMAMUX is intended to be a static procedure done during
execution of the system boot code. However, if the procedure outlined in Enabling and
configuring sources is followed, the configuration of the DMAMUX may be changed
during the normal operation of the system.

Functionally, the DMAMUX channels may be divided into two classes:

* Channels that implement the normal routing functionality plus periodic triggering
capability
e Channels that implement only the normal routing functionality

21.4.1 DMA channels with periodic triggering capability

Besides the normal routing functionality, the first 4channels of the DMAMUX provide a
special periodic triggering capability that can be used to provide an automatic mechanism
to transmit bytes, frames, or packets at fixed intervals without the need for processor
intervention. The trigger is generated by the periodic interrupt timer (PIT); as such, the
configuration of the periodic triggering interval is done via configuration registers in the
PIT. See the section on periodic interrupt timer for more information on this topic.

Note

Because of the dynamic nature of the system (due to DMA
channel priorities, bus arbitration, interrupt service routine
lengths, etc.), the number of clock cycles between a trigger and
the actual DMA transfer cannot be guaranteed.
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Figure 21-19. DMAMUKX triggered channels

The DMA channel triggering capability allows the system to schedule regular DMA
transfers, usually on the transmit side of certain peripherals, without the intervention of
the processor. This trigger works by gating the request from the peripheral to the DMA
until a trigger event has been seen. This is illustrated in the following figure.

Peripheral request / . \_/ \_/ .
Trigger I_I |_| ﬂ
DMA request / M

Figure 21-20. DMAMUX channel triggering: normal operation

After the DMA request has been serviced, the peripheral will negate its request,
effectively resetting the gating mechanism until the peripheral reasserts its request and
the next trigger event is seen. This means that if a trigger is seen, but the peripheral is not
requesting a transfer, then that trigger will be ignored. This situation is illustrated in the
following figure.
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Peripheral request / \ /
Trigger I_I |_| I_I
DMA request / \ /

Figure 21-21. DMAMUX channel triggering: ignored trigger

This triggering capability may be used with any peripheral that supports DMA transfers,
and is most useful for two types of situations:

* Periodically polling external devices on a particular bus

As an example, the transmit side of an SPI is assigned to a DMA channel with a
trigger, as described above. After it has been set up, the SPI will request DMA
transfers, presumably from memory, as long as its transmit buffer is empty. By using
a trigger on this channel, the SPI transfers can be automatically performed every 5 s
(as an example). On the receive side of the SPI, the SPT and DMA can be configured
to transfer receive data into memory, effectively implementing a method to
periodically read data from external devices and transfer the results into memory
without processor intervention.

 Using the GPIO ports to drive or sample waveforms

By configuring the DMA to transfer data to one or more GPIO ports, it is possible to
create complex waveforms using tabular data stored in on-chip memory. Conversely,
using the DMA to periodically transfer data from one or more GPIO ports, it is
possible to sample complex waveforms and store the results in tabular form in on-
chip memory.

A more detailed description of the capability of each trigger, including resolution, range
of values, and so on, may be found in the periodic interrupt timer section.

21.4.2 DMA channels with no triggering capability

The other channels of the DMAMUX provide the normal routing functionality as
described in Modes of operation.
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21.4.3 Always-enabled DMA sources

In addition to the peripherals that can be used as DMA sources, there are four additional
DMA sources that are always enabled. Unlike the peripheral DMA sources, where the
peripheral controls the flow of data during DMA transfers, the sources that are always
enabled provide no such "throttling" of the data transfers. These sources are most useful
in the following cases:

* Performing DMA transfers to/from GPIO—Moving data from/to one or more GPIO
pins, either unthrottled (that is, as fast as possible), or periodically (using the DMA
triggering capability).

* Performing DMA transfers from memory to memory—Moving data from memory to
memory, typically as fast as possible, sometimes with software activation.

e Performing DMA transfers from memory to the external bus, or vice-versa—Similar
to memory to memory transfers, this is typically done as quickly as possible.

* Any DMA transfer that requires software activation—Any DMA transfer that should
be explicitly started by software.

In cases where software should initiate the start of a DMA transfer, an always-enabled
DMA source can be used to provide maximum flexibility. When activating a DMA
channel via software, subsequent executions of the minor loop require that a new start
event be sent. This can either be a new software activation, or a transfer request from the
DMA channel MUX. The options for doing this are:

» Transfer all data in a single minor loop.

By configuring the DMA to transfer all of the data in a single minor loop (that is,
major loop counter = 1), no reactivation of the channel is necessary. The
disadvantage to this option is the reduced granularity in determining the load that the
DMA transfer will impose on the system. For this option, the DMA channel must be
disabled in the DMA channel MUX.

» Use explicit software reactivation.

In this option, the DMA is configured to transfer the data using both minor and major
loops, but the processor is required to reactivate the channel by writing to the DMA
registers after every minor loop. For this option, the DMA channel must be disabled
in the DMA channel MUX.

* Use an always-enabled DMA source.
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In this option, the DMA is configured to transfer the data using both minor and major
loops, and the DMA channel MUX does the channel reactivation. For this option, the
DMA channel should be enabled and pointing to an "always enabled" source. Note
that the reactivation of the channel can be continuous (DMA triggering is disabled)
or can use the DMA triggering capability. In this manner, it is possible to execute
periodic transfers of packets of data from one source to another, without processor
intervention.

21.5 |Initialization/application information

This section provides instructions for initializing the DMA channel MUX.

21.5.1 Reset

The reset state of each individual bit is shown in Memory map/register definition. In
summary, after reset, all channels are disabled and must be explicitly enabled before use.

21.5.2 Enabling and configuring sources

To enable a source with periodic triggering:

I.

2.
3.

hd

Determine with which DMA channel the source will be associated. Note that only the
first 4 DMA channels have periodic triggering capability.

Clear the CHCFG[ENBL] and CHCFG[TRIG] fields of the DMA channel.

Ensure that the DMA channel is properly configured in the DMA. The DMA channel
may be enabled at this point.

Configure the corresponding timer.

Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

NOTE

The following is an example. See the chip configuration details
for the number of this device's DMA channels that have
triggering capability.

To configure source #5 transmit for use with DMA channel 1, with periodic triggering
capability:

1.

Write 0x00 to CHCFGI1 (base address + 0x01).
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2. Configure channel 1 in the DMA, including enabling the channel.

3. Configure a timer for the desired trigger interval.
4. Write 0xC5 to CHCFGI1 (base address + 0x01).

The following code example illustrates steps 1 and 4 above:

void DMAMUX Init (uint8 t DMA CH, uint8 t DMAMUX SOURCE)
{
DMAMUX 0.CHCFG [DMA CH] .B.SOURCE
DMAMUX 0.CHCFG[DMA CH] .B.ENBL
DMAMUX_0.CHCFG[DMA_CH] .B.TRIG

DMAMUX_SOURCE ;
1;
1;

}

To enable a source, without periodic triggering:

1. Determine with which DMA channel the source will be associated. Note that only the
first 4 DMA channels have periodic triggering capability.

2. Clear the CHCFG[ENBL] and CHCFG|TRIG] fields of the DMA channel.

. Ensure that the DMA channel is properly configured in the DMA. The DMA channel

may be enabled at this point.

4. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that CHCFG[ENBL] is set while CHCFG[TRIG] is
cleared.

(98]

NOTE

The following is an example. See the chip configuration details
for the number of this device's DMA channels that have
triggering capability.

To configure source #5 transmit for use with DMA channel 1, with no periodic triggering
capability:

1. Write 0x00 to CHCFG1 (base address + 0x01).

2. Configure channel 1 in the DMA, including enabling the channel.

3. Write 0x85 to CHCFG1 (base address + 0x01).

The following code example illustrates steps 1 and 3 above:

In File registers.h:

#define DMAMUX BASE ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCFGO (volatile unsigned char *)
volatile unsigned char *CHCFG1 (volatile unsigned char *)
volatile unsigned char *CHCFG2 (volatile unsigned char *)
volatile unsigned char *CHCFG3 (volatile unsigned char *)
volatile unsigned char *CHCFG4 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0004) ;
volatile unsigned char *CHCFG5 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0005) ;

(DMAMUX_BASE_ADDR+0x0000) ;
(
(
(
(
(
volatile unsigned char *CHCFG6 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0006) ;
(
(
(
(
(
(
(

DMAMUX BASE ADDR+0x0001) ;
DMAMUX BASE ADDR+0x0002) ;
DMAMUX BASE ADDR+0x0003) ;

volatile unsigned char *CHCFG7 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0007) ;
volatile unsigned char *CHCFGS8 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0008) ;
volatile unsigned char *CHCFG9 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0009) ;
volatile unsigned char *CHCFG10= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000A) ;
volatile unsigned char *CHCFGll= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000B) ;
volatile unsigned char *CHCFG12= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000C) ;
volatile unsigned char *CHCFG1l3= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000D) ;
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volatile unsigned char *CHCFGl4= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000E) ;
volatile unsigned char *CHCFG1l5= (volatile unsigned char *) (DMAMUX BASE ADDR+0xO000F) ;

In File main.c:

#include "registers.h"

*CHCFG1
*CHCFG1

0x00;
0x85;

To disable a source:

A particular DMA source may be disabled by not writing the corresponding source value
into any of the CHCFG registers. Additionally, some module-specific configuration may
be necessary. See the appropriate section for more details.

To switch the source of a DMA channel:

1. Disable the DMA channel in the DMA and reconfigure the channel for the new
source.

2. Clear the CHCFG[ENBL] and CHCFG|TRIG] bits of the DMA channel.

3. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

To switch DMA channel 8 from source #5 transmit to source #7 transmit:

1. In the DMA configuration registers, disable DMA channel 8 and reconfigure it to
handle the transfers to peripheral slot 7. This example assumes channel 8 doesn't
have triggering capability.

2. Write 0x00 to CHCFGS (base address + 0x08).

. Write 0x87 to CHCFGS8 (base address + 0x08). (In this example, setting

CHCFG[TRIG] would have no effect due to the assumption that channel 8 does not

support the periodic triggering functionality.)

W

The following code example illustrates steps 2 and 3 above:

In File registers.h:

#define DMAMUX BASE_ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCFGO (volatile unsigned char *)
volatile unsigned char *CHCFG1l (volatile unsigned char *)
volatile unsigned char *CHCFG2 (volatile unsigned char *)
volatile unsigned char *CHCFG3 (volatile unsigned char *)
volatile unsigned char *CHCFG4 (volatile unsigned char *)
volatile unsigned char *CHCFG5 (volatile unsigned char *)
volatile unsigned char *CHCFG6 (volatile unsigned char *)
volatile unsigned char *CHCFG7 (volatile unsigned char *)
volatile unsigned char *CHCFGS8 (volatile unsigned char *)
volatile unsigned char *CHCFG9 (volatile unsigned char *)
volatile unsigned char *CHCFG1l0= (volatile unsigned char *)
volatile unsigned char *CHCFGll= (volatile unsigned char *)
volatile unsigned char *CHCFGl2= (volatile unsigned char *)
volatile unsigned char *CHCFG1l3= (volatile unsigned char *)
volatile unsigned char *CHCFGl4= (volatile unsigned char *)
volatile unsigned char *CHCFG1l5= (volatile unsigned char *)

DMAMUX BASE_ADDR+0x0000) ;
DMAMUX_BASE_ADDR+0x0001) ;
DMAMUX_BASE_ADDR+0x0002) ;
DMAMUX_BASE_ADDR+0x0003) ;
DMAMUX BASE ADDR+0x0004) ;
DMAMUX_BASE_ADDR+0x0005) ;
DMAMUX_BASE_ADDR+0x0006) ;
DMAMUX_BASE_ADDR+0x0007) ;
DMAMUX BASE ADDR+0x0008) ;
DMAMUX_BASE_ADDR+0x0009) ;
DMAMUX_BASE_ADDR+0x000A) ;
DMAMUX_BASE_ADDR+0x000B) ;
DMAMUX_ BASE_ADDR+0x000C) ;
DMAMUX_BASE_ADDR+0x000D) ;
DMAMUX_BASE_ADDR+0x000E) ;
DMAMUX_BASE_ADDR+0x000F) ;

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
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In File main.c:
#include "registers.h"

*CHCFGS8 0x00;
*CHCFG8 = 0x87;
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Chapter 22
Enhanced Direct Memory Access (eDMA)

22.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances, see the chip configuration information.

The enhanced direct memory access (eDMA) controller is a second-generation module
capable of performing complex data transfers with minimal intervention from a host
processor. The hardware microarchitecture includes:

* A DMA engine that performs:
* Source- and destination-address calculations
* Data-movement operations
* Local memory containing transfer control descriptors for each of the 16 channels

22.1.1 eDMA system block diagram

Figure 22-1 illustrates the components of the eDMA system, including the eDMA
module ("engine").
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Figure 22-1. eDMA system block diagram

22.1.2 Block parts

The eDMA module is partitioned into two major modules: the eDMA engine and the
transfer-control descriptor local memory.

The eDMA engine is further partitioned into four submodules:
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Table 22-1. eDMA engine submodules

Submodule

Function

Address path

This block implements registered versions of two channel transfer control descriptors, channel x
and channel y, and manages all master bus-address calculations. All the channels provide the
same functionality. This structure allows data transfers associated with one channel to be
preempted after the completion of a read/write sequence if a higher priority channel activation is
asserted while the first channel is active. After a channel is activated, it runs until the minor loop is
completed, unless preempted by a higher priority channel. This provides a mechanism (enabled
by DCHPRIn[ECP]) where a large data move operation can be preempted to minimize the time
another channel is blocked from execution.

When any channel is selected to execute, the contents of its TCD are read from local memory and
loaded into the address path channel x registers for a normal start and into channel y registers for
a preemption start. After the minor loop completes execution, the address path hardware writes
the new values for the TCDn_{SADDR, DADDR, CITER} back to local memory. If the major
iteration count is exhausted, additional processing is performed, including the final address pointer
updates, reloading the TCDn_CITER field, and a possible fetch of the next TCDn from memory as
part of a scatter/gather operation.

Data path

This block implements the bus master read/write datapath. It includes 16 bytes of register storage
and the necessary multiplex logic to support any required data alignment. The internal read data
bus is the primary input, and the internal write data bus is the primary output.

The address and data path modules directly support the 2-stage pipelined internal bus. The
address path module represents the 1st stage of the bus pipeline (address phase), while the data
path module implements the 2nd stage of the pipeline (data phase).

Program model/channel
arbitration

This block implements the first section of the eDMA programming model as well as the channel
arbitration logic. The programming model registers are connected to the internal peripheral bus.
The eDMA peripheral request inputs and interrupt request outputs are also connected to this block
(via control logic).

Control

This block provides all the control functions for the eDMA engine. For data transfers where the
source and destination sizes are equal, the eDMA engine performs a series of source read/
destination write operations until the number of bytes specified in the minor loop byte count has
moved. For descriptors where the sizes are not equal, multiple accesses of the smaller size data
are required for each reference of the larger size. As an example, if the source size references 16-
bit data and the destination is 32-bit data, two reads are performed, then one 32-bit write.

The transfer-control descriptor local memory is further partitioned into:

Table 22-2. Transfer control descriptor memory

Submodule

Description

Memory controller

This logic implements the required dual-ported controller, managing accesses from the eDMA
engine as well as references from the internal peripheral bus. As noted earlier, in the event of
simultaneous accesses, the eDMA engine is given priority and the peripheral transaction is
stalled.

Memory array

TCD storage for each channel's transfer profile.
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22.1.3 Features

The eDMA is a highly programmable data-transfer engine optimized to minimize any
required intervention from the host processor. It is intended for use in applications where
the data size to be transferred is statically known and not defined within the transferred
data itself. The eDMA module features:

e All data movement via dual-address transfers: read from source, write to destination
* Programmable source and destination addresses and transfer size
» Support for enhanced addressing modes

* 16-channel implementation that performs complex data transfers with minimal
intervention from a host processor

* Internal data buffer, used as temporary storage to support 16- and 32-byte
transfers

* Connections to the crossbar switch for bus mastering the data movement

 Transfer control descriptor (TCD) organized to support two-deep, nested transfer
operations

» 32-byte TCD stored in local memory for each channel
* An inner data transfer loop defined by a minor byte transfer count
* An outer data transfer loop defined by a major iteration count
* Channel activation via one of three methods:
* Explicit software initiation
e Initiation via a channel-to-channel linking mechanism for continuous transfers
* Peripheral-paced hardware requests, one per channel
* Fixed-priority and round-robin channel arbitration
e Channel completion reported via optional interrupt requests

* One interrupt per channel, optionally asserted at completion of major iteration
count

 Optional error terminations per channel and logically summed together to form
one error interrupt to the interrupt controller

* Optional support for scatter/gather DMA processing

» Support for complex data structures

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

412 Freescale Semiconductor, Inc.




Chapter 22 Enhanced Direct Memory Access (eDMA)

» Support to cancel transfers via software error detection and error correction

e Error detection and error correction

In the discussion of this module, # is used to reference the channel number.

22.2 Modes of operation

The eDMA operates in the following modes:
Table 22-3. Modes of operation

Mode Description

Normal In Normal mode, the eDMA transfers data between a source and a destination. The source and
destination can be a memory block or an 1/O block capable of operation with the eDMA.

A service request initiates a transfer of a specific number of bytes (NBYTES) as specified in the
transfer control descriptor (TCD). The minor loop is the sequence of read-write operations that
transfers these NBYTES per service request. Each service request executes one iteration of the
major loop, which transfers NBYTES of data.

Debug DMA operation is configurable in Debug mode via the control register:

e |f CR[EDBG] is cleared, the DMA continues to operate.
* If CR[EDBG] is set, the eDMA stops transferring data. If Debug mode is entered while a
channel is active, the eDMA continues operation until the channel retires.

Wait Before entering Wait mode, the DMA attempts to complete its current transfer. After the transfer
completes, the device enters Wait mode.

22.3 Memory map/register definition
The eDMA's programming model is partitioned into two regions:
* The first region defines a number of registers providing control functions

» The second region corresponds to the local transfer control descriptor (TCD)
memory

22.3.1 TCD memory

Each channel requires a 32-byte transfer control descriptor for defining the desired data
movement operation. The channel descriptors are stored in the local memory in
sequential order: channel 0, channel 1, ... channel 15. Each TCDn definition is presented
as 11 registers of 16 or 32 bits.
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22.3.2 TCD initialization

Prior to activating a channel, you must initialize its TCD with the appropriate transfer
profile.
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22.3.3 TCD structure

31 302928‘27262524232221 20119 18 17 16|15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

0000h SADDR
0004h |  SMOD SSIZE DMOD DSIZE SOFF
0008h NBYTES !
L &
o|o
en| 2|2 MLOFF or NBYTES 1 NBYTES 1
(] =)
000Ch SLAST
0010h DADDR
X
=z
", CITER
w or
0014h 2| cmERLNKH CITER DOFF
=
O
0018h DLAST_SGA
X X
z kel é % W=
- 9] Z w| Y| ogl|d|<|=
I S = > O] < o
001Ch | & BITER or BITER BWC| & 3 HEHEEERE
| BITER.LINKCH 3 z Q1E6 || G|
= g 2 <121 1°12|17”
) = <§(
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

1 The fields implemented in Word 2 depend on whether DMA_CR[EMLM] is 0 or 1.
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22.3.4 Reserved memory and bit fields

» Reading reserved bits in a register returns the value of zero.

» Writes to reserved bits in a register are ignored.

* Reading or writing a reserved memory location generates a bus error.

DMA memory map

Absolute . .
address Register name (inYI:ittr;) Access | Reset value Sec;tu;n/
(hex) pag
4000_8000 |Control Register (DMA_CR) 32 R/W | 0000_0000h | 22.3.1/426
4000_8004 |Error Status Register (DMA_ES) 32 R 0000_0000h | 22.3.2/429
4000_800C |Enable Request Register (DMA_ERQ) 32 R/W | 0000_0000h | 22.3.3/431
4000_8014 |Enable Error Interrupt Register (DMA_EEI) 32 R/W 0000_0000h | 22.3.4/433
w
4000_8018 |Clear Enable Error Interrupt Register (DMA_CEEI) 8 (always 00h 22.3.5/435
reads 0)
w
4000_8019 |Set Enable Error Interrupt Register (DMA_SEEI) 8 (always 00h 22.3.6/436
reads 0)
w
4000_801A |Clear Enable Request Register (DMA_CERQ) 8 (always 00h 22.3.7/437
reads 0)
w
4000_801B |Set Enable Request Register (DMA_SERQ) 8 (always 00h 22.3.8/438
reads 0)
w
4000_801C |Clear DONE Status Bit Register (DMA_CDNE) 8 (always 00h 22.3.9/439
reads 0)
w
4000_801D |Set START Bit Register (DMA_SSRT) 8 (always 00h 22.3.10/440
reads 0)
w
4000_801E |Clear Error Register (DMA_CERR) 8 (always 00h 22.3.11/441
reads 0)
w
4000_801F |Clear Interrupt Request Register (DMA_CINT) 8 (always 00h 22.3.12/442
reads 0)
4000_8024 |Interrupt Request Register (DMA_INT) 32 R/W 0000_0000h | 22.3.13/443
4000_802C |Error Register (DMA_ERR) 32 R/W | 0000_0000h | 22.3.14/445
4000_8034 |Hardware Request Status Register (DMA_HRS) 32 R 0000_0000h | 22.3.15/448
Enable Asynchronous Request in Stop Register
4000_8044 (DMA_EARS) 32 R/W | 0000_0000h | 22.3.16/451
4000_8100 |Channel n Priority Register (DMA_DCHPRI3) R/W See section |22.3.17/453
4000_8101 |Channel n Priority Register (DMA_DCHPRI2) R/W See section |22.3.17/453
4000_8102 |Channel n Priority Register (DMA_DCHPRI1) R/W See section | 22.3.17/453

Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name (iv:ilgitt';) Access | Reset value Sizt;c;n/
(hex)
4000_8103 |Channel n Priority Register (DMA_DCHPRIO0) 8 R/W See section | 22.3.17/453
4000_8104 |Channel n Priority Register (DMA_DCHPRI7) 8 R/W See section |22.3.17/453
4000_8105 |Channel n Priority Register (DMA_DCHPRI6) 8 R/W See section |22.3.17/453
4000_8106 |Channel n Priority Register (DMA_DCHPRI5) 8 R/W See section | 22.3.17/453
4000_8107 |Channel n Priority Register (DMA_DCHPRI4) 8 R/W See section |22.3.17/453
4000_8108 |Channel n Priority Register (DMA_DCHPRI11) 8 R/W See section | 22.3.17/453
4000_8109 |[Channel n Priority Register (DMA_DCHPRI10) 8 R/W See section |22.3.17/453
4000_810A |Channel n Priority Register (DMA_DCHPRI9) 8 R/W See section |22.3.17/453
4000_810B |Channel n Priority Register (DMA_DCHPRI8) 8 R/W See section |22.3.17/453
4000_810C |Channel n Priority Register (DMA_DCHPRI15) 8 R/W See section |22.3.17/453
4000_810D |Channel n Priority Register (DMA_DCHPRI14) 8 R/W See section | 22.3.17/453
4000_810E |Channel n Priority Register (DMA_DCHPRI13) 8 R/W See section |22.3.17/453
4000_810F |Channel n Priority Register (DMA_DCHPRI12) 8 R/W See section | 22.3.17/453
4000_9000 |TCD Source Address (DMA_TCDO_SADDR) 32 R/W Undefined |22.3.18/454
4000_9004 |TCD Signed Source Address Offset (DMA_TCDO0_SOFF) 16 R/W Undefined | 22.3.19/454
4000_9006 |TCD Transfer Attributes (DMA_TCDO_ATTR) 16 R/W Undefined | 22.3.20/455
40009008 (Té:,\'/? A“j?ggg{ﬁB%c’T”é'éf“&i[‘ﬁr()%oOp Disabled) 32 RW | Undefined |22.3.21/456
o0 sune |10 Saresiiner o Ot her o Sebters |y | | unoinas 22220
4000_9008 Eﬁaniig)”fSM“ﬂi?rrC'g’g_pNg:ffé(S'\fi,{/‘ligf'f&as”)d Offset 32 | RW | Undefined |22.3.23/458
4000_900C IDCI\I/? AL_aTséggfgLeAAsqgress Adjustment 32 | RW | Undefined |22.3.24/459
4000_9010 |TCD Destination Address (DMA_TCDO_DADDR) 32 R/W Undefined | 22.3.25/460
4000_9014 IDCI\I/? As_igg%do?ggg‘;;ion Address Offset 16 | RW | Undefined |22.3.26/460
4000_9016 Lﬁ Bn%”gf;gl';’g’;?BkAOXET'gg‘é_'\ngoél'{%"l’_lf\f}’é‘;‘é (SC);ha””e' 16 RW | Undefined |22.3.27/461
4000_9016 |DMA_TCDO_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
4000_9018 I\ggr;‘;s’tg&;tk‘fg%% f‘gﬁsz?SAgk’)Stme”t/scatter Gather 32 RW | Undefined |22.3.29/463
4000_901C | TCD Control and Status (DMA_TCDO_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count
4000_901E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCDO_BITER_ELINKYES)
1000 so1E | £0 BeSTIg Mor Lo Lok Ml ook S iy 1° | AW | ndtneo |z
4000_9020 |TCD Source Address (DMA_TCD1_SADDR) 32 R/W Undefined |22.3.18/454
4000_9024 |TCD Signed Source Address Offset (DMA_TCD1_SOFF) 16 R/W Undefined | 22.3.19/454
4000_9026 |TCD Transfer Attributes (DMA_TCD1_ATTR) 16 R/W Undefined | 22.3.20/455
Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page

4000_9028 (TDC|\5|) AMITr]gB?yﬁBC\;(OTUEné(wEﬁg_)OOP Disabled) 32 RW | Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_9028 | ryteet Disabled) (DMA_TCD1_NBYTES_MLOFFNO) 82 | RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset .

4000_9028 Enabled) (DMA_TCD1 NBYTES MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_902C (T[?,\El) AL?rSéS?”ngg‘fgress Adjustment 32 RW | Undefined |22.3.24/459

4000_9030 |TCD Destination Address (DMA_TCD1_DADDR) 32 R/W Undefined | 22.3.25/460

4000_9034 (T[?,\El) Asgg%‘]: Dggp;;m” Address Ofset 16 RW | Undefined |22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

4000_9036 | ;ing Enabled) (DMA_TCD1_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9036 |DMA_TCD1_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9038 Address (DMA_TCD1_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_903C |TCD Control and Status (DMA_TCD1_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_903E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD1_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_903E | 51,2 nnel Linking Disabled) (DMA_TCD1_BITER_ELINKNO) |  '© RIW | Undefined | 22.3.32/467

4000_9040 |TCD Source Address (DMA_TCD2_SADDR) 32 R/W Undefined |22.3.18/454

4000_9044 |TCD Signed Source Address Offset (DMA_TCD2_SOFF) 16 R/W Undefined | 22.3.19/454

4000_9046 |TCD Transfer Attributes (DMA_TCD2_ATTR) 16 R/W Undefined | 22.3.20/455

4000_9048 (TS,\EI) AM'T”SBSW,\?B%"T“E“E%'EEBL)°°D Disabled) 32 RW | Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

40009048 | oot Disabled) (DMA_TCD2 NBYTES_MLOFFNO) 82 | RMW | Undefined |22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_9048 Enabled) (DMA_TCD2 NBYTES MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_904C (Té:,\'/? A"?rség‘z’”rscl_eApé‘i'greSS Adjustment 32 RW | Undefined |22.3.24/459

4000_9050 |TCD Destination Address (DMA_TCD2_DADDR) 32 R/W Undefined |22.3.25/460

4000_9054 (Té:,\'/? As'gg%dzDSgEf;m” Address Ofset 16 RW | Undefined |22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

4000_9056 |, iing Enabled) (DMA_TCD2_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9056 |DMA_TCD2_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9058 Address (DMA_TCD2_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_905C |TCD Control and Status (DMA_TCD2_CSR) 16 R/W Undefined | 22.3.30/464

Table continues on the next page...
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DMA memory map (continued)

Absolute ] ]
address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page

TCD Beginning Minor Loop Link, Major Loop Count
4000_905E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD2_BITER_ELINKYES)

TCD Beginning Minor Loop Link, Major Loop Count

4000_905E | o, annel Linking Disabled) (DMA_TCD2_BITER_ELINKNO)|  '© RIW | Undefined | 22.3.32/467

4000_9060 |TCD Source Address (DMA_TCD3_SADDR) 32 R/W Undefined |22.3.18/454

4000_9064 |TCD Signed Source Address Offset (DMA_TCD3_SOFF) 16 R/W Undefined |22.3.19/454

4000_9066 |TCD Transfer Attributes (DMA_TCD3_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_9068 (DMA_TCD3_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_9068 |yttt Disabled) (DMA_TCD3_NBYTES_MLOFFNO) 82 | RMW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset .

4000_9068 Enabled) (DMA_TCD3_NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458

4000_906C | CD Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCDS3_SLAST)
4000_9070 |TCD Destination Address (DMA_TCD3_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD3_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCDS3_CITER_ELINKYES)

4000_9076 |DMA_TCD3_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_9074 16 R/W Undefined | 22.3.26/460

4000_9076 16 R/W Undefined |22.3.27/461

4000_9078 Address (DMA_TCD3_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_907C |TCD Control and Status (DMA_TCD3_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_907E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD3_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count '

4000_907E | o annel Linking Disabled) (DMA_TCD3_BITER_ELINKNO)|  '© RIW | Undefined | 22.3.32/467

4000_9080 |TCD Source Address (DMA_TCD4_SADDR) 32 R/W Undefined |22.3.18/454

4000_9084 |TCD Signed Source Address Offset (DMA_TCD4_SOFF) 16 R/W Undefined |22.3.19/454

4000_9086 |TCD Transfer Attributes (DMA_TCD4_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_9088 (DMA_TCD4 NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_9088 | oot Disabled) (DMA_TCD4_NBYTES_MLOFFNO) 32 RW 1 Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_9088 Enabled) (DMA_TCD4 NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458
TCD Last Source Address Adjustment '

4000_908C (DMA_TCD4 _SLAST) 32 R/W Undefined | 22.3.24/459

4000_9090 |TCD Destination Address (DMA_TCD4_DADDR) 32 R/W Undefined | 22.3.25/460
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Memory map/register definition

DMA memory map (continued)

Absolute

(DMA_TCD6_NBYTES_MLNO)

address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page

4000_9094 (TDC|\5|) AS'Sng%d4D§g'|L‘§)"°” Address Offset 16 | RMW | Undefined |22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

40009096 | | \1ing Enabled) (DMA_TCD4_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9096 |DMA_TCD4_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather .

4000_9098 Address (DMA_TCD4 DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_909C |TCD Control and Status (DMA_TCD4_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_909E |(Channel Linking Enabled) 16 R/W Undefined | 22.3.31/466
(DMA_TCD4_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_909E | 51,2 nnel Linking Disabled) (DMA_TCD4_BITER_ELINKNO) | 1© RW | Undefined | 22.3.32/467

4000_90A0 |TCD Source Address (DMA_TCD5_SADDR) 32 R/W Undefined | 22.3.18/454

4000_90A4 |TCD Signed Source Address Offset (DMA_TCD5_SOFF) 16 R/W Undefined |22.3.19/454

4000_90A6 |TCD Transfer Attributes (DMA_TCD5_ATTR) 16 R/W Undefined | 22.3.20/455

4000_90A8 (TS,\'/? AM'T”(‘:’B?E’B%"T“E”;(':\"A'E%‘)°OP Disabled) 32 RW | Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and .

4000_90A8 | tset Disabled) (DMA_TCD5_NBYTES_MLOFFNO) 82 | RW | Undefined |22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_90A8 Enabled) (DMA_TCD5_NBYTES MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_90AC (TS,\EI) A"aTséggurscng‘ﬁreSS Adjustment 32 RW | Undefined |22.3.24/459

4000_90B0 |TCD Destination Address (DMA_TCD5_DADDR) 32 R/W Undefined | 22.3.25/460

4000_90B4 (TS,\EI) Asﬁg%dngg"?;)“O” Address Offset 16 | RMW | Undefined |22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

4000_90B6 || ing Enabled) (DMA_TCD5_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_90B6 |DMA_TCD5_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather .

4000_90B8 Address (DMA_TCD5_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_90BC |TCD Control and Status (DMA_TCD5_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_90BE |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD5_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_90BE | 1 annel Linking Disabled) (DMA_TCD5_BITER_ELINKNO)| '@ RW | Undefined | 22.3.32/467

4000_90C0 |TCD Source Address (DMA_TCD6_SADDR) 32 R/W Undefined |22.3.18/454

4000_90C4 | TCD Signed Source Address Offset (DMA_TCD6_SOFF) 16 R/W Undefined |22.3.19/454

4000_90C6 |TCD Transfer Attributes (DMA_TCD6_ATTR) 16 R/W Undefined | 22.3.20/455

4000_90cg | 1D Minor Byte Count (Minor Loop Disabled) 32 RW | Undefined |22.3.21/456
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Chapter 22 Enhanced Direct Memory Access (eDMA)

DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_90C8 | e ot Disabled) (DMA_TCD6_NBYTES_MLOFFNO) 32 RIW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_90C8 Enabled) (DMA_TCD6_NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458

4000_90cC | D Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCDG6_SLAST)
4000_90D0 |TCD Destination Address (DMA_TCD6_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD6_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD6_CITER_ELINKYES)

4000_90D6 |DMA_TCD6_CITER_ELINKNO 16 R/W Undefined |22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_90D4 16 R/W Undefined | 22.3.26/460

4000_90D6 16 R/W Undefined |22.3.27/461

4000_90D8 Address (DMA_TCD6_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_90DC |[TCD Control and Status (DMA_TCD6_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_90DE |(Channel Linking Enabled) 16 R/W Undefined | 22.3.31/466
(DMA_TCD6_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_90DE | - nnel Linking Disabled) (DMA_TCD6_BITER_ELINKNO) | 1@ RIW | Undefined | 22.3.32/467

4000_90EQ |TCD Source Address (DMA_TCD7_SADDR) 32 R/W Undefined |22.3.18/454

4000_90E4 |TCD Signed Source Address Offset (DMA_TCD7_SOFF) 16 R/W Undefined | 22.3.19/454

4000_90E6 |TCD Transfer Attributes (DMA_TCD7_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) .

4000_90E8 (DMA_TCD7 NBYTES.MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_90E8 | 1t ot Disabled) (DMA_TCD7_NBYTES_MLOFFNO) 32 RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_90ES8 Enabled) (DMA_TCD7 NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458

4000_90EC | D Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCD7_SLAST)
4000_90F0 |TCD Destination Address (DMA_TCD7_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD7_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD7_CITER_ELINKYES)

4000_90F6 |DMA_TCD7_CITER_ELINKNO 16 R/W Undefined |22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_90F4 16 R/W Undefined |22.3.26/460

4000_90F6 16 R/W Undefined |22.3.27/461

4000_90F8 Address (DMA_TCD7 DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_90FC |TCD Control and Status (DMA_TCD7_CSR) 16 R/W Undefined |22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_90FE |(Channel Linking Enabled) 16 R/W Undefined | 22.3.31/466

(DMA_TCD7_BITER_ELINKYES)
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Memory map/register definition

DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

TCD Beginning Minor Loop Link, Major Loop Count .

4000_90FE |, - nnel Linking Disabled) (DMA_TCD7_BITER_ELINKNO)| '@ RIW | Undefined | 22.3.32/467

4000_9100 |TCD Source Address (DMA_TCD8_SADDR) 32 R/W Undefined |22.3.18/454

4000_9104 |TCD Signed Source Address Offset (DMA_TCD8_SOFF) 16 R/W Undefined | 22.3.19/454

4000_9106 |TCD Transfer Attributes (DMA_TCD8_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_9108 (DMA_TCD8_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and .

4000_9108 | 1t ot Disabled) (DMA_TCD8_NBYTES_MLOFFNO) 82 | RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_9108 Enabled) (DMA_TCD8_NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458
TCD Last Source Address Adjustment '

4000_910C (DMA_TCD8_SLAST) 32 R/W Undefined | 22.3.24/459

4000_9110 |TCD Destination Address (DMA_TCD8_DADDR) 32 R/W Undefined | 22.3.25/460
TCD Signed Destination Address Offset '

4000_9114 (DMA_TCD8_DOFF) 16 R/W Undefined | 22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel '

40009116 ) i ying Enabled) (DMA_TCD8_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9116 |[DMA_TCD8_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9118 Address (DMA_TCD8_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_911C |TCD Control and Status (DMA_TCD8_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_911E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD8_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count '

4000_9M1E | oy -nnel Linking Disabled) (DMA_TCD8_BITER_ELINKNO) | ' RIW | Undefined | 22.3.32/467

4000_9120 |TCD Source Address (DMA_TCD9_SADDR) 32 R/W Undefined |22.3.18/454

4000_9124 |TCD Signed Source Address Offset (DMA_TCD9_SOFF) 16 R/W Undefined | 22.3.19/454

4000_9126 |TCD Transfer Attributes (DMA_TCD9_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) .

4000_9128 (DMA_TCD9 NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and .

4000_9128 | ¢t Disabled) (DMA_TCD9_NBYTES_MLOFFNO) 32 RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_9128 Enabled) (DMA_TCD9. NBYTES MLOFFYES) 32 R/W Undefined | 22.3.23/458
TCD Last Source Address Adjustment '

4000_912C (DMA_TCD9_SLAST) 32 R/W Undefined | 22.3.24/459

4000_9130 |TCD Destination Address (DMA_TCD9_DADDR) 32 R/W Undefined | 22.3.25/460
TCD Signed Destination Address Offset '

4000_9134 (DMA_TCD9_DOFF) 16 R/W Undefined | 22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

4000_9136 ) i ying Enabled) (DMA_TCD9_CITER_ELINKYES) 16 RIW | Undefined | 22.3.27/461
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Chapter 22 Enhanced Direct Memory Access (eDMA)

DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

4000_9136 |DMA_TCD9_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9138 Address (DMA_TCD9_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_913C |TCD Control and Status (DMA_TCD9_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_913E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD9_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_913E | oyannel Linking Disabled) (DMA_TCD9_BITER_ELINKNO) | '© RW | Undefined | 22.3.32/467

4000_9140 |TCD Source Address (DMA_TCD10_SADDR) 32 R/W Undefined |22.3.18/454

4000_9144 |TCD Signed Source Address Offset (DMA_TCD10_SOFF) 16 R/W Undefined | 22.3.19/454

4000_9146 |TCD Transfer Attributes (DMA_TCD10_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_9148 (DMA_TCD10_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

40009148 | ttcet Disabled) (DMA_TCD10_NBYTES_MLOFFNO) 32 RIW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_9148 Enabled) (DMA_TCD10_NBYTES_MLOFFYES) 32 R/W Undefined |22.3.23/458
TCD Last Source Address Adjustment .

4000_914C (DMA_TCD10_SLAST) 32 R/W Undefined | 22.3.24/459

4000_9150 |TCD Destination Address (DMA_TCD10_DADDR) 32 R/W Undefined | 22.3.25/460
TCD Signed Destination Address Offset .

4000_9154 (DMA_TCD10_DOFF) 16 R/W Undefined | 22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel '

4000_9156 ) i \ing Enabled) (DMA_TCD10_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9156 |[DMA_TCD10_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9158 Address (DMA_TCD10_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_915C |TCD Control and Status (DMA_TCD10_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_915E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD10_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count

4000_915E |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD10_BITER_ELINKNO)

4000_9160 |TCD Source Address (DMA_TCD11_SADDR) 32 R/W Undefined |22.3.18/454

4000_9164 |TCD Signed Source Address Offset (DMA_TCD11_SOFF) 16 R/W Undefined |22.3.19/454

4000_9166 |TCD Transfer Attributes (DMA_TCD11_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) .

4000_9168 (DMA_TCD11_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_9168 | ¢tcet Disabled) (DMA_TCD11_NBYTES_MLOFFNO) 82 | RW | Undefined |22.3.22/457

Table continues on the next page...
K22F Sub-Family Reference Manual , Rev. 3, 7/2014
Freescale Semiconductor, Inc. 423



Memory map/register definition

DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

TCD Signed Minor Loop Offset (Minor Loop and Offset .

4000_9168 Enabled) (DMA_TCD11_NBYTES_MLOFFYES) 32 R/W Undefined | 22.3.23/458
TCD Last Source Address Adjustment '

4000_916C (DMA_TCD11_SLAST) 32 R/W Undefined | 22.3.24/459

4000_9170 |TCD Destination Address (DMA_TCD11_DADDR) 32 R/W Undefined | 22.3.25/460
TCD Signed Destination Address Offset '

4000_9174 (DMA_TCD11_DOFF) 16 R/W Undefined | 22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel '

4000_9176 1) i ing Enabled) (DMA_TCD11_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9176 |[DMA_TCD11_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9178 Address (DMA_TCD11_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_917C |TCD Control and Status (DMA_TCD11_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_917E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD11_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count

4000_917E |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD11_BITER_ELINKNO)

4000_9180 |TCD Source Address (DMA_TCD12_SADDR) 32 R/W Undefined |22.3.18/454

4000_9184 |TCD Signed Source Address Offset (DMA_TCD12_SOFF) 16 R/W Undefined |22.3.19/454

4000_9186 |TCD Transfer Attributes (DMA_TCD12_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_9188 (DMA_TCD12 _NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_9188 | ¢t et Disabled) (DMA_TCD12_NBYTES_MLOFFNO) 82 | RW | Undefined |22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset .

4000_9188 Enabled) (DMA_TCD12_NBYTES_MLOFFYES) 32 R/W Undefined |22.3.23/458
TCD Last Source Address Adjustment '

4000_918C (DMA_TCD12_SLAST) 32 R/W Undefined | 22.3.24/459

4000_9190 |TCD Destination Address (DMA_TCD12_DADDR) 32 R/W Undefined | 22.3.25/460
TCD Signed Destination Address Offset '

4000_9194 (DMA_TCD12_DOFF) 16 R/W Undefined | 22.3.26/460
TCD Current Minor Loop Link, Major Loop Count (Channel .

4000_9196 ) i \ing Enabled) (DMA_TCD12_CITER_ELINKYES) 16 RW | Undefined | 22.3.27/461

4000_9196 [DMA_TCD12_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather '

4000_9198 Address (DMA_TCD12_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_919C |TCD Control and Status (DMA_TCD12_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_919E |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD12_BITER_ELINKYES)
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Chapter 22 Enhanced Direct Memory Access (eDMA)

DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

TCD Beginning Minor Loop Link, Major Loop Count

4000_919E |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD12_BITER_ELINKNO)

4000_91A0 |TCD Source Address (DMA_TCD13_SADDR) 32 R/W Undefined |22.3.18/454

4000_91A4 |TCD Signed Source Address Offset (DMA_TCD13_SOFF) 16 R/W Undefined | 22.3.19/454

4000_91A6 |TCD Transfer Attributes (DMA_TCD13_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) '

4000_91A8 (DMA_TCD13_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and .

4000_91A8 | vitset Disabled) (DMA_TCD13_NBYTES_MLOFFNO) 82 | RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset .

4000_91A8 Enabled) (DMA_TCD13_NBYTES _MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_91AC | 'GP Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCD13_SLAST)
4000_91B0 |TCD Destination Address (DMA_TCD13_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD13_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD13_CITER_ELINKYES)

4000_91B6 |[DMA_TCD13_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_91B4 16 R/W Undefined | 22.3.26/460

4000_91B6 16 R/W Undefined |22.3.27/461

4000_91B8 Address (DMA_TCD13_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_91BC |TCD Control and Status (DMA_TCD13_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_91BE |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD13_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count

4000_91BE |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD13_BITER_ELINKNO)

4000_91C0 |TCD Source Address (DMA_TCD14_SADDR) 32 R/W Undefined |22.3.18/454

4000_91C4 |TCD Signed Source Address Offset (DMA_TCD14_SOFF) 16 R/W Undefined |22.3.19/454

4000_91C6 |TCD Transfer Attributes (DMA_TCD14_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) .

4000_91C8 (DMA_TCD14_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and '

4000_91C8 | ittt Disabled) (DMA_TCD14_NBYTES_MLOFFNO) 82 | RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_91C8 Enabled) (DMA_TCD14_NBYTES _MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_91CC | FCP Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCD14_SLAST)
4000_91D0 |TCD Destination Address (DMA_TCD14_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD14_DOFF)

4000_91D4 16 R/W Undefined | 22.3.26/460

Table continues on the next page...
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DMA memory map (continued)

Absolute ] ]
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4000_91D6 TCD Current Minor Loop Link, Major Loop Count (Channel 16 R/W Undefined | 22.3.27/461

Linking Enabled) (DMA_TCD14_CITER_ELINKYES)
4000_91D6 |DMA_TCD14_CITER_ELINKNO 16 R/W Undefined |22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_91D8 Address (DMA_TCD14_DLASTSGA) 32 R/W Undefined | 22.3.29/463

4000_91DC |TCD Control and Status (DMA_TCD14_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_91DE |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466
(DMA_TCD14_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count

4000_91DE |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD14_BITER_ELINKNO)

4000_91E0 |TCD Source Address (DMA_TCD15_SADDR) 32 R/W Undefined |22.3.18/454

4000_91E4 |TCD Signed Source Address Offset (DMA_TCD15_SOFF) 16 R/W Undefined |22.3.19/454

4000_91E6 |TCD Transfer Attributes (DMA_TCD15_ATTR) 16 R/W Undefined | 22.3.20/455
TCD Minor Byte Count (Minor Loop Disabled) .

4000_91ES8 (DMA_TCD15_NBYTES_MLNO) 32 R/W Undefined |22.3.21/456
TCD Signed Minor Loop Offset (Minor Loop Enabled and .

4000_91E8 | oot Disabled) (DMA_TCD15_NBYTES_MLOFFNO) 32 RW | Undefined | 22.3.22/457
TCD Signed Minor Loop Offset (Minor Loop and Offset '

4000_91E8 Enabled) (DMA_TCD15_NBYTES_MLOFFYES) 32 R/W Undefined |22.3.23/458

4000_91EC | 'GP Last Source Address Adjustment 32 RW | Undefined |22.3.24/459

(DMA_TCD15_SLAST)
4000_91F0 |TCD Destination Address (DMA_TCD15_DADDR) 32 R/W Undefined | 22.3.25/460

TCD Signed Destination Address Offset
(DMA_TCD15_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD15_CITER_ELINKYES)

4000_91F6 |DMA_TCD15_CITER_ELINKNO 16 R/W Undefined | 22.3.28/462
TCD Last Destination Address Adjustment/Scatter Gather

4000_91F4 16 R/W Undefined | 22.3.26/460

4000_91F6 16 R/W Undefined | 22.3.27/461

4000_91F8 Address (DMA_TCD15_DLASTSGA) 32 R/W Undefined |22.3.29/463

4000_91FC |TCD Control and Status (DMA_TCD15_CSR) 16 R/W Undefined | 22.3.30/464
TCD Beginning Minor Loop Link, Major Loop Count

4000_91FE |(Channel Linking Enabled) 16 R/W Undefined |22.3.31/466

(DMA_TCD15_BITER_ELINKYES)

TCD Beginning Minor Loop Link, Major Loop Count
4000_91FE |(Channel Linking Disabled) 16 R/W Undefined | 22.3.32/467
(DMA_TCD15_BITER_ELINKNO)

22.3.1 Control Register (DMA_CR)
The CR defines the basic operating configuration of the DMA.
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Chapter 22 Enhanced Direct Memory Access (eDMA)
Arbitration can be configured to use either a fixed-priority or a round-robin scheme. For
fixed-priority arbitration, the highest priority channel requesting service is selected to
execute. The channel priority registers assign the priorities; see the DCHPRIn registers.
For round-robin arbitration, the channel priorities are ignored and channels are cycled
through (from high to low channel number) without regard to priority.

NOTE
For correct operation, writes to the CR register must be
performed only when the DMA channels are inactive; that is,
when TCDn_CSR[ACTIVE] bits are cleared.

Minor loop offsets are address offset values added to the final source address
(TCDn_SADDR) or destination address (TCDn_DADDR) upon minor loop completion.
When minor loop offsets are enabled, the minor loop offset (MLOFF) is added to the
final source address (TCDn_SADDR), to the final destination address (TCDn_DADDR),
or to both prior to the addresses being written back into the TCD. If the major loop is
complete, the minor loop offset is ignored and the major loop address offsets
(TCDn_SLAST and TCDn_DLAST_SGA) are used to compute the next TCDn_SADDR
and TCDn_DADDR values.

When minor loop mapping is enabled (EMLM is 1), TCDn word2 is redefined. A portion
of TCDn word? is used to specify multiple fields: a source enable bit (SMLOE) to
specify the minor loop offset should be applied to the source address (TCDn_SADDR)
upon minor loop completion, a destination enable bit (DMLOE) to specify the minor loop
offset should be applied to the destination address (TCDn_DADDR) upon minor loop
completion, and the sign extended minor loop offset value (MLOFF). The same offset
value (MLOFF) is used for both source and destination minor loop offsets. When either
minor loop offset is enabled (SMLOE set or DMLOE set), the NBYTES field is reduced
to 10 bits. When both minor loop offsets are disabled (SMLOE cleared and DMLOE
cleared), the NBYTES field is a 30-bit vector.

When minor loop mapping is disabled (EMLM is 0), all 32 bits of TCDn word?2 are
assigned to the NBYTES field.

Address: 4000_8000h base + 0Oh offset = 4000_8000h

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

K22F Sub-Family Reference Manual , Rev. 3, 7/2014

Freescale Semiconductor, Inc. 427



Memory map/register definition

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 o ko)
[0] (0]

2 lom| 9 lwoe| 2 | S | 8 | g

= < o o [a) 2

W i} I & L w &g

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DMA_CR field descriptions
Field Description
31-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 Cancel Transfer
CX

0 Normal operation

1 Cancel the remaining data transfer. Stop the executing channel and force the minor loop to finish. The
cancel takes effect after the last write of the current read/write sequence. The CX bit clears itself after
the cancel has been honored. This cancel retires the channel normally as if the minor loop was
completed.

16 Error Cancel Transfer
ECX

0 Normal operation

1 Cancel the remaining data transfer in the same fashion as the CX bit. Stop the executing channel and
force the minor loop to finish. The cancel takes effect after the last write of the current read/write
sequence. The ECX bit clears itself after the cancel is honored. In addition to cancelling the transfer,
ECX treats the cancel as an error condition, thus updating the Error Status register (DMAx_ES) and
generating an optional error interrupt.

15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Enable Minor Loop Mapping
EMLM

0 Disabled. TCDn.word2 is defined as a 32-bit NBYTES field.

1 Enabled. TCDn.word?2 is redefined to include individual enable fields, an offset field, and the NBYTES
field. The individual enable fields allow the minor loop offset to be applied to the source address, the
destination address, or both. The NBYTES field is reduced when either offset is enabled.

6 Continuous Link Mode
CLM

0 A minor loop channel link made to itself goes through channel arbitration before being activated again.

1 A minor loop channel link made to itself does not go through channel arbitration before being activated
again. Upon minor loop completion, the channel activates again if that channel has a minor loop
channel link enabled and the link channel is itself. This effectively applies the minor loop offsets and
restarts the next minor loop.

5 Halt DMA Operations
HALT

0 Normal operation

1 Stall the start of any new channels. Executing channels are allowed to complete. Channel execution
resumes when this bit is cleared.

4 Halt On Error
HOE

0 Normal operation

1 Any error causes the HALT bit to set. Subsequently, all service requests are ignored until the HALT bit
is cleared.

Table continues on the next page...
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DMA_CR field descriptions (continued)

Field Description
3 This field is reserved.
Reserved
2 Enable Round Robin Channel Arbitration
ERCA

0 Fixed priority arbitration is used for channel selection .
1 Round robin arbitration is used for channel selection .

1 Enable Debug
EDBG

0 When in debug mode, the DMA continues to operate.
1 When in debug mode, the DMA stalls the start of a new channel. Executing channels are allowed to
complete. Channel execution resumes when the system exits debug mode or the EDBG bit is cleared.

0 This field is reserved.
Reserved

22.3.2 Error Status Register (DMA_ES)

The ES provides information concerning the last recorded channel error. Channel errors
can be caused by:

* A configuration error, that is:
* Anillegal setting in the transfer-control descriptor, or
 An illegal priority register setting in fixed-arbitration
* An error termination to a bus master read or write cycle

See the Error Reporting and Handling section for more details.

Address: 4000_8000h base + 4h offset = 4000_8004h

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

R| VLD 0 ECX

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| O CPE 0 ERRCHN SAE | SOE | DAE | DOE | NCE | SGE | SBE | DBE

DMA_ES field descriptions

Field Description

31 Logical OR of all ERR status bits
VLD

Table continues on the next page...
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DMA_ES field descriptions (continued)

Field Description
0 No ERR bits are set.
1 Atleast one ERR bit is set indicating a valid error exists that has not been cleared.

30-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 Transfer Canceled
ECX

0 No canceled transfers
1 The last recorded entry was a canceled transfer by the error cancel transfer input

15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 Channel Priority Error
CPE

0 No channel priority error
1 The last recorded error was a configuration error in the channel priorities . Channel priorities are not

unique.
13-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 Error Channel Number or Canceled Channel Number
ERRCHN
The channel number of the last recorded error, excluding CPE errors, or last recorded error canceled
transfer.
7 Source Address Error
SAE
0 No source address configuration error.
1 The last recorded error was a configuration error detected in the TCDn_SADDR field. TCDn_SADDR
is inconsistent with TCDn_ATTR[SSIZE].
6 Source Offset Error
SOE
0 No source offset configuration error
1 The last recorded error was a configuration error detected in the TCDn_SOFF field. TCDn_SOFF is
inconsistent with TCDn_ATTR[SSIZE].
5 Destination Address Error
DAE
0 No destination address configuration error
1 The last recorded error was a configuration error detected in the TCDn_DADDR field. TCDn_DADDR
is inconsistent with TCDn_ATTR[DSIZE].
4 Destination Offset Error
DOE
0 No destination offset configuration error
1 The last recorded error was a configuration error detected in the TCDn_DOFF field. TCDn_DOFF is
inconsistent with TCDn_ATTR[DSIZE].
3 NBYTES/CITER Configuration Error
NCE

0 No NBYTES/CITER configuration error

1 The last recorded error was a configuration error detected in the TCDn_NBYTES or TCDn_CITER
fields.
e TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE], or
¢ TCDn_CITERI[CITER] is equal to zero, or
e TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

Table continues on the next page...
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DMA_ES field descriptions (continued)

Field Description

2 Scatter/Gather Configuration Error

SGE
0 No scatter/gather configuration error

1 The last recorded error was a configuration error detected in the TCDn_DLASTSGA field. This field is
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG]
is enabled. TCDn_DLASTSGA is not on a 32 byte boundary.

1 Source Bus Error

SBE
0 No source bus error

1 The last recorded error was a bus error on a source read

0 Destination Bus Error

DBE
0 No destination bus error

1 The last recorded error was a bus error on a destination write

22.3.3 Enable Request Register (DMA_ERQ)

The ERQ register provides a bit map for the 16 channels to enable the request signal for
each channel. The state of any given channel enable is directly affected by writes to this
register; it is also affected by writes to the SERQ and CERQ registers. These registers are
provided so the request enable for a single channel can easily be modified without
needing to perform a read-modify-write sequence to the ERQ.

DMA request input signals and this enable request flag must be asserted before a
channel’s hardware service request is accepted. The state of the DMA enable request flag
does not affect a channel service request made explicitly through software or a linked

channel request.

Address: 4000_8000h base + Ch offset = 4000_800Ch

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 Yo} <t ™ [a\} ~— o
g g g g g g ERQ9 |ERQ8|ERQ7 |ERQ6 |ERQ5|ERQ4 | ERQ3|ERQ2 | ERQ1|ERQO
wl| W i w L w L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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DMA_ERAQ field descriptions

Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 Enable DMA Request 15
ERQ15

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

14 Enable DMA Request 14
ERQ14

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

13 Enable DMA Request 13
ERQ13

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

12 Enable DMA Request 12
ERQ12

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

11 Enable DMA Request 11
ERQ11

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

10 Enable DMA Request 10
ERQ10

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

9 Enable DMA Request 9
ERQ9

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

8 Enable DMA Request 8
ERQ8

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

7 Enable DMA Request 7
ERQ7

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

6 Enable DMA Request 6
ERQ6

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

5 Enable DMA Request 5
ERQ5

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

4 Enable DMA Request 4
ERQ4

Table continues on the next page...
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DMA_ERAQ field descriptions (continued)

Field Description
0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

3 Enable DMA Request 3
ERQ3

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

2 Enable DMA Request 2
ERQ2

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

1 Enable DMA Request 1
ERQ1

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

0 Enable DMA Request 0
ERQO

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

22.3.4 Enable Error Interrupt Register (DMA_EEI)

The EEI register provides a bit map for the 16 channels to enable the error interrupt
signal for each channel. The state of any given channel’s error interrupt enable is directly
affected by writes to this register; it is also affected by writes to the SEEI and CEEI.
These registers are provided so that the error interrupt enable for a single channel can
easily be modified without the need to perform a read-modify-write sequence to the EEI
register.

The DMA error indicator and the error interrupt enable flag must be asserted before an
error interrupt request for a given channel is asserted to the interrupt controller.

Address: 4000_8000h base + 14h offset = 4000_8014h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
2 N 2 & = 2
i m i m i m EEI9 | EEI8 | EEI7 | EEI6 | EEI5 | EEI4 | EEI3 | EEI2 | EEI1 | EEIO
wl w w w w w w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DMA_EEI field descriptions
Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 Enable Error Interrupt 15
EEI15
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
14 Enable Error Interrupt 14
EEI14
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
13 Enable Error Interrupt 13
EEI13
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
12 Enable Error Interrupt 12
EEI12
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
11 Enable Error Interrupt 11
EEI11
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
10 Enable Error Interrupt 10
EEI10
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
9 Enable Error Interrupt 9
EEI9
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
8 Enable Error Interrupt 8
EEI8
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
7 Enable Error Interrupt 7
EEI7
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request
6 Enable Error Interrupt 6
EEI6

Table continues on the next page...
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DMA_EEI field descriptions (continued)

Field Description
0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request

5 Enable Error Interrupt 5
EEI5
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

4 Enable Error Interrupt 4
EEI4
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

3 Enable Error Interrupt 3
EEI3
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

2 Enable Error Interrupt 2
EEI2
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

1 Enable Error Interrupt 1
EEI1
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

0 Enable Error Interrupt 0
EEIO
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

22.3.5 Clear Enable Error Interrupt Register (DMA_CEEI)

The CEEI provides a simple memory-mapped mechanism to clear a given bit in the EEI
to disable the error interrupt for a given channel. The data value on a register write causes
the corresponding bit in the EEI to be cleared. Setting the CAEE bit provides a global
clear function, forcing the EEI contents to be cleared, disabling all DMA request inputs.
If the NOP bit is set, the command is ignored. This allows you to write multiple-byte
registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 18h offset = 4000_8018h

Bit 7 6 5 4 3 2 1 0
Read

Write NOP CAEE 0 CEEI

Reset 0 0 0 0 0 0 0 0
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DMA_CEEI field descriptions

Field Description

7 No Op enable
NOP
0 Normal operation

1 No operation, ignore the other bits in this register

6 Clear All Enable Error Interrupts

0 Clear only the EEI bit specified in the CEEI field
1 Clear all bits in EEI

5-4 This field is reserved.
Reserved

30 Clear Enable Error Interrupt

CEEI

Clears the corresponding bit in EEI

22.3.6 Set Enable Error Interrupt Register (DMA_SEEI)

The SEEI provides a simple memory-mapped mechanism to set a given bit in the EEI to
enable the error interrupt for a given channel. The data value on a register write causes
the corresponding bit in the EEI to be set. Setting the SAEE bit provides a global set
function, forcing the entire EEI contents to be set. If the NOP bit is set, the command is
ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 19h offset = 4000_8019h

Bit 7 6 5 4 3 2 1 0
Read
Write NOP SAEE 0 SEEI
Reset 0 0 0 o | o 0 0 0
DMA_SEEI field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Sets All Enable Error Interrupts

SAEE
0 Set only the EEI bit specified in the SEEI field.

1 Sets all bits in EEI

54 This field is reserved.
Reserved

Table continues on the next page...
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DMA_SEEI field descriptions (continued)

Field Description
3-0 Set Enable Error Interrupt
SEEI

Sets the corresponding bit in EEI

22.3.7 Clear Enable Request Register (DMA_CERQ)

The CERQ provides a simple memory-mapped mechanism to clear a given bit in the
ERQ to disable the DMA request for a given channel. The data value on a register write
causes the corresponding bit in the ERQ to be cleared. Setting the CAER bit provides a
global clear function, forcing the entire contents of the ERQ to be cleared, disabling all
DMA request inputs. If NOP is set, the command is ignored. This allows you to write
multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Ah offset = 4000_801Ah

Bit 7 6 5 4 3 2 1 0
Read
Write NOP CAER 0 CERQ
Reset 0 0 0 o | o 0 0 0
DMA_CERAQ field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Enable Requests

CAER
0 Clear only the ERQ bit specified in the CERQ field

1 Clear all bits in ERQ

5-4 This field is reserved.
Reserved
3-0 Clear Enable Request
CERQ

Clears the corresponding bit in ERQ.
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22.3.8 Set Enable Request Register (DMA_SERQ)

The SERQ provides a simple memory-mapped mechanism to set a given bit in the ERQ
to enable the DMA request for a given channel. The data value on a register write causes
the corresponding bit in the ERQ to be set. Setting the SAER bit provides a global set
function, forcing the entire contents of ERQ to be set. If the NOP bit is set, the command
is ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 1Bh offset = 4000_801Bh

Bit 7 6 5 4 3 2 1 0
Read
Write NOP SAER 0 SERQ
Reset 0 0 0 o | o 0 0 0
DMA_SERAQ field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Set All Enable Requests
SAER

0 Set only the ERQ bit specified in the SERQ field
1 Setall bits in ERQ

5-4 This field is reserved.
Reserved
3-0 Set Enable Request
SERQ

Sets the corresponding bit in ERQ.
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22.3.9 Clear DONE Status Bit Register (DMA_CDNE)

The CDNE provides a simple memory-mapped mechanism to clear the DONE bit in the
TCD of the given channel. The data value on a register write causes the DONE bit in the
corresponding transfer control descriptor to be cleared. Setting the CADN bit provides a

global clear function, forcing all DONE bits to be cleared. If the NOP bit is set, the
command is ignored. This allows you to write multiple-byte registers as a 32-bit word.

Reads of this register return all zeroes.

Address: 4000_8000h base + 1Ch offset = 4000_801Ch

Bit
Read

Write NOP CADN 0
Reset 0 0 0 o | o
DMA_CDNE field descriptions
Field Description
7 No Op enable
NOP
0 Normal operation
1 No operation, ignore the other bits in this register
6 Clears All DONE Bits
CADN
0 Clears only the TCDn_CSR[DONE] bit specified in the CDNE field
1 Clears all bits in TCDn_CSR[DONE]
5-4 This field is reserved.
Reserved
3-0 Clear DONE Bit
CDNE
Clears the corresponding bit in TCDn_CSR[DONE]
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22.3.10 Set START Bit Register (DMA_SSRT)

The SSRT provides a simple memory-mapped mechanism to set the START bit in the
TCD of the given channel. The data value on a register write causes the START bit in the
corresponding transfer control descriptor to be set. Setting the SAST bit provides a global
set function, forcing all START bits to be set. If the NOP bit is set, the command is
ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 1Dh offset = 4000_801Dh

Bit 7 6 5 4 3 1 0
Read
Write NOP SAST 0 SSRT
Reset 0 0 0 o | o 0 0
DMA_SSRT field descriptions
Field Description
7 No Op enable
NOP
0 Normal operation
1 No operation, ignore the other bits in this register
6 Set All START Bits (activates all channels)
SAST
0 Set only the TCDn_CSR[START] bit specified in the SSRT field
1 Set all bits in TCDn_CSR[START]
5-4 This field is reserved.
Reserved
3-0 Set START Bit
SSRT
Sets the corresponding bit in TCDn_CSR[START]
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22.3.11 Clear Error Register (DMA_CERR)

The CERR provides a simple memory-mapped mechanism to clear a given bit in the ERR
to disable the error condition flag for a given channel. The given value on a register write
causes the corresponding bit in the ERR to be cleared. Setting the CAEI bit provides a
global clear function, forcing the ERR contents to be cleared, clearing all channel error
indicators. If the NOP bit is set, the command is ignored. This allows you to write
multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Eh offset = 4000_801Eh

Bit 7 6 5 4 3 2 1 0
Read
Write NOP CAEI 0 CERR
Reset 0 0 0 o | o 0 0 0
DMA_CERR field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Error Indicators
CAEI
0 Clear only the ERR bit specified in the CERR field

1 Clear all bits in ERR

5-4 This field is reserved.
Reserved
3-0 Clear Error Indicator
CERR

Clears the corresponding bit in ERR
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22.3.12 Clear Interrupt Request Register (DMA_CINT)

The CINT provides a simple, memory-mapped mechanism to clear a given bit in the INT
to disable the interrupt request for a given channel. The given value on a register write
causes the corresponding bit in the INT to be cleared. Setting the CAIR bit provides a
global clear function, forcing the entire contents of the INT to be cleared, disabling all
DMA interrupt requests. If the NOP bit is set, the command is ignored. This allows you
to write multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Fh offset = 4000_801Fh

Bit 7 6 5 4 3 2 1 0
Read
Write NOP CAIR 0 CINT
Reset 0 0 0 o | o 0 0 0
DMA_CINT field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Interrupt Requests

CAIR
0 Clear only the INT bit specified in the CINT field

1 Clear all bits in INT

5-4 This field is reserved.
Reserved

3-0 Clear Interrupt Request

CINT

Clears the corresponding bit in INT
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22.3.13 Interrupt Request Register (DMA_INT)

The INT register provides a bit map for the 16 channels signaling the presence of an
interrupt request for each channel. Depending on the appropriate bit setting in the
transfer-control descriptors, the eDMA engine generates an interrupt on data transfer
completion. The outputs of this register are directly routed to the interrupt controller
(INTC). During the interrupt-service routine associated with any given channel, it is the
software’s responsibility to clear the appropriate bit, negating the interrupt request.
Typically, a write to the CINT register in the interrupt service routine is used for this

purpose.
The state of any given channel’s interrupt request is directly affected by writes to this
register; it is also affected by writes to the CINT register. On writes to INT, a 1 in any bit
position clears the corresponding channel’s interrupt request. A zero in any bit position
has no affect on the corresponding channel’s current interrupt status. The CINT register is
provided so the interrupt request for a single channel can easily be cleared without the
need to perform a read-modify-write sequence to the INT register.

Address: 4000_8000h base + 24h offset = 4000_8024h

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
- I - - e - Y - - - e
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