K40 Sub-Family Reference Manual

Supports: MK40DN512VLL10

Document Number: K40P100M100SF2V2RM
Rev. 2 Jun 2012

@

o.".""'
L\ 0K 4

M2
Energy®

Efficient Solutions
optimized for low power

M

<&,

Preliminary : - freescale

General Business Information



K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Preliminary Freescale Semiconductor, Inc.
General Business Information



h o
g |

L ______________________________________________________________________4
Contents
Section number Title Page
Chapter 1
About This Document
Lol OVEIVIBW ..ttt ettt ettt ettt ettt et et e b bt ea e a bt e beea e bt sa e st be e 55
1.1.1 PUIPOSE. ..ttt ettt e s at e et s et e bt e st e e s ab e e bt bt e bt e e bt e st e e bt e st e e naeeenres 55
1.1.2 F N 16§ 153 1 Lol OSSR 55
1.2 COMVENLIONS. ...ttt ettt s et e h et ettt ettt s bbb sa e bt b e e bt eb e e st e bt eat et e et e s estesaesae b e 55
1.2.1 INUMDEIINE SYSEEIMIS. ...eeutteeitieiiteiteeite ettt e et et eb e st e bt e st e e sabeebte s bt esbeeeabeeeabeenbeeenbeessbeenbbeenseesabeanseesaseenns 55
1.2.2 TYPOZIAPNIC MOALION. ...ttt ettt ettt et e b e be et e et e s bt e bt emte e st e saeenbeemeesaeenbeeneeeseenneeneeenes 56
1.2.3 SPECIAL TETIIIS ...ttt ettt st b et s bt e b e et s bt s bt et sbte bt emtesbeenbeentesbeenbeenaesaeen 56
Chapter 2
Introduction
2.1 OVEIVIBW.c.uiiiiiieieiee ettt st b ettt ettt ekttt e h et e a bt bt ea e bt bbb e st 57
2.2 Module FUNCHONAL Cal@ZOTIES. ....veeeieririeriieeiieeitt ettt ette st e sttt e st e e bt e sabeesate e bt e eabeesb bt ebteeabeessbeenbeesateesabeenbeesabeenseesanes 57
2.2.1 ARM CorteX-M4 Core MOUIES. ........oiuiiiiieieiieitieie et ettt ettt st sae e et e e nae s 58
222 SYSTEIM MOAUIES. ...ttt ettt ettt st b et sbt e be et sat et et bt e aeebtesbeeaesaeen 59
223 Memories and MemoOry INEETTACES. ......ueiuiiiiiiiiie ettt et ettt e st esare e 60
2.2.4 CLOCKS ettt ettt etttk a e b ettt et e h e bt e a e bt e et e bt e et e bt e a b e bt en b e eh e et e ene et e ene e bt eneenaeeneas 60
2.2.5 Security and INteGrity MOAUIES........cceiruiiriiriiitirit ettt ettt ettt saees 61
2.2.6 ANALOZ MOAUIES.....eeitiiiiiieeiiie ittt et et e b e e ettt s bt e st e e sabeeeabeesabeessbe e bbeebaesabeeenbeenates 61
2.2.7 TIMET MOAUIES. ...ttt ettt b ettt st e ea e e bt et e e aeesaeesae e bt emeeeaeeeseenbeenseeneeeneenseans 62
2.2.8 CommUNICAION INEEITACES. ....c.viiuiiiiiiiiiieiieiieiei ettt s et san 63
229 Human-machine interfaces............occooiiiiiiiiiiiiiiiiiiii e 64
2.3 Orderable PArt MUIMIDELS. ......c..eiuieiiiteeieettete ettt ettt ettt ee bt et e bt e st e bt es e e ebeemtesseeneeeaeemtesseenbeeseenseeseenbeeseenseeneenseeneeneeenes 64
Chapter 3
Chip Configuration
T8 O £33 (o 16 11 (<5 10 | OO OO RPRSRPRRRRPR 65

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc. Preliminary 3
General Business Information




b -

g |

Section number Title Page
3.2 C0re MOUIES. .....oviiiiiiiiiii ettt 65
321 ARM CorteX-M4 Core CONFIGUIATION. ....c.teuietieiertieieetieteetierte ettt et et etesteeetesbe e e steenbeeseeneeeseenseeneesaeeneas 65
322 Nested Vectored Interrupt Controller (NVIC) Configuration.........c..ceceeveeiereeniereenieneenienieieseeneeeeeneeenns 67
323 Asynchronous Wake-up Interrupt Controller (AWIC) Configuration...........c.eeveerieerieenieinieeniieenieereeeene 73
324 JTAG Controller CONTIGUIATION. ......ceuiiiiieietieee ettt ettt ettt te st et e eateste e bt enteeseesbeenteeneesseenbeenseeneenseans 75
3.3 SYSLEIMN INOAUIES. ..cutiiieiiiieeiterit ettt ettt et sb ettt sb e e bt et e bt e s bt et e bt e sb e e bt eat e sb e bt eat e ebe e ae et ebeesbee et eaee 75
3.3.1 STIM CONTIGUIATION. ..cuttteutieiitteeite ettt ettt ettt ettt et e st e sttt eabe e e bt e sabeesabeeaeeeabbesabeesabeessbeenbaeenseesabeesabeenneean 75
332 System Mode Controller (SMC) CONfigUIAtion..........cc.eeruerieruirieieeiierieeieste ettt e e st e e seee e seeeeeeieens 76
333 PMC CONTIGUIALION. .....cuiiiieiiiiiteieiite ettt ettt b et et b ettt et e st e sb e et e e bt esbe et e saeeaeenee 77
334 Low-Leakage Wake-up Unit (LLWU) Configuration............cocveerierriiiniieniieiiieeiee et e e 77
335 IMOCM CONTIGUIALION. ...ttt ettt ettt st sttt et ettt et sa bt bt et e et e saeebesaesbeeat et enneneennen 79
33.6 Crossbar SWItch CONTIGUIATION. ....c.eiiiiiiriiiiiiiecete ettt ettt ettt ettt e e 80
3.3.7 Memory Protection Unit (MPU) Configuration.............coceeeuerriieiieeniienieeiieeie ettt st 82
338 Peripheral Bridge ConfigUuration.............cooieiiriiriieii ettt ettt ettt ettt et et e e e naeeneesaeeneeenes 85
339 DMA request multipleXer CONTIGUIAtION. .....c...couiriiriiiriiiieriieieeit ettt ettt 86
3.3.10  DMA Controller CONfiGUIALION. ........eeitiiiiieriieeiteette ettt ettt ettt et e et e e siteebeeesiteesbbeesaseesaseasaneenes 89
3.3.11  External Watchdog Monitor (EWM) Configuration............cceceevereruieeninineneninieneseeerese e seenes 90
3.3.12  WatchdOog COonfIUIALION. ......ccueitiriiiiiiiientiiitereete ettt ettt ettt ettt st s bt et s bt e b e et sbe e besanenaeens 91
3.4 ClOCK MOAUIES........ooiiiiiiiiiiiiie et s a e st 92
34.1 MOCG CONTIZUIALION. ...ttt ettt sttt ettt ettt ettt st be s et sae bt sae e bt et eaeeas et e s et et enaenaenaennen 92
342 OSC CONTIGUIALION. ...ttt ettt ettt et ebt e bt e bt et e at et tesb e e bt et e eabesbbesbeenbeenteeneeeaee 93
343 RTC OSC CONTIGUIALION. .....tteiieeitieiiieeiteeitt ettt ettt ettt et ettt et e bt e st e e s st e sateesbtesabe e beesabeebeesabeensaesasean 94
3.5  Memories and MEMOTY INEETTACES. .....c.cevruiriririrtirtertertetetet ettt ettt ettt sttt sttt e et et e e et eae e st ebeebeebe s b saeenesbenaens 94
35.1 Flash Memory ConfigUIation..........c..covuieiireeriiriineeie ittt sttt sttt ettt ettt sbt e b et sbe e beeanenbeens 94
352 Flash Memory Controller CONfigUIation...........cccueiiiieriiiniieiiieiiieeiee sttt ettt sbeeesaee e 97
353 SRAM CONFIGUIALION. ...c.euteiiiiieiieiietetetet ettt ettt ettt sa et b b st et ae st besae st e b s aesa e besaesaene e 98
354 SRAM Controller ConfigUIation..........cccueetiriirieriereeieeie ettt ettt sttt sae ettt esbeeeaesbaenaees 101

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Preliminary Freescale Semiconductor, Inc.
General Business Information



PR 4

Section number Title Page
355 System Register File CONfigUIAtiOn. ........c.uiiiiiiiiiiieiieeiiecie ettt ettt st e s esaee s 102
35.6 VBAT Register File CONfIgUIation. ..........cc.eeuiiieiiieietieieeiiet ettt ettt ettt sae e e e e 102
3.5.7 EZPOrt CONTIGUIATION. .....eiutiiiiiiiiiiiite ettt ettt st b ettt s bt e sb e e bt et eaaesbeesbeebeens 103

B0 SECUTILY . cutteeutieeitte ettt ettt ettt ettt ettt et e et e e bt e bt e e ab e sab e e bt e ea bt e eabeesa bt e st e eabeesab e e e hb e e a b e e e a bt e ea bt e ehb e e bt e ea bt e eab e e ehbe e heeeabeesabeenanean 104
3.6.1 CRC CONTIZUIALION. ..ottt ettt ettt ettt ettt et e et e et e bt e bt emteesee bt e beemteesee st enbeemtesaeesaeenbeeneesaeenaeeneeenes 104

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc. Preliminary 5
General Business Information



h o
g |

|
Section number Title Page
T A N 1 -1 0T~ SO OO OO OO PSSO U PSP OPRORTPOP 105
3.7.1 16-bit SAR ADC with PGA COnfiguration...........cc.ceiieruieiieienieiiesieesiee sttt 105

3.7.2 CIMP CONTIGUIALION. .....ettiiieiiiiiteie ittt ettt ettt et e bttt ea e bt et e bt et e bt e sb e et e et e e bt et e sbeenaeenee 113

373 12-bit DAC CONTIGUIALION. ....c.utiiiiiiiieeiie ettt ettt ettt e et e sbe e st e e sabeesateesbteesseesabeeenseesares 115

374 VREF CONTIZUIATION. ..ottt ettt ettt sttt et e e ae et e s et e bt ente e st e abeenteemeeebeenbeeneesaeeeeenes 116

B8 THIMIEIS .ttt st b e st b e e h e b e a e h b a b et a ettt ettt e et sa et b e 117
3.8.1 PDB CONTIUIATION. ...cutiiiiiieiiieiiteet ettt ettt ettt e b bt ettt e bt e e bt e s bt e e bt e sabeeeabeesabeeenbeesabeeenbeenanes 117

3.8.2 FlexXTimer CONTiIGUIAION. ......ccuiiiiitieitieie ettt ettt et e et e e e bt e s bt e bt e aesaeesaeesbeenaeenteeaeeeneesseeteans 120

383 PIT CONFIGUIALION. ....vtiniiiiiiiiiiitiete ettt ettt ettt et et sbeesaeeae et e sbeenaeeneeeae 124

3.8.4 Low-power timer CONFIGUIALION. ........cevtiiriiiiiiiiieeite ettt ettt et et e s bt e st e e sabeesabeebeesabeesnsee e 125

3.8.5 CIMT CONTIGUIATION. ¢..cutettente ettt ettt ettt et et eet et e e et eteeseenbe e st e bt eseeabeemeeabeemseeseenteeseanseeneanseeneeseeneenseeneas 127

3.8.6 RTC CONTIGUIATION. 1.ttt ettt ettt ettt b bttt sb e s bt e bt et et e sbtesbeenaeenaeeaee 128

3.9  CommuniCation INEEITACES........c.ccuiiiiiiiiiiiiiiii e 129
3.9.1 Universal Serial Bus (USB) FS SUDSYSIEML.......ooiiiiiiiiiietieie ettt 129

39.2 CAN CONTIGUIALION. .....etteiieiiiritete ettt ettt et et be et ea s e bt e st e e bt e bt ebtesb e et e ebt e bt entesbeenaeenee 134

393 SPI CONTIGUIATION. ...ttt ettt sttt s bt e st e bt e e st e e bt e eabteeabeesabeesabeesabeenaeeenabeenseean 136

394 T2C CONFIUIALION. c..c.itetietiieittett ettt ettt et ettt be bttt sbe bbbt et esee s e s enaenenaens 140

395 UART CONTIGUIATION. ¢ttt sttt ettt et ettt et e b e b et e bt ea e sbbesbe e bt embesatesbeenbeeaeenaeeaee 140

3.9.6 SDHC CONTIGUIATION. ....tteittietieeiie ettt sttt ettt ettt e st e et esbbe e bt esbteeabeesbtesabeesatesabeessbesaseebaesaseasaenas 143

3.9.7 I2S CONTIGUIALION. ...ttt ettt ettt bbb e bttt et et ae et eae b b 145

3.10  Human-machine INTEITACES. .......cc.couiriiiiiiiiiiiiiiiieieeece et sttt st 147
3.10.1 GPIO CONTIGUIATION. .....tieiieeiiie ittt ettt ettt e sb e e bt e sttt e sbte e st e e s abe e bt e sabeesabeenbeesabeenaeesases 147

3.10.2 TSI CONTIGUIATION. 1.ttt ettt ettt et et et e et et e eteeaeesaee bt e st eseeesee st eneesaeeeneenteeneeeneeseenteensenseanseans 148

3.10.3  Segment LCD ConfigUration..........c.cceveeiiriiniinieeiieieeiteeitete ettt sttt et sttt ettt sbeesbeebeesteebtesbeeseens 150

Chapter 4
Memory Map
4.1 INEEOAUCHION. ....cuiiiiiiieice ettt sttt et ettt et et et ea e st eb e e bt b e eae et 153
4.2 SYSLEIM IMEIMOTY TP+ eeeuttetteeuteetterteesttesteesttesseessaeeseesseesastesseesaseessseasseesssessseenssesnseesssessseessseeseesssesnstessseesseessessseesns 153
4.2.1 Aliased DIt-Dand TEZIOMNS. ... .eeuiiuiiitietieie ettt ettt sttt et ettt e st et et e es e eseesbe e bt enbeeneesaeesseenseenaeenes 154
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
6 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
4.3 Flash MEMOTY IMAP....ccuiiiiiiiiiiitete ettt ettt sttt st et s bt e st e e bt e s ab e e s st e sabeesabeenbtesabeesabesabeesabeestesabeenabesnseees 155

43.1 Alternate Non-Volatile IRC User Trim DesCription. ........cccueeeeruieriirienieieeiesieerie ettt 156
4.4 SRAM MEMOTY INAP....cuttiuterttenieritentteteetterteeatesttesteeateste e bt aatesbeesteebtesbeeateabeebeeatessaen bt esteabeentesbsenbeesbesbtenbeeanesbeenbessnenseens 156
4.5  Peripheral bridge (AIPS-LiteO and AIPS-Lite1) MEMOTY MAPS....cc..eirtirrieriieniieaiiieniiesteeieesreesieeenbeeeieesieeesiresneenes 156
45.1 Peripheral Bridge O (AIPS-Lite 0) MemOry Map.......cc.coiieriiiiiiieiienieeie ettt 157
452 Peripheral Bridge 1 (AIPS-Lite 1) Memory Map.......cccccoeeriiriiiiiniiniiieeieeteeiteiteeee et e 160
4.6 Private Peripheral Bus (PPB) MEMOTY MAP......cccuiiiiiiiiiiiiiiieiieeie ettt ettt et ettt e sate st e sabeebee e 164
Chapter 5
Clock Distribution
S.1 0 INErOQUCTION. ...ttt e 165
5.2 Programming MOGEL.......cc.oouiiuiiiiiieeeeie ettt ettt ettt et et e et e et e bt e et e bt e st e bt e st e bt e st e bt en e e bt enteebeenteeaeenee 165
5.3  High-Level device clocKing diagraml........c.cooiiieriiiiniinieiienie ettt ettt ettt ettt ettt et sbe e s e e 165
54 CloCK defINITIONS. ...cuiiuiiiiiiiiiiiiiiiiiii e e s s s 166
54.1 Device ClOCK SUMIMIATY ....couiiiiiiieit ittt ettt ettt ettt et e e s et e e e e bt e bt entesb e et e eseeebeeneeeneenaeenes 167
5.5  Internal ClOCKING FEQUITEIMEIIES. ...c..eeuviiutiriiiiieiieiteett ettt ettt ettt sh et e bt et e bt e s bt et e st ebbeeba e s bt e bt esaesbtesbeenbeenaeeaee 169
5.5.1 Clock divider values after TESEL..........ccouiiiiiiiiiiiiiiciicc e 169
552 VLPR MOAE CLOCKING. ..ottt ettt et e bt e st e st e bt e st e ebeeneeeneenaeenes 170
5.0 CLOCK GALINZ...c.veiniiiiiiitiett ettt ettt ettt et ettt et s a e a et sb et e st s bt e bt e at e sb e et she e e bt emt e eatesbeent e sbtenaeentesbee bt entesbeenaeeaee 171
ST MOUIE CIOCKS. ..o e e 171
5.7.1 PMC 1-KHZ LPO CLOCK. ...ttt sttt sttt st 173
5.7.2 WDOG CLOCKINE. ..ttt ettt ettt sb et e e et s bt sbeesbe e et esteebeesbtesbeenbeens 173
573 DEDUGZ ITACE CLOCK ...ttt ettt et sttt s bt e bt e s it e e bt e sabe e beesabeenbeesabeeseesaeean 173
5.7.4 PORT digital filter CLOCKING. ....c..ieiiitieiieiiett ettt ettt s b et es et e st e e b et e eaeenaeenes 174
5.7.5 LPTMR CLOCKINE. ...ttt ettt ettt ettt sb et st be s b et eb b e bt et e b e et e sbeene 174
5.7.6 USB FS OTG CoNtroller CIOCKING. ...ccuvtitiiiiieiiieiieeitt ettt ettt sttt ettt st et sba e e e e saes 175
5.7.7 FIEXC AN CLOCKIINEZ. ..ttt ettt ettt ettt e bt e bt et e s et e s bt e sbeemeeeateeseesaeenbeeneeeneesseenteans 175
5.7.8 UART CLOCKIINEZ. ...ttt ettt ettt et et ettt sb et e bt e s bt et eatesbeeaeeaeesaee et eaee 176
579 SDHC CLOCKING. ...ttt et 176
5700 I2S/SAT CLOCKINE. c. vttt ettt ettt b et b bbbt b et b et b et b et 177
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 7

General Business Information



h o
g |

|
Section number Title Page
STAT TSLCIOCKING. ...ttt ettt 177
Chapter 6
Reset and Boot
6.1 INTrOQUCTION. ..ottt a e e a e e 179
(TN 2 U SO USRS 180
6.2.1 POWET-0N TESEL (POR)......eiiiiiiiiieeie ettt ettt e et e e ettt e e e eatae e etsaeeetseeeeaseeeeaseeeeaseeaas 180
6.2.2 SYSTEIMN TESEL SOUTCES. c..veeruveenerterireeiteantteasttesteeeteesateessseesateessseesseeassseansaeasteeabeesaseesateesaseenaseesaseensseensseenseean 180
6.2.3 IMCU RESCES. ...ttt ettt ettt et ettt et e at e et e bt ea e eh e e et em e ea e e s e et e embees e et e emteesee b e enbeenseebeenseenseaneanseans 184
6.2.4 RESEE PIIN .ttt sttt 186
6.2.5 DIEDUZ TESELS. ..eeuvtteutieeiite ittt ettt ettt ettt e s a et e b e e et e s ab e e bt e sab e e s st e e bt e e abeeeabe e baeeabeesab e e bt e enbeesabeenaeeeates 186
(O30 I = T o SO OSSOSO 187
6.3.1 B OOt SOUITES. .....uiiiieiieiietet ettt b et st s a e b bt b sae b saeebesbesaenn 187
6.3.2 BOOT OPTIOMNS. ...ttt ettt ettt et e e it e s et e e bt e s bt e e st e e na b e e bt e e bt e eabeeeat e e bt e ebeeeates 188
6.3.3 FOPT DOOE OPTIOMS. ...t tttentieiteeteeetiet ettt et et et et e et e bt enteesee bt enteeseeebeem bt emseeseenseemseeseenbeenseeseenseenseeneenseans 188
6.3.4 BOOt SEQUEIICE. ....euteeiieitete ettt ettt e b et b e s bt e b e et e bbbttt et bt bt ettt sbe e it et eaee 189
Chapter 7
Power Management
Tl INEEOAUCHION. c..eiiiiiiiciitieie ettt ettt ettt e ae et a et eae st b e ea e b e besaeebe b saeeae b e 191
T2 POWET INOAES. ..ottt s b bbb e 191
7.3 Entering and eXiting POWET MOUES. .......c.ertirriririirieieiietetetenteee st ettt ettt tesaestesbesbeeasestessesestesbesaeebeesteseennesennenee 193
T4 POWETr MOAE trANSILIONS. c..c.vetiiiiiietiietetet ettt ettt et et et eae b aeeae b e b sa et ebesae b ebesaeeae b e 194
7.5  Power modes ShULAOWN SEQUENCINE. .....cccuvtiuitiitieeiieiiieette st e et e sttt e sttt ettt esbtesabeesbeeesseesabeesabeessbeessteesbbeeaeesabeeeseesases 195
7.6 Module Operation in LOW POWET MOGES........cccoiriiriiniiiiiiieieieieteteee sttt st 195
TT CLOCK GALINZ. ..ttt ettt et ettt et sa e a et s b et e st s bt e bt e ht e sb e et ebe e e bt et e eatesbeentesbtenaeemtesbee bt estesbeenaeenee 198
Chapter 8
Security
Bl INIFOQUCTION. c..eiiiiiieiicii ettt ettt et et ettt et e a et e be e b e bt bt eb e b e s b eae b saeeae e 199
8.2 FLASI SECUITLY....eeiiiiitieiee ettt ettt ettt ettt et e et e s bt e e ab e e sab e e ab e e bt e e st e e abeeeabteeabeeenbeesabeesnbeesteensbeenseean 199
8.3 Security Interactions With Other MOAUIES...........ccooiiriiiiiiiei ettt et ae e 200
8.3.1 Security Interactions With EZPOIT.........cocooiiiiiiiiiiiii ettt 200
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
8 Preliminary Freescale Semiconductor, Inc.

General Business Information



b -

P

L ______________________________________________________________________4
Section number Title Page
8.3.2 Security Interactions With DEDUGZ.........coiuiiiiiiiiiiiiiei ettt et n 200
Chapter 9
Debug

0.1 INErOAUCTION. ...ttt s a e b e b b e s ea e st 201
9.1.1 RETEIEIICES. ...ttt ettt ettt et a e e b et e at e e bt et e e s e et e emteese e bt et e esee bt eneeeaeebeenes 203

0.2 ThE DEDUZ POTt......iiiiiiiiiieitete ettt ettt et ettt e a e sb et e b et e et eb e et e st e sbe et e ebtesbe e e e sbee et enee 203
9.2.1 JTAG-t0-SWD Change SEQUENCE. .........ceuteriieriieritieeieeeite et ettt ettt ettt et eebeesbeesabeesbeesbeesabeesaseesnbeesareenns 204

9.2.2 JTAG-t0-CITAG Change SEQUEIICE. ..........ccuiiiiiiiiiiiiiieii ettt s 204

9.3 Debug Port Pin DESCIIPIONS. ....c.veeutetieiiitieiterieete sttt ettt sttt sbt ettt sbe s bt e s bt e st e s bt esbesb e et ebeentesbeeaeeaee 205
9.4 SySLEIMN TAP CONMMECION. ¢...eiiutiiiieiiteiite ettt ettt et e st eab e e st b e et e e b et sabeesttesab e e satesabeesbbeeabeebeesabe e bbesabeessbesabeenbaesnbeenseean 205
9.4.1 TR €Sttt ettt b et bt b et b ettt b et bbbttt b et be e 205

9.5  JTAG Status and CONIIOL TEZISTETS. ...c.ueeuviruiirtieiiriienie ettt ettt ettt ettt sh et sat e s bt et ebtesbeesbesbeenatemtesbee bt eseesbeeneeenee 206
9.5.1 MDM-AP CONIOL REGISTET......veeutieiiiiiiieeitiesite ettt ettt ettt ettt e st e et e sabe e s st e sabeesabeebeesabeessaesaseenas 207

9.5.2 MDM-AP Stattis REZISTET .....cueeuiiuiiiieiiiiiertiiese sttt ettt ettt sttt ettt et sae e nes 209

0.0 DEDUZ RESELS. .. ittt ettt ettt et e at e e bt e bt e et eb e bt et e bbbt bt et ea e s bt bttt e bbbt e bttt ebeenbe e et eaee 210
0.7 AHB-AP ..ottt 211
0.8 ITIMLc ettt bbbt b e e bt h e b e bt h e bt bt et h e bt s e bt b et b e bt b et b et b et ene 212
0.9 COre TTaCe CONMECIIVILY ...ccuverutiiietieitenteeteettert ettt et ettt et e bt e bt e et e bt e s bt eateeb e e bt eateebeebeeateebe et e eatenbeentesbee bt entesbeenaeenee 212
9.10 Embedded Trace MacroCell V3.5 (ETIM)....cccooooiiiiiee ettt ettt e e e e e e e eetaaeeeeeeeeannaaeeas 213
9.11 Coresight Embedded Trace Buffer (ETB).......ccc.oooiiiiiiiiiieieee ettt sttt e 214
9.11.1 Performance Profiling with the ETB.........cocooiiiiiiiiiiiee e e 214

9.11.2  ETB Counter CONLIOL.....c.oooiiiiiiiiiiiiiiiiiiie et s 215

012 TPIU ittt bbb b e b et bbb bbb b s bbbt bbbt bbbt b et b et b et b et 215
013 DIWT ettt ettt et h et a et bt s h et e h e et h et bttt h e h e h et h et e h et bt et 215
.14 DebUug i LOW POWET MOAES.....c...eiiiiiiiiiiiieeiie ettt ettt ettt e sbt e sb e e bt s bt e st e sabeesabeesabeeateenbaeenbeesates 216
9.14.1 Debug Module State in LOW POWET MOAES........cccoiriiriririiiieicieicieteictesteeese sttt 217

0.15  DEDUEZ & SECUIILY.....euiiiiiiiieiiieiteeit ettt ettt ettt et b et a e e b e b e e bt eateebt e s bt e bt esbesbeesbeenaeeatesbeenbeenaeeaee 217

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 9

General Business Information



h o
g |

|
Section number Title Page
Chapter 10
Signal Multiplexing and Signal Descriptions

LO.1 INEEOQUCTION. c..coeiiiiiiiitietici ettt ettt ettt et a et e aeea e bt e bt ea e b e e b sa e b e b saeene b e 219
10.2  Signal MultipleXing INTEETAtION. ....cc.eiiuiiiriieiiieitieite ettt ettt et e e bt e bt e st e e sbbeebeesateessbeenbeesabeenanesases 219
10.2.1 Port control and interrupt MOdUle FEATUIES. ......cc.eeiuiiiiieiiei ettt 220

10.2.2  PCRN reset ValUEs fOr POt A......ooiiiiiriiiiiiiiieeiteieet ettt ettt sttt ettt ettt ettt einesaaenbees 220

10.2.3 CIOCK ZALINE ...t eetteetie ettt ettt ettt bttt e s it e s ab e et e bt e sab e e sat e e st e aa bt e eabeesabeesbbeeabeesabeesabeenbneenseesases 220

10.2.4  Signal MultipleXing CONSIIAINTS. .....ccueetirtieieitierteeterteete et et ettt et e esee bt esteste e teesee et eneesaeensesseesseeneesaeeseeneas 220

TO.3  PIIOUL. .ttt ettt b ettt b et b e s ettt b et be e st h et b ettt h et h et a et b et 221
10.3.1 K40 Signal Multiplexing and Pin ASSIZNMENTS. ...c...eeriiiriiriiieiiierieeite ettt sttt eiee st e e e siaeesieesaees 221

10.3.2 KD PINOULS. ....eeiiieteeie ettt ettt e h ettt et et e e bt et e e st e bt en b e e st et e emeeeaee e e eaeenseeneesaeenbeeneesaeenseeneas 225

10.4  Module Signal Description TabIEs.......c..coouiriiriiiiiiiiiiieeietet ettt sttt ettt sttt et ebee e ene 226
10.4.1 €OTE MOAUIES. ... st st st st 227

10.4.2  SYSEIM MOUIES. ....cueitieiiieiietee ettt ettt ettt e ettt e e e bt e ae e s et e bt emeesb e e et emeesbeebesneesbeenseenean 227

10.4.3  CIOCK MOGUIES......cueiiiiiiiiiitietieiecte ettt ettt sa e e 228

10.4.4  Memories and Memory INLEITACES. ......c.c.eeviiiriiiiiiiie ettt ettt et e s b s 228

TOAS  ANAIOZ ettt ettt et bttt b ettt b a et be st et benae e ne e 229

10.4.6  TIMEr MOGUIES. ..ottt ettt s st st st s 231

10.4.7  Communication INTErfaCes..........cccuiviiiiiiiiiiiiiiiii e 232

10.4.8 Human-Machine Interfaces (HMI)..........coooiiiiiiiiii e et 236

Chapter 11
Port control and interrupts (PORT)

IO O 01 (0T 1117 510 )3 OO SPOPR SRR 239
L1.2 OVEIVIBW .ttt ettt ettt ettt ettt et et e b et e atea e bt e bt ea e bt e b sa e b e e b saeen e b e 239
L1201 FRALULES ..ottt et 239

11.2.2 MOA@S OF OPETALION. ... .cetieutieiiieiieetiettete ettt et ettt e st e st e e bt eate et e shteste e bt eneeea e e bt e st enbeenseeseenbeenbeensesnsenneas 240

11.3  EXternal SIZNal deSCIIPIION. ...c..titirtiiiieitiieeit ettt sttt ettt ettt et sb et s b e bt s bt e s bt e bt e sbeeebesbeeabesbe et e ebeenaeeaee 241
11.4  Detailed SiZNal ESCIIPLION. .....tiitieriiteitieeieetie ettt sttt ettt e et e e bt e s bt esate st e e btesabe e baeeabeebtesabeesstesabeesssesabeenbbeenseenseenn 241

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
10 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
11.5 Memory map and re@iSter efINItION. . ....ccuetiiiiriieriierit ettt ettt et s bt e stte st e e s st e sabeesbbeebeessteeabeesaeesares 241

11.5.1 Pin Control Register n (PORTX_PCRA)......ccuoiiiiiiieieiet et 247
11.5.2 Global Pin Control Low Register (PORTX_GPCLR)......c..coceriiriiiiiiniinienieieeieetesteseee e 250
11.5.3 Global Pin Control High Register (PORTX_GPCHR)........ccccooiiiiiiiiiiiiiiiiieeec e 250
11.5.4  Interrupt Status Flag Register (PORTX_ISFR).....c.cooiiiiiiii e 251
11.6  FUNCHONAL AESCIIPIION. ..c.ueiitiiiiiteitieteett ettt ettt et et ea e bttt sb et eb e e bt e bt e s bt e st e sbeeabesbeenbesbe et e ebeeaeenee 251
11.6.1 PIN CONEIOL....oiiiiiiiiii et s st 251
11.6.2  GIODAL PIN CONEIOL. ...ttt ettt ee ettt et ea e st e bt ea e est e et e e bt en b e emseeseeebeenbeenbesneesneas 252
11.6.3  EXTEINAl INTETTUPES...cvteteiiieriieteeiteettet ettt ettt ettt ettt b et b e et eht e e bt et eb e e sbe et e sbee bt eseesbeenbeestesbeenaesaeen 252
Chapter 12
System Integration Module (SIM)
12,1 INEEOQUCTION. c..ceeiiiiiiiciiiici ettt ettt ettt et et et eb et aeea e b e bt eb e eb e e b sa e b e b saeene b e 255
L2101 FRALULES....eiiiiiiiii et 255
12.2 Memory map and re@ister defINItION. ........c.iiuieriiiieie ettt ettt ettt s bt e sbe s bt e b e ebe et e e st et e eseenbeeneeeeeenes 256
12.2.1 System Options Register 1 (SIM_SOPTL)...cc.coiiiiiiiiiiiieiiertenteeeeeteee ettt 257
12.2.2  SOPTI Configuration Register (SIM_SOPTICEFG)......ccccoootiiiiiiiiiiiiiiieiiteeeeete ettt 259
12.2.3  System Options Register 2 (SIIM_SOPT2)......coouiiiiiiiie ettt ettt seeesaeas 260
12.2.4  System Options Register 4 (SIIM_SOPTA)......coouiiiiiiiiiiieeteeet ettt ettt 262
12.2.5 System Options Register 5 (SIIM_SOPTS)....ccuuiiiiiiiiiieeeee ettt st n 265
12.2.6  System Options Register 7 (SIIM_SOPT7)...c..eeiuiiiiieie ettt 266
12.2.7  System Device Identification Register (SIM_SDID).........cccceviiririiinieiiiniiiinieieetente ettt 268
12.2.8 System Clock Gating Control Register 1 (SIM_SCGCT)....cccuiiiiiriiiiiiiieiiieriieeiee ettt 270
12.2.9  System Clock Gating Control Register 2 (SIM_SCGC2).......cccocerirerinininininienestinenestese e 271
12.2.10  System Clock Gating Control Register 3 (SIM_SCGEC3).....cc.cociriiririinieienienieeie st 272
12.2.11  System Clock Gating Control Register 4 (SIM_SCGCA)....cc.uiriiiiiiiiieeiieiieete ettt 273
12.2.12  System Clock Gating Control Register 5 (SIM_SCGCS).....cc.eeiiriiiieiiniee ettt 276
12.2.13  System Clock Gating Control Register 6 (SIM_SCGCO)........cccerieruiriinieriinienieiieneeneeee et 278
12.2.14  System Clock Gating Control Register 7 (SIM_SCGCT)...cccuueriuiiriiiieeiieiitenieetee ettt 280
12.2.15 System Clock Divider Register 1 (SIM_CLKDIV1)....c.coiiiiiiiiiiiieieeeeceeeee e 281
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 1

General Business Information



h o
g |

|
Section number Title Page
12.2.16  System Clock Divider Register 2 (SIM_CLKDIV2).....c.coiiiiiiiiiiiiiit ettt sttt 283
12.2.17  Flash Configuration Register 1 (SIM_FCFG1)......cccoiiiiiiieieieeeee et 284
12.2.18  Flash Configuration Register 2 (SIM_FCFG2)......c..ccociiiiiiiiiiiiieiieiitie ettt 286
12.2.19  Unique Identification Register High (SIM_UIDH)........ccccoiiiiiiiiiiiiieiiieeeeieeeesee et 287
12.2.20  Unique Identification Register Mid-High (SIM_UIDMH).........cccceiiiiiiniiiiieeee e 288
12.2.21  Unique Identification Register Mid Low (SIM_UIDML).......cccccoctriiiiiiimiiniinienieneencetceieeteeieeeiee e 288
12.2.22  Unique Identification Register LOwW (SIM_UIDL)......ccccoviiiiiiiiiiiiiiieieereeeeite ettt 289
12.3 FUNCHONA] AESCIIPIION. c..cueutitiuieiiiiieititt ettt ettt ettt ettt b e bt s st b e sttt et ese st e st eaeebe e bt sbeeaeebesaeseennen 289
Chapter 13
Reset Control Module (RCM)
LG 20 B 01 (0T 1817 510 )3 OSSPSR P USROS 291
13.2 Reset memory map and regiSter AESCIIPLIONS. ...c..cerutitirtirtiiriieieete ettt ettt ettt ettt et e et et st e st enbeenee e 291
13.2.1 System Reset Status Register 0 (RCM_SRS0)....cccuuiiiiiiiiiieiieee et 291
13.2.2  System Reset Status Register 1 (RCM_SRST)...cc.coiiiiiiiiiniiiiiiiiccctee et 293
13.2.3 Reset Pin Filter Control register (RCM_RPFC)........cccooiiiiiiiiiiiiiiiieeeeeeeeseee e 294
13.24 Reset Pin Filter Width register (RCM_RPEW).......ccoiiiiiiiii et 295
13.2.5 Mode Register (RCM_IMR).......ooiiiiiiiiieiee ettt ettt et sttt et et esae et enteeseesneenbeans 297
Chapter 14
System Mode Controller
L O Vi (0T 1817 510 )3 OO SRS PRRSRRPRRST 299
14.2 MOAES O OPETALION. .. ..eutiuiieiiieiieiieteeit ettt ettt ettt b et e b e bt et e st sb e e bt e atesbeenbeembesbtesbe e bt eseenaee bt eatesbeeneeenee 299
14.3  Memory map and re@iSter AESCIIPIIOMS. ...eeutirutieriteeteeiieerite et ettt et e st e st e et e st e ebeesabeesabesabeesabeesstesabeesabeenbeesaseanaeesases 301
14.3.1 Power Mode Protection register (SMC_PMPROT)........cooiiiiiiiiiieeeeeeee e 302
14.3.2 Power Mode Control register (SMC_PMOCTRL).......cccooiiriiiiiniiiiiieneeeeteeitee et 303
14.3.3  VLLS Control register (SMC_VLLSCTRL).......ccoccecuririiiiirieiiieineeeeeetee ettt 304
14.3.4 Power Mode Status register (SMC_PMSTAT)......coiiiiiieiieiies ettt s 305
144 FUNCHONAL AESCIIPLION. c..c.ueiutiiiiitietteteett ettt ettt sttt sttt b et b e eb e e bt et eb et ebee bt s bt e s bt eate s bt eabesbeeabesbe et e ebeenneenee 306
14.4.1 Power mOode tranSItioNS. .........coiiiiiiiiiiiiiiicc e e 306
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
12 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
1442 Power mode entry/eXit SEQUEINCIIZ. ...c.ueeruitirireeriieeiieeiteetteettesbeeebeesabeesbeesabeesabeesaseessbeenseeessseesbeeensnesnseeas 309

14.4.3 RUN MIOAES. ...ttt bttt ettt e s bt e et e bt e s abe e bt e sateesbeenateen 311

[4.4:4 WA INOUES.....oouiiiiiiiiiiiiiietie ettt s b e et b et ettt et a e s bbbt et 313

14.4.5 SEOP TNOAES. ...ttt ettt ettt e at e st e e st e e bt e e bt e eab e e bt e eabeesa bt eseeeabeesabeenbeesabeeenbeenbeeenbeenneean 314

14.4.6  Debug in I0OW POWET MOAES.......ccueiitiiitietieie ettt ettt ettt e et e st e st e e bt e bt eaeesatessee bt e st enteenseensesseeaneas 317

Chapter 15
Power Management Controller

LS B 01 0T 1817 510 )3 OSSPSR PR SRR 319
I5.2 FRALUIES. ....uiiiiiiiiiee ettt a bbbttt s a b st et a et b e sa et sa et s a e 319
15.3  Low-voltage detect (VD) SYSIEIMI....ccuuiiiuiiiiiieiieiiieitte ettt ettt sttt ettt et e bt e s bt e bt e sabeessbesabeesbbeenbeenseeenbeesaeesases 319
15.3.1 LV T@S@E OPCTALION. ...ueeuteutieutieieetienteetiet et e et eent e et e bt enteese e bt eate et e e bt eneeeseenbeemeeaseeneessee st eneesaeensesneesaeensesnean 320

15.3.2  LVD INtEITUPE OPETALION. .....eeutiritintieitetieiteeieeite ettt et ste ettt es e sbe et e bt eab et e e bt ebeesteebeentesbtesaeestesbeemsesbeennesaeens 320

15.3.3  Low-voltage warning (LVW) interrupt OPEration...........occueerueerriieiniieenieeniieeiieesireeniieesieesiaeesieeesireesanee s 320

L 1O I <1311 (o) OO ORI 321
15.5 Memory map and re@ister deSCIIPLIONS. ....c.eiuiritertirierieeterit ettt ettt ettt et sbe et ettt ee b e s bt et e ebte bt eatesbeebeebeenaeenee 321
15.5.1 Low Voltage Detect Status And Control 1 register (PMC_LVDSC)...ccociiiiiiiiiiiniiiiiieeieesieecieeeeeee 322

15.5.2  Low Voltage Detect Status And Control 2 register (PMC_LVDSC2)......ccceeiiiiiiiiiiienienieneeeeeeeeeeen 323

15.5.3  Regulator Status And Control register (PMC_REGSC)....cc.cooceiiiiiiniiiiiiiiienieieceeteeeesteeee e 324

Chapter 16
Low-Leakage Wakeup Unit (LLWU)

L60.1  INEFOQUCHION. ...ttt ettt ettt ettt e b et et ea e b e bt eb e b e e b sa e b e b saeene b e 327
LO.1.1 FRALULES ..ottt e 327

16.1.2  MOA@S OF OPETALION. ... .ceuieutieiiieiieetietiete et ettt e bt e bt e ate st e st e e ste e et et e saeesae e bt eaeeesteese e bt enteenseeseenbeenseensesnseanean 328

16.1.3  BIOCK QIAZIAML..cuuiiiiiiiiiiiiiiiiiiee ettt ettt bbbt nb e et s bt e beeaesbeesbeenaesaeen 329

16.2  LLWU SINAL AESCTIPIIOMNS. c...eeuteeuiiteiieeitie it ettt ettt et e st et e e e s bt e et e esute e stesabeesabeeateeabbeesbeesabeesaseenbeesnbaesabeensseanseenases 330
16.3  Memory map/Te@iSter AEINItION. .......ocuiiuiiitieii ettt ettt et sb et eet e e bt e bt e beeaeesbeebeemeeseeenbeeneeeneenseeneeenes 331
16.3.1 LLWU Pin Enable 1 register (LLWU_PEL).c..cccccoiiiiiiiiiiiiiitieeteeeeese ettt 332

16.3.2 LLWU Pin Enable 2 register (LLWU_PE2).......cociiiiiiiiiiiiee ettt 333

16.3.3 LLWU Pin Enable 3 register (LLWU_PE3).....cc.cooiiiiiiiiieeeee et 334

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 13

General Business Information



h o
g |

|
Section number Title Page
16.34 LLWU Pin Enable 4 register (LLWU_PE4).......cooiiiiiiiieee ettt 335

16.3.5 LLWU Module Enable register (LLWU_ME)........ccociiiiiiiiieiieieeet ettt 336

16.3.6  LLWU Flag I register (LLWU _F1)...coiiiiiiiiiiieiieeee ettt ettt st 338

16.3.7  LLWU Flag 2 register (LLWU_F2).......c.ccooiiiiiiiiiiiieeeieeeeeee e 339

16.3.8  LLWU Flag 3 register (LLWU_F3)...c..oooie ettt ettt st snen 341

16.3.9 LLWU Pin Filter 1 register (LLWU_FILT L) ..cccuiiiiiiiiiiiiiiiiieieeetesee ettt 343
16.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)......cc.cciiiiiiiiiiieieeeeeeeeeeece e 344
16.3.11 LLWU Reset Enable register (LLWU_RST)......coiiiiiiiiieieee et 345

164 FUNCHONAL AESCIIPLION. ..c.ueiutiiieititieteett ettt ettt sttt ettt et ettt eb e bt e st sb e et eh e e bt e bt e s bt ebs e s bt eabesbeeabeebe et e ebeeneeenee 346
L6.4. 1 LLS IMOME.....ceiiiiiiiiiiiiiieietieteee sttt et ettt 346

160.4.2 VLS MOGES. ..ttt ettt ettt ettt et e e et e bt em b e eseeea e en bt emtees e e bt enbeeateeseeabeenseenseeneenbeensesnnenneas 346

16.4.3  INIHAIIZAION. c.c.eiiuiiiiiiiiieii ettt ettt bbb et eb et a e sa e e 347

Chapter 17
Miscellaneous Control Module (MCM)

I7.1 INEEOQUCTION. c..c.eiiiiiiiiitieiiit ettt ettt ettt e a et ea e bt e bt ea e eb e e b sa e b b sueene b e 349
L7101 FRALULES ...ttt et s 349

17.2 Memory map/TeZiSter AESCIIPLIONS. ......evirtirtirtirtirteeteeit ettt st et sttt ettt ettt e sttt ebeeaeeae et et et e st esbesaeebeeseeseeaneneenenne 349
17.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)....cccooiiiiiniiiiiiiniicieicneeeeeeeeeee e 350

17.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMO).....ccccccoiiiiriiiiniiiniieeieeeeeee e 351

17.2.3 Control Register (IMCM_CR)......ooiiiiiieiettetee ettt ettt et ettt e b et et e see et e sbeeaeeneeenes 351

17.2.4  Interrupt Status Register (MCM_ISR)...c..cooiiiiiiiiiiiiiieeeet et 353

17.2.5 ETB Counter Control register (MCM_ETBCC)......ccooiiiiiiiiiiieeiie ettt ettt st 354

17.2.6  ETB Reload register (MCM_ETBRL).....cc.coiiiiiiiiieieeeeee ettt st 355

17.2.7 ETB Counter Value register (MCM_ETBOCNT)......cooctiiiiiiiiiiiniiieiteneee sttt 355

17.2.8 Process ID register (IMCM_PID).......coouiiiiiiiiieeiieete ettt ettt ettt et sab e e e 356

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
14 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
17.3  FUNCHONAL AESCTIPIION. ...cutiiitietieiiitetie ettt ettt st ettt e sb e et e bt e s bt e bt e sab e e bbesabe e bt e eabe e beeeabeesatesabeessbeeabeesbbeenseenseean 356
17.3.1 TIERITUPES. ...ttt ettt ettt ettt s e et et e et e eb e eab e s et e eb e e bt eae e ea e e bt e a e e eae e bt enbeeneenae e bt eneeeaeeaeenes 356
Chapter 18
Crossbar Switch (AXBS)

LT B Vi (0T 1817 510 )3 OSSPSR 359
I8.1.1  FRALUIES.....eiiiiiiie ittt st e b ettt et ettt ettt se e 359

18.2 Memory Map / Register Definition. .......ccoueiiiiiriiiiiieiieeieecie ettt ettt sttt sb e st e e sbeesabeebeesaneeabes 360
18.2.1 Priority Registers Slave (AXBS_PRS).....coouiiiiieee e e 361
18.2.2 Control Register (AXBS_CRSM)..c..coiiiiiiiiiie ettt st 364
18.2.3  Master General Purpose Control Register (AXBS_MGPCR).......ccociiriiiriiiiiiiiieeieeieeeeeee e 366

18.3  FUNCHONAL DIESCIIPIION. 1...eeetiutieiietieiteetiet ettt ettt ettt e s bt e teste e bt es e e bt eaeeabeeaaeea e e bt ese e beemseebeenseeseanbeenseebeanteeseenbeeneenseenes 366
18.3.1 GENEIAL OPCIATION. c..cetitientieitett ettt ettt e a ettt eb e bt e st e bt e bt e st e eb e e bt e st e eb e e bt eateebee bt estesaeenaeeaee 366
18.3.2  REEISIET CONETEICY .....eiutiiiuiieeiiieiiieeite st ee ettt et e et ettt et e sttt e s ateeabeesabe e st e eabeeeabeesateesbeenbeesabeeseesabeesaseenseean 368
I RSTC TG N o3 L 15 1o 1 DU OSSO RURRSRRPRO 368

18.4  Initialization/appliCation INFOITATION. ....cc..eetirtiitiiicriteritertt ettt ettt ettt ettt ettt et satesbeesbeeaesaeesbeenbeeneeeaee 371

Chapter 19
Memory Protection Unit (MPU)

19,1 INEEOQUCHION. c..c.eiiiiiiiitieiicic ettt ettt ettt ettt e b e et e bt e b e e bt ea e b e e b sa e b e b saeene b e 373

LO.2 OVEIVIBW...uiiiiiiiiici ettt a s e a e a e h e ea e bbb s 373
19.2.1 BIOCK QIAZIAIML ... vttt ettt ettt et ettt ettt ettt et et na e e b e st et nenaenn 373
LO.2.2 FRALUIES......oiiiiiiiticiieieee ettt s et b e e bbbt et ettt ettt a e e se e 374

19.3  Memory map/TeZiSter AETINTION. .......uiiitiiiiiiiiieiie ettt ettt ettt st e st esab e e bt e e bt e s bt e sabeesabeesateenbaeenseesases 375
19.3.1 Control/Error Status Register (MPU_CESR).......cc.ooiuiiiiiiiiie et 379
19.3.2 Error Address Register, slave port n (MPU_EAR)...c...ccoioiiiiiiiiiiiiicietceceeeeeeeeeese e 380
19.3.3  Error Detail Register, slave port n (MPU_EDR).....c.c.cooiiiiiiiiiiiiecit et 381
19.34 Region Descriptor n, Word 0 (MPU_RGD#7_WORDO).......cccoiiiiiiiieiieiieseeieee et 382
19.3.5 Region Descriptor n, Word 1 (MPU_RGD7Z_WORDI)....cc.cooiiiiiiiiiiiiiiiieieieeieeeeeseeseeeee e 382
19.3.6  Region Descriptor n, Word 2 (MPU_RGD7_WORD2).....c.c.coiiiiiiiiiiiiiiiieeiee ettt 383
19.3.7 Region Descriptor n, Word 3 (MPU_RGD7_WORD3).......coiiiiiiiiiiiiieieeeeeeee e e 386

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 15

General Business Information



h o
g |

|
Section number Title Page
19.3.8  Region Descriptor Alternate Access Control n (MPU_RGDAACH).........covueeiiiiiiiienitieeeee e 387

19.4  FUNCtIONAl dESCIIPLION. c..c..eutiiiiuieiiiiieiteitettete sttt ettt ettt et b e bbbt b e a et e bt e e ese et estebeebe e bt sbeebeebesaeseennen 389
19.4.1 AcCCesS EVAlUALION MACTO. ......cuiiiieieieietetetet ettt ettt ettt ettt eb e bbb s b sae b sbesaeebeebesaan 389

19.4.2  Putting it all together and error terMINALIONS. ......c.c.etirtierriieiiieetie et eiee et e eite et e eieeesbteebeeesbeesbeeebaeeaeeas 390

19.4.3 POWET MANAZEMENL........ociiiiiiiiiiii e e e e e e 391

19.5  Initialization INFOrMATION. .....coiiiiiiiiiiiiiitii et sttt 391
19.6  ApPlICAtioN INFOTIALION. ....eutiitieiiieiit ettt ettt ettt b e e et e e b e e bt e bt e sabeesabeeabeesabeesatesabeesaseenbeesabeansnesases 391

Chapter 20
Peripheral Bridge (AIPS-Lite)

20,1 INErOAUCTION. c....viiiiiiiiiiiii ettt a e b e s a et 395
20.1.1 FRALTUTES. ...ttt et e bt e b e e et e s ab e e eabe e b e e et e e sat e e sabe e bt e s beeearee e 395

20.1.2  GENETAL OPETALION. ... .eetiiutiriiiiieiteeiieete ettt ettt ettt sttt et sht et eatesbe e bt eatesbe e bt satesbeenbesbeesbeenaesaeenbeenaesaeen 396

20.2  Memory map/TeZiSter AfINTION. ....cc..iiiiiiiiieiiieeieerte ettt ettt e et e et e e s et e e bt e e bt e sabeesabeesate e baeebeesanes 396
20.2.1  Master Privilege Register A (AIPSX_MPRA)......ccooimiiiiiiiiiiteecese et 398

20.2.2  Peripheral Access Control Register (AIPSX_PACR).....c.ccoceiviiiiiiiiiiiiieccceeee e 401

20.2.3 Peripheral Access Control Register (AIPSX_PACRN)......c.coviiiniiiiiiiteeeeeeeeeee e 406

20.3  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt ettt et e e it e bt es e bt eat e et e emee et e emeees e e bt eaeenbeemeesbeemseebeensenseenseeneenseeseeneenee 411
20.3.1 AACCESS SUPPOTT. ..ttt ettt et ettt ebtesb e et eat e e bt e bt et e ea bt eat e e bt e bt eab e eetesb e e bt em bt eatesbtesbeenbeemtesatesbeenaeenaeeaee 411

Chapter 21
Direct Memory Access Multiplexer (DMAMUX)

211 INEPOQUCTION. ..ttt ettt ettt et ettt et e a bt e bt e b e e bt eaeeb e b e saeea e b e sueeae s 413
21.1.1 OVEIVIBW. ...ttt st st b bbb sa e sb e b st b e b et e b sa e b e enesaa 413

2112 FRALUIES. ¢ttt ettt ettt ettt ettt e et e s a e e bt e bt e e at e s at e e bt e bt e e ab e e eb et e bt e e bt eab e e eh bt e bt e e bt e sabeeenbeebee s 414

21.1.3  MOA@S OF OPETALION. ... .ceutiniieiiiiiiieitett ettt ettt ettt ettt et e b e s bt s bt et e st ebteeb e et et e ebbesbtesbeebeennesbaenaees 414

21.2  EXternal SIZNAl deSCIIPIION. .e.utirtieitteiteettette ettt ettt et et b e et e e bt e st e e satesabeesatesabe e bbeeabeebeesabeebeesabeesssesabeenbaesnseenseean 415
21.3  Memory map/re@iSter AEINItION. ......ceouieiiitieite ettt ettt e et b e bt e b e e et e sbeenbeeneessee bt eneesneeseeeneeenee 415
21.3.1 Channel Configuration register (DMAMUX_CHCFEFG)........cccccovuiriiiiiniiiienieneeneeeeeeeeeee e 416

214 FUNCHONAL AESCTIPIION. ...eeuutiiitieiieeiteiite ettt ettt et et eab e e st e e e bt e bt e eabe et tesabeesateeabeesbteeabeebeeeabeesstesabeesssesaseensaesnseenseean 417
21.4.1 DMA channels with periodic triggering Capability..........cccoeieririieririerieeierieee sttt enees 417

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
16 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
21.4.2  DMA channels with no triggering Capability.........cocceerieriiiiiiiiiiiiiie et 419

21.4.3 "Always enabled"” DIMA SOUICES........cccccueriiriririniieieetetete sttt sttt ettt sttt sttt ste s b sae bt et enneeennes 419

21.5 Initialization/appliCation INFOITATION. .....c..eetirteitieieetertterte ettt ettt ettt ettt et eb e s bt e be et st e bt enaeeneeeaee 420
2151 RESBLc ittt bttt 421

21.5.2  Enabling and CONTIZUIINZ SOUICES. ......cevuteiirtietieieeteeteeiteeteerteeeesteeteeaeesteentesseenteeneeseeebeeneesseenaesneesseesesneas 421

Chapter 22
Direct Memory Access Controller (eDMA)

B2 B Vi (0T 1111 510 )3 TSR SRR R RRPR 425
22.1.1 BIOCK QIAZIAIMN. ¢..centciiiiiiiiiteteee ettt ettt et ettt b e bttt et sb e ettt e et e 425

22. 1.2 BIOCK PATTS...eiutieiiieeitieitteet ettt ettt ettt ettt e st e bt e bt e et e s bt e e ab e e sab e e e ab e e bt e e bt e e bt e et e e ea bt e st e e nateesabeebee s 426

22.1.3 FRALTUTES. ...ttt et e bt e b e st e sab e e e bt e e bt e et e e sab e e sbb e e bt e ebeeearee e 427

22.2 MOAES OF OPETALION. .. ..eetitiiuiieiteiiet ettt ettt ettt ettt h et et b e e bt eabe s bt e bt eatesb e e s bt eatesbtesb e et e satesae e bt eseesbeenaeenee 429
22.3  Memory map/TeZiSter AfINTION. ....c...iiiiiiiiiiiieit ettt ettt st e st e sttt e s bt e ettt s beesabeesabeesate e baeeseesans 429
22.3.1 Control Register (DIMA_CR)... .ottt ettt ettt e bt e st e sb e et e eseesbeeneeeaeenaeenes 440

22.3.2 Error Status Register (DIMA _ES)....c..ioiiiiiiiieieetie ettt ettt st ete e 442

22.3.3  Enable Request Register (DMA_ERQ )..oouiiiiiiiiiiiiiieieet ettt sttt st st n 444

22.3.4  Enable Error Interrupt Register (DMA_EEI )....coouiiiiiiiieieeeeee ettt 446

22.3.5  Clear Enable Error Interrupt Register (DMA_CEEID)......c..coociiiiiiiiiiiieieicnteseetee et 449

22.3.6  Set Enable Error Interrupt Register (DMA_SEEI).......ccccooiiiiiiiiiiiiiieieeeeeeee ettt 450

22.3.7 Clear Enable Request Register (DMA_CERQ).......ooouiiuiiiiiiiieiieieiieieee ettt 451

22.3.8 Set Enable Request Register (DMA_SERQ)...c..ccoiiiiiiiiiiiiiiiiieeeee ettt 452

22.3.9 Clear DONE Status Bit Register (DMA_CDNE)........coiiiiiiiiiieieeiie ettt 453
22.3.10  Set START Bit Register (DIMA_SSRT)......coueimiieiiriiieiinieieiietetee ettt 454
22.3.11 Clear Error Register (DMA_CERR).......ccciiiiiiiiiiiiiitte ettt st 455
22.3.12  Clear Interrupt Request Register (DMA _CINT)......coiiiiiiiieiiiieieeeeeee ettt st 456
22.3.13 Interrupt Request Register (DMA _ TINT )..oouiiiiiiiiee ettt 457
22.3.14  Error Register (DMA_ ERR )...ooiiiiiiiiiiiiie ettt s 459
22.3.15 Hardware Request Status Register (DMA_ HRS )...oooiiiiiiiiiiiiiee et 462
22.3.16  Channel n Priority Register (DMA_DCHPRIZ)........ccoiiiiiiiiiiieeee e 464

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 17

General Business Information



h o
g |

|
Section number Title Page
22.3.17 TCD Source Address (DMA_TCDn_SADDR).......ccccccoiiiiiiniiniieieeeeeteeeee et 465
22.3.18 TCD Signed Source Address Offset (DMA_TCDn_SOFF).......ccciiiiiiiiiiiieieeeee e 465
22.3.19 TCD Transfer Attributes (DMA_TCDA_ATTR).....ccouiiiiiieeeeie et 466
22.3.20 TCD Minor Byte Count (Minor Loop Disabled) (DMA_TCDn_NBYTES_MLNO)......ccccccocecirinninnennn 467
22.3.21 TCD Signed Minor Loop Offset (Minor Loop Enabled and Offset Disabled)
(DMA_TCDn_NBYTES_MLOFENO).....c.cciiiiiiiiiietnieteiteeesieste ettt 467
22.3.22 TCD Signed Minor Loop Offset (Minor Loop and Offset Enabled)
(DMA_TCDn_NBYTES_MLOFEFYES)....ccu ittt ettt 468
22.3.23 TCD Last Source Address Adjustment (DMA_TCDn_SLAST).....ccccccoeiiiinininiiiineeeeeee 470
22.3.24 TCD Destination Address (DMA_TCDn_DADDR).........cccociiiiinieiiinieineeeeeeeeeeee e 470
22.3.25 TCD Signed Destination Address Offset (DMA_TCDn_DOFF)......cccccooiiiiiiiiieieeiieeeeeeeee e 471
22.3.26  TCD Current Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_CITER_ELINKYES)....coiiiiiiiiiiiniieceeeeeeeee ettt 471
22.3.27 TCD Current Minor Loop Link, Major Loop Count (Channel Linking Disabled)
(DMA_TCDn_CITER_ELINKNO).....cotrieiiirieieinieietrteeiestee ettt sttt s 472
22.3.28 TCD Last Destination Address Adjustment/Scatter Gather Address (DMA_TCDn_DLASTSGA).......... 473
22.3.29 TCD Control and Status (DMA_TCDA_CSR).......ooiiioieieeeeeee e 474
22.3.30 TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking Enabled)
(DMA_TCDn_BITER_ELINKYES).......cciiiiiiiiiiiiieceeeeeeeee e 476
22.3.31 TCD Beginning Minor Loop Link, Major Loop Count (Channel Linking Disabled)
(DMA_TCD#n_BITER_ELINKNO).....cotttiiitimiiiiinieieitnteeesieeeitsesei sttt s 477
224 FUNCHONAL AESCTIPLION. ...eeuutiiiiieriieetterite ettt et ettt et eab e e st e e e bt e b et et e e sbtesabeesabeeabeesbteaabeebeeeabeesstesabeessbeenbeensaeenseenseean 478
22.4.1 EDMA DASIC dAA TIOW ...ttt ettt ettt ettt ee e es e e bt e bt enbe et e et e ebe e aeeneeenes 478
22.4.2  Error reporting and handling.........c..cocuoiiiiiiiiiiiiiii ettt 481
22.4.3 CRannEl PIEEIMPLION. . ...eeiutiiitieeiie ettt ettt ettt ettt e st e bt e bt e e bt e sabeesabeeasbeeabeesabeesabeessteenbaeenseesases 483
22,44  PeITOIMIANCE. .. ccuviiuieiiietieie ettt ettt et ettt e ettt e e et e et e st e et e e bt em b e emteeb e et e enbeesee bt enbeenteeneenbeenbeenaeanean 483
22.5 Initialization/application INFOTTATION. ....c..eerttiriiiiiiiirtee ettt ettt ettt st e be et st esbeesae e e eaee 488
22.5.1 eDMA INIHAIZATION. .....oviiiiiiiiiiiiiic et 488
22.5.2  PrOZQIAMIMING EITOTS..c.utoueitietieiteuteitentetertestestestteteesteueeasesseatessesessesteeseeueeueessessensensesensesteebesueeseeneeneensensensenne 490
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
18 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
22.5.3  Arbitration mode CONSIAEIALIONS.......cc.couiiuiiiiiiiiiiiiiii e 490

22.54  Performing DMA transfers (€XamPpPles)........ccccreruerierienieiiieieeeiieteie ettt sttt sttt ettt ebe e s saenes 491

22.5.5  Monitoring transfer deSCIIPLOr STALUS. ......co.terteriirieiierieete ettt ettt ettt ettt ebae b esbeebesaaesaees 495

22.5.6  Channel LINKING.......ccoouieiiiiiiiiieeie ettt ettt et e bt e st e e bt e sab e e bt e et e e sbbeeabeesabeebeesabeesbeeenbeenseeas 496

22.5.7  DynamicC PrOZIAMITING.......ccueetirtertietiriieuteutententetetetensessestesteeueeseeseessessessensensensesseebesseeseeueeseessensensensensensenne 498

Chapter 23
External Watchdog Monitor (EWM)

B T B Vi (0T 1117 510 ) 3 OO OO 503
230101 FRALUIES....uiiiiiiiii ettt e et ettt a e e 503

23.1.2  MOAES Of OPETALION. ....eeiutiieiieiiieeiteette et ee ettt eit e et e st e st e e sat e e sabeesat e e sabeesbbeesabeebeeesabeenbeeensbeebeeesbesnbeean 504

220 20 TG TR 23 (o Ted Q@ B T s 11 1 OSSPSR 505

23.2  EWM Si@Nal DESCIIPLIONS. ...c.utitiiniieiiietiertteteete ettt ettt ettt ettt sb et ee e st e e bt et e eatesbeesbeebeeaeesbeesbeenaeebeesbeenbeenaeenee 506
23.3  Memory Map/RegiSter DEfINItION. . ...ccouieruiiiiieiieeieerieei ettt ettt ettt et e ettt e st e e bt e sabeebeesateebeesaeeenses 506
23.3.1 Control Register (EWM_CTRL)....cc.ooiuiiiiiiiiit ettt ettt et be et e 506

23.3.2 Service Register (EWM_SERV ). ..co.iiiiiiiiiiie ettt st s 507

23.3.3 Compare Low Register (EWM_CMPL).....cc.oooiiiiiiiiieieee ettt e 507

23.3.4  Compare High Register (EWM_CMPH).......cc.ooiiiiiiiiieiieeeeeee e 508

23.3.5 Clock Prescaler Register (EWM_CLKPRESCALER).......ccccootiiiiiiiiiieicieeesteieeeee e 509

234 FUNCHONAL DESCIIPION. ..uttiiuitiiieitieeiit ettt ettt ettt ettt ettt e ettt e bt e e abe e bt e e bt esateeabeeeabeenbtesabeesabeeabeesabeebeesabeenseenases 509
23.4.1 The EWM_OUE STZNAL......ciitiiiieieeieei ettt ettt et a et et e ee e es e e s bt e beenbeenbeeneesneenaeeneeenes 509

23.4.2 The EWM_IN SIZNAL..cc..iiiiiiiiiii ettt sttt et st sbe e b et eatesbeesbeenbeens 510

23.4.3  EWM COUNLET... oottt ettt s 511

23.4.4  EWM COMPATe REZISIEIS. .. c.ueetieiiiiiieiieitieettet ettt ettt et ete et e st e e sbe e bt e et esteeaee bt enbeeneeeseeeseenbeenseensesneeanean 511

2345  EWM Refresh MEChaniSI........cceiiiiiiiiiiiiiiiiiiiiiiiescctee sttt st s st s e 511

23.4.6  EWM INIEITUPL.c.c.oouiiiiiiiiciiiciet ettt ettt ettt 512

23.477  Counter CLOCK PIrESCAICT.......cc.iiiiiiieie ettt ettt et a e et et ae et et e bt etesneenaeeneas 512

Chapter 24
Watchdog Timer (WDOG)
B B Vi (o6 1111 510 ) 3 OO 513
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 19

General Business Information



h o
g |

|
Section number Title Page
242 FRALUTES. ...ttt et b e e bbb e h b e b et b st b e s a e e 513
24.3  FUNCHONAL OVEIVIEW .. .e.uiiitieiietieiieett et sttt et ettt ettt e et e et ee b e ea e e bt eae et e ameesbeemeeeseemteeeeenaeseeenbeeseenseeseenbeensenseeneenseeneeneeenee 515
24.3.1 Unlocking and updating the WatChdOg...........coeeiiiiiiiiiiiiiiiiitcc e e 516

24.3.2  Watchdog configuration time (WECT)......coouiiiiiiiiiiiieeiieeiee ettt sttt ettt e st esibeeaee s 517

24.3.3  Refreshing the WatChAOZ. .......cooui ittt ettt et sttt e bt e e seeenaeeneas 518

2434  Windowed MOde Of OPETALION. ......c.ertiriiiiiiriiiiiete ettt ettt ettt ettt ettt et et e sbeeaesaaesaeeaesaeen 518

24.3.5  Watchdog disabled MOde Of OPETAtION. .....cccuuiiiiiiiiiiiiiiie ittt ettt e sttt e s esabeebee e 518

24.3.6  Low-power MOdEs Of OPETALION. ......c.eeutetiietitetintertenttete ettt ettt ettt et st et sae bt ae st eane e esaesaesaenenae 519

24377 Debug mMOdes Of OPEIATION. ....c..eirtiriiiiiriiittett ettt ettt ettt et b et es e sbe e s bt e beeanesbeesbeenbeesaesaeen 519

244 TeStiNg the WACRAOZ. ....ccvtiiiiiiieiiie ettt et et e st e et e e bt e e bt e ettt e bt e e bt e sabeesabeenbteeabaesabeesabeenseennses 520
24.4.1 QUIECK TS Tt eete ettt ettt e et e e e et e e e eaae e e e eateeeeeaaeeeeeaeeeeeaaeeeeeateeeeeaeeeeeataeeeeteeeeeeareeeenteeeeeareeaan 520

2442 BYLE 1St teutiiiieteeiterteet ettt h et h et h et h e st h e bt e h e et e bt et e ht e eb e eht e bt et e sbe e bt sbeebesinens 521

24.5  BACKUD TESEL GEMETALOT ...ccuueerutieruieeitteiteeteetteeteestteeiteesbtesubeesbteeabeebeesabeeutesateensteeabeeabeesabeenbeesabeenbtesateenstesaseebaesaseenseeas 522
24.6  Generated reSEts AN INTEITUPES. ....eevertietieeierteeteet et et et ete et e bt esteetee bt esee bt emteebeenteeneeeseenteeneenbeenteeseenseeneeeseenseeneeneeanes 522
247  Memory map and re@ister defINItION. ......ccc.iriiiiiiiririieete ettt sttt ettt ettt 523
24.7.1 Watchdog Status and Control Register High (WDOG_STCTRLH).....cccccooviiiniiiiiiiiieniieeieeiee e 524

24.7.2  Watchdog Status and Control Register Low (WDOG_STCTRLL).......ccccceeiiiiiiiienienieeeeee e 525

2473  Watchdog Time-out Value Register High (WDOG_TOVALH)......c..ccoccoiiiiiniiniiniiiiiicnececeeeeeen 526

2474  Watchdog Time-out Value Register Low (WDOG_TOVALL).......ccocceiiiiiiiiiiiieeieeiieeeie et 526

24.7.5  Watchdog Window Register High (WDOG_WINH).......cccccoiiiiiiiiiiiiieiieeee e 527

247.6  Watchdog Window Register Low (WDOG_WINL).......ccceiriiriiiiiiiiiinienieitesitenteneeee et 527

24.7.77  Watchdog Refresh register (WDOG_REFRESH).....c...cooiiiiiiiiiiiiiiiieec et 528

24.7.8  Watchdog Unlock register (WDOG_UNLOCK).......cccotiiiiiiiiiiieiete ettt st 528

2479  Watchdog Timer Output Register High (WDOG_TMROUTH).......cccccooiiviiiiiniiiiiiiiiicieeiceeeeeeeen 528
24.7.10  Watchdog Timer Output Register Low (WDOG_TMROUTL).....cccceeiiiiiiiiiiiiiieeieeeiee e 529
24.7.11 Watchdog Reset Count register (WDOG_RSTCNT)......ccooirimimiiiiiiiniineneeeteteeetenie et 529
24.7.12  Watchdog Prescaler register (WDOG_PRESC)......cccccoiiiiiiiiiiiiiiiieeeeee ettt 530

24.8  Watchdog operation With 8-Dit ACCESS......eiiuiiiiiiiiiiitieiie ettt ettt e st e st e bt e e sbteeabeesbeesateesbeeenaeesats 530
24.8.1 (€511 21 e 1T 1<) U TSSO 530

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
20 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
24.8.2  Refresh and unlock operations With 8-DIit ACCESS.....cuuiruiirriiiriiiiiiieieerie ettt sttt 530

24.9  Restrictions 0N WatChAOZ OPETALION. ......c..eouiiitiiiiitieie ittt ettt ettt ettt e et e et e bt esee bt en s e ese et e esee bt e s e sseenseeneeneeenes 531

Chapter 25
Multipurpose Clock Generator (MCG)

B 0 B Vi (0T 1817 510 ) 3 OO 535
25,101 FRALUIES ..ottt e e ettt e e s 535

25.1.2  MOAES Of OPETALION.....ceitiiiiieiiieeite ettt ee et ee et eit e et e st e st e e sat e e sabeesateesabeesbbeesabeebeeesabeebeeenbbeenbeeesbesnseean 538

25.2  External SigNal DESCIIPIION. .....ceutiuiiuiiieiieiteiteitetetet ettt sttt sttt ettt ettt et e e et e s e e e b e naenaenne e 539
25.3  Memory Map/RegiSter DefiNItiON. ......cccueviiiiiiiriiiiiie ittt ettt sttt sttt ettt et ebee e eaee 539
25.3.1 MCG Control 1 Re@ister (IMCG_C1)..couiiiiiiiiiiiieiieeie ettt sttt st ettt e esaee e 540

25.3.2  MCG Control 2 RegiSter (IMCG_C2)....ccuiiieiieiieeie ettt ettt ettt ettt et saeeaee et e e seeeeesseeaesnnans 541

25.3.3 MCG Control 3 RegiSter (IMCG_C3)..c.uiiiiiiiiieiieiieieeitete ettt sttt ettt ettt et 542

2534 MCG Control 4 Re@iSter (IMCG_C4)..couuiiiiieiiieiiteiteee ettt sttt ettt ettt ettt et e st e b e saneenee 543

25.3.5 MCG Control 5 Re@ister (IMCG_CS)...e ettt ettt ettt ettt sbe st et beente b enteeaeenes 544

25.3.6 MCG Control 6 RegiSter (IMCG_CO)......coueiiiriiiiiiieiieiteit ettt ettt ettt et sae e 545

25.3.7 MCG Status ReISEr (IMCG_S)...eeoueieiiiieiiieiiieeetee sttt et e et e sttt e bteebb e e it e ebbeesateesbbeenareenes 547

25.3.8 MCG Status and Control Register (IMCG_SC)....co.uiiuiiiiiieiiieieeeeieee ettt seens 548

2539  MCG Auto Trim Compare Value High Register (MCG_ATCVH)...c...coceiviiiiiiniiniiiiiiiicienecceeeeen 550
25.3.10 MCG Auto Trim Compare Value Low Register (MCG_ATCVL)....ccccoiiiiiiiiiiniieieeiteeeeeeeee e 550
25.3.11  MCG Control 7 RegiSter (IMCG_CT7)....ceuieuieieeieeit ettt ettt ettt see et st e e et e aesseebeennans 550
25.3.12  MCG Control 8 RegiSter (IMCG_C8).....cuiruiiiiriiiriieierieeteritete sttt ettt ettt et et sbe et st s eaesanens 551
25.3.13  MCG Control 9 Register (IMCG_CO)......ciriiiriiiiiiniiieieeeieteeeeet sttt 552
25.3.14 MCG Control 10 RegiSter (IMCG_CL0)....ccueuieiiiieieeieeie ettt ettt ettt se et eae et eaesseeaesnnans 552

254 FUNCHONAL DIESCTIPIION. 1. euutiutieiiietiete ettt sttt ettt sttt sttt et s bt et e e bt e bt eb b e bt eab e bt ea b e eb s e st e eb b e bt eabeebee bt ebeenaeenee 553
254.1 MCG MOAE StALE AIAZTAIMN. ....vveeuiieeiiieeiieetee ettt ettt ettt et e et e et e st e e st e esbbeesabeebeeesbtesnbeesabeesaseesnbeenareenns 553

25.4.2  LOW POWET Bit USAZE....cuiitiiiiiiieitieieeie ettt ettt et ettt et e st esbe e bt e e eateebeenbeenbeeneeeneas 557

2543  MCG Internal Reference CIOCKS.........ccoiiiiiiiiiniiiiiiiiieieeeeteesestee st 557

2544  External Reference CIOCK........ccociiiiiiiiiiiiiiiiiiccccc e 558

25.4.5  MCG Fixed freqUENCY CLOCK ....cc.oiiiiiiiiiieiieiiet ettt ettt ettt st sa et et e ste et ebeeneesneeaeeneas 558

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 21

General Business Information



h o
g |

|
Section number Title Page
254.6  MOG PLL CLOCK ..ottt 559

25477  MCG AULO TRIM (ATM) ..ottt ettt ettt b ettt b ettt b e 559

25.5 Initialization / Application INfOIMAtION. ..........coeiriiiiiiiiiiie ettt ettt et s 560
25.5.1 MCG module initialiZation SEQUETICE. ....cccuvtirtieriieritteitieete ettt etee sttt esteesiteestteebeesibeesstesbeesabeesseesaseesseessseenas 560

25.5.2  Using @ 32.768 KHZ IEIEIENCE. ......cuieuiiiieiieiiett ettt ettt sttt et st e bt et sae e saeesbeeaeeneas 563

2553 MOCG MOAE SWILCHINE. ....cueiiiiiiiriiiteeie ettt ettt ettt sb ettt s bbbt et satesb e e bt eabesbbesbeebeeaaesaeen 563

Chapter 26
Oscillator (OSC)

20.1  INEFOAUCHION. c..uiiiiiiiiciietiec ettt ettt ettt et et a e st eae bt b e ea e bt ebesae e b b saeeaeeae e 573
260.2  Features and MOAES...........cciiiiiiiiiiiiiiii e e 573
B T T ) (o Ted B oy 11 s OSSR RURSTRTRSRP 574
20.4  OSC SiZNAL DESCIIPIIONS. .c.uveutiiteiteteeiteetteteet ettt ettt ettt et e e ee s e bt et e es bt eb e e be e bt eaaesbeesbe e bt eseesbeesbeenaeestesbeenbeeneeenee 574
26.5 External Crystal / ReSONAtOr COMMECTIONS. ...cccuutitiiitieetieiitteeiteette et e st e st e site et e esbeesabeesabeesbteesbtesabeesabeesaeeenbaeeseesases 575
26.6  EXternal ClOCK CONMMECTIONS. .......eoutiitietieiiietieettet et et et et e et setesateste e bt eate st ee st enteeneeesee st enbeenseeseeabeebeensesneesseenseeneeenes 576
26.7  Memory Map/Register DEfINItIONS. ....cccueitiriiiiiieiiiie ettt sttt sttt sa et sae et sbee e 577
26.7.1 OSC Memory Map/RegiSter DefINition. ......cccueiiiiiriiiiieiiierie ettt ettt st 577

20.8  FUNCHONAL DIESCIIPIION. 1...eutiutieitietiete ettt ettt ettt te et te et e etesae e bt e s eesbeeaeesbeenbeeseen bt esee bt emseebeenteeseenteense st enseeseenseeneeneeenee 578
26.8.1 OSC MOAUIE STALES. .....eeuiiieiieiiiiieiieiiet ettt ettt ettt sttt sa e b b saeebesbesaean 578

260.8.2  OSC MOAUIE MOUES........ccooiiiiiiiiiiiiiiiiici e 580

B R T0e  ©0) 111 L) OO OSSOSO 582

26.8.4  Reference Clock Pin REQUITEIMENLS. ......coutirtiiriiiiiiiiiiiiiriieieeieeteet ettt sttt ettt siae s 582

20.9  RESCL....iiiiiiii i e bbbt ea e 582
26.10 LOW POWET MOAES OPEIALION. ....c.ueeutieutieiteetieteeiieetie it ete et eesteesteseeesteebeseeesaeeaeeatesaeenbeemeesseeaeemeesaeeseemeesaeenseeneesseeneeenes 583
20,11 TIEETTUPLS. . ttettenteeitente ettt ettt ettt et b et sb e bt e et s bt e bt e bt e eb e eab e e bt e bt eab e eb b e bt eab e bt et e eh b e bt en bt eb b et e eat e ebe e bt e st e ebee b enee 583

Chapter 27
RTC Oscillator

27,1 INEEOQUCHION. ...ttt ettt et ettt ettt et a e bt eae st b e eb e b e bt eaeeaeebesaeeae b e 585
27.1.1  Features and MOES..........cccoiiiiiiiiiiiiiiiiiiiiici e s 585

27.1.2  BlOCK DIQGIAIMN. .. .euiitieiieiieeiieteete ettt ettt ettt e bt et es e bt et e e st e s bt e bt eabees e e bt enbeeneesneebeenaeenean 585

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
22 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
272 RTC SigNAl DESCIIPIOMNS. ....eeutiieuiieeiiieiitieeite ettt et et e et sit e st e e sate e b teebeesabeeeabeesateessbeaabeeebbeaabeesabeesabeessbeesnteebaeenseenases 586

27.2.1  EXTAL32 — OSCIIAtOr INPUL....c..eiiieiieie ettt et ettt ettt et e st e b et et e enteeseeaneas 586
2722  XTAL32 — OSCIIAtOr OULPUL......eoutiriiiiiiieiiteriterte ettt ettt ettt ettt es e st b et eabesbeesbeebeeaaesaees 586
27.3  EXternal Crystal COMMECTIONS. .....ccutiitieitieeiieritte it eritt e ettt ettt et e et e et e sabeesabeesabeesabeessbeesabeessteenbbeeseeebbeenseesabeeenseenases 587
27.4  Memory Map/RegiStEr DESCIIPIIONS. ... ceutiuietieieitieteetieste et st ete et eteestesteeste s bt este et eebeeseeebeenteeseenteense st enseeseenseeneeneeenes 587
27.5  FUNCHONAL DESCTIPIION. ¢ .ttt ettt ettt ettt sttt ettt et s bt et e bt et eb e b e eatesb e ea bt eb e e bt eb b e bt eabeebeenteebeenaeenee 587
27.60 RESEE OVEIVIEW...c.uiiiiiiiiiiiiiiiicic e s s a e e bbb b e et eb e s st s ea e e 588
B B 11115 4 40 o1 £ O OO OO PO U PP P R TPOPRPROPPRON 588
Chapter 28
Flash Memory Controller (FMC)
B T B Vi (0T 1117 510 )3 OO OO 589
2811 OVEIVIEW..euuiiiiiitiiietiteitst ettt ettt ettt ettt b et bttt b et b e b e bbbt bbbt b e 589
28.1.2  FRALULES.....iiiiiiiiiiciicee e et e e 590
28.2  MOAES Of OPETALION. ......eutiuieniiteiertieteete sttt ettt ettt ettt ettt e a et s e et e bt sae et e e bt sae e bt e bt ebeebe et ebe et et eas et et enaenaenaennenee 590
28.3  External Signal deSCIIPLION. .....cccutitiriiiiiriiiteiteet ettt ettt ettt ettt et ettt sb et sbe et e s bt et e bt et e eb e et e ebe e bt ebaesbeentesbeenaenbeen 590
28.4 Memory map and re@iSter AESCIIPLIOMS. ...eeruiirtieriieeitieiitertte et te et et et e st e st e s bt ebeesa bt e sabeenbeesabeesaeesabeesnbeebeesabeesaeesases 591
28.4.1 Flash Access Protection Register (FMC_PFAPR)........cccoooiiiiiiiieeee et 597
28.4.2  Flash Bank 0 Control Register (FMC_PFBOCR)......cccccoctitiiiiiiiiienieie ettt 600
28.4.3 Flash Bank 1 Control Register (FMC_PFBICR).....ccc.coiiiiiiiiiiiiiiiecie ettt s 603
28.4.4  Cache Tag Storage (FMC_TAGVDWOSI)....ccuteiiteeeietee ettt ettt ettt aaees 605
28.4.5  Cache Tag Storage (FIMC_TAGVDW LIS ..ccouiiiiiiiiiiiieeceee ettt 606
28.4.6  Cache Tag Storage (FMC_TAGVDW2S).....ooiiiiiiiiieiitete ettt sttt ettt et e en 607
28.47  Cache Tag Storage (FMC_TAGVDW3S7)...ccouiiieieieieeee ettt e 608
28.4.8 Cache Data Storage (upper word) (FMC_DATAWOSAU)...c..cooiiiiriiiiieneeeeteneeeee e 608
28.4.9 Cache Data Storage (lower word) (FMC_DATAWOSHL).....cooutiiiiiiiieieeeeeee e 609
28.4.10 Cache Data Storage (upper word) (FMC_DATAW ISAU).....cciiiiiiiiiiiieeeeseeee et 609
28.4.11 Cache Data Storage (lower word) (FMC_DATAW ISAL).....cceeiiiiiiriiiiiiieieeieeeeeec et 610
28.4.12  Cache Data Storage (upper word) (FMC_DATAW2SAU)....cccutiiiiiiieiieiiteeeiee ettt 610
28.4.13  Cache Data Storage (lower word) (FMC_DATAWZ2SHL).....ccueiiiiiieiieteeeeee ettt 611
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 23

General Business Information



h o
g |

|
Section number Title Page
28.4.14  Cache Data Storage (upper word) (FMC_DATAW3SAU)....ccooiiiiiiiiieiieetteeeee et 611
28.4.15 Cache Data Storage (lower word) (FMC_DATAWI3SHL)....cccuiiiiiiieieeeeeeee ettt 612

28.5  FUNCHONAL AESCIIPIION. c..c.ttiutiiieiteeiteteeit ettt ettt ettt eb bbbt e a e s bt et e bt e et s bt esbesbee s bt esaesbeeabesbeeabeebeenteebeenaeenee 612
28.5.1 Default CONTIGUIAION. ....couuiiiiiiiie ittt ettt e st e sab e e bt e e bt e s bt e sabeesateebaeebeesanes 612

28.5.2  CONTIGUIALION OPIONS. 1..ttiutieuteiieitiettete et eiteetteetee bt esteeateesae et eebeenbeeabeeateeseesseesseenseenteeaeeeseanseenseenseensesneesnean 613

28.5.3 WK SEALES..c.eiiiiiiiiectiiecie ettt ettt sa et s sa e e 613

28.5.4  SPECULALIVE TEAAS. ..ccvteeueeeiieiieeiie ettt ettt et ettt et e st e e bt e sab e e beeeabe e beesabe e beesabeeseesaseenbtesaseenbeesnbesnseenas 614

28.6 Initialization and application INfOIMALION. ........cccutiieriiiiett ettt ettt ettt et e et esbeeste st e et e sbeenbeeseenteeseeneeenee 615

Chapter 29
Flash Memory Module (FTFL)

B B B Vi (0T 1117 510 )3 OO 617
20,101 FRALUIES.....eiiiiiiiii ettt st ettt ettt 618

20.1.2  BIOCK DIQQIAML....couiiiiiiiiieiieee ettt ettt st ettt e b e et e st e s et e bt e et teeabeesabeesaee e baeenbeesabeesabeeseeen 619

20.1.3  GlOSSAIY.c.utuiiieniitenteeteete ettt ettt b bbbt a ettt e b bttt beeae bt et et e e eae e 619

29.2  EXternal SigNal DESCIIPLION. ..c..cevtirtiiiiriiiteiie ettt ettt ettt ettt sttt et sbt e bttt sb e e bt et sbeesbe e bt eatesbeeaeeaee 621
20.3  Memory Map and REZISTETS. ..ccuuiiiieriitiiieiieeitte ettt ettt ettt et ettt eb e st e et e s bt e bte e beesabeenbeesabeesatesabeesabeebeesabeenaeeeases 621
29.3.1  Flash Configuration Field DeSCIiPtion.........cccecueiiiriiiiieiiirieeeietetteieee ettt 621

29.3.2  Program Flash IFR IMIAP......cociiiiiiiiiiieie ettt ettt sttt et st eaesaees 621

29.3.3 REZISIET DIESCIIPIIONS. ...ceitieiiiieiie ettt ettt ettt e st e b e e bt e e bt e sab e e ssbeeabteeabtesabeesabeessteebeeenbeesnses 622

29.4  FUunCtional DESCIIPLION. ....c.eitirtitiiititetetet ettt ettt et ettt ea et e ae bbbt bbbttt e bt sae et besaeeae b e 631
29.4.1 Program FIash MEmOTY SWaP......cocueruiiiiriiiiiiiiieiete ettt sttt sttt ettt et et st sae e 631

29.4.2  Flash ProteCtON. .....cc.couiiiiiiiiiiiiiiiiiicc e e 632

2043 INEETTUPES. ..ttt h e st s h e b e e s ae e b e e s s bt e a e sane st n e e saeas 632

29.4.4  Flash Operation in LOW-POWET MOGES.......ccc.eiiiiiiiiiiiiiiiiinieicee ettt 633

290.4.5  Functional Modes Of OPETatiON.......cecuuieriiiriieriieiieesieesitt e et et e sttt ettt e site ettt esateesbeeesbaesbeeenbbesbeeesaesseeas 633

29.4.6  Flash Reads and IZNOTed WIIES. ......cc.couiiiririiieieieiiienteetee ettt sttt 634

29.477  Read While WIite (RWW)..c.oouiiiiiiiiiiiie ettt ettt st 634

20.4.8  Flash Program and EIaSe..........cccceouiiriiiiiiniieieiie ettt ettt ettt sttt et sat e e bt e st e e b e sabeeaee e 634

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
24 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
290.4.9  Flash ComMMANA OPETAtIONS. .....ccc.uerruitritieriieetieeteeniteerite et e sttt esteesateestteebeesabeesstesateesaseeseesnbeesssesbeesseenseean 634
29.4.10  Margin Read COMMANGS.....c..coerieieiiriiieniinienit ettt ettt ettt sb ettt et e a b sae bttt e eeenne e 640
29.4.11  Flash Command DeSCIIPLION. .....c..ccvutiiiriiriiiieieiterteeteeit ettt ettt ettt ettt sbe et st saeeaeesaeenaesaeen 641
20412 SECUTTLY ..eteeuteeiieeeite ettt ettt ettt ettt ettt e b e et eea bt e s ab e e bt e e s st e e sttt e bt e eateesabeeeabe e st e e steeabaeenbeesabeesabeenateensbeebee s 663
29413 RESEE SEQUEIICE. ......ueiuiiiiiiiiiiiieit ettt et s st st s et e e e e s e sae e b e e b e e e e eaeeeae e b e e neeenesanesaees 665
Chapter 30
EzPort

T B 0 )53 1 1< 2O PSR TRSRP 667
30.1.1 INEEOAUCTION. ...ttt st sttt et besa et sbesaa 667

B0.1.2  FRALUIES. ...cuiiiiiiiiiiici ettt s 668

30.1.3  MOAES OF OP@TALION. .....etieutieiieiiieetie sttt et ettt et ettt et e bt en b e eateebeesbe et e eabesaeesaeesaeenseenteeseesseenseenteeneesseanseans 668

30.2  External Signal deSCIIPLION. .. ..ccoutitiriiiiirtiiteiteet ettt ettt ettt ettt et ettt s bt es e sbe et e s bt et s bt e st e ebe et e ebe e bt ebtesbeentesbeensesbeen 669
30.2.1  EzPort Clock (EZP_CK).....oouiiiiiiiiieieiiieieceecee ettt 669

30.2.2  EzPort Chip Select (EZP_CS)....c.ioiiietieie ettt ettt ettt st sbe st ettt es et se et eneeeaeenes 669

30.2.3 EzPort Serial Data In (EZP_D)......ccuviiiiiiiieie ettt ettt et e e e ave e e e tb e e eearaeeeareeaas 670

30.2.4 EzPort Serial Data Out (EZP_Q)........oiieiiiieiiee ettt e vt e e e e te e e eabaeeessbaeeesnsseeessssaeesnsseaens 670

30.3  CoOMMANA AETINMITION. ... .eiuiiitietieiteeiie ettt ettt ettt e b e bt et e et e e sb e e beemee e st e sae e et emeesaeenbeemseemeesaeenseeneeeneesseenseenes 670
30.3.1 COMMANA AESCTIPIIONS. ....eeuteitetieiteettete ettt ettt ettt ettt e st ebte s bt et e sbe e bt s bt e bt eabesbeesbeebte bt estesbeeneesbeenseenee 671

30.4  Flash memory map fOr EZPOTT ACCESS. ...ccuuiiiuiiiiiiiiieiteette ettt ettt ettt st e sttt e st e st e ebeesabeenaee s 675

Chapter 31
Cyclic Redundancy Check (CRC)

L1 INEFOAUCTION. ...ttt e b ea s ea e b e sa b 677
31.1.1 FRALUIES. ...ttt ettt a et et ea e b e a bt ee e e bt et e en b e e s e e bt em b e eateebeenbeenbeebeebeenbeeneentean 677

31.1.2  BIOCK QIAZIAIMN......eiutiiieiiieiteeiteieet ettt ettt et eb bbbt sb et eb b e bt et e ete e bt esb e e bt e bt enbesbaenaeens 678

31.1.3  MOAES Of OPETALION. .....eiiuiieeiieitie ettt ettt ettt et e ettt et e et esabeesateesabeesabeesabeeabeeenbbeenbeesabeesabeesabeenaneenn 678

31.2  Memory map and re@iSter AESCIIPLIONS. .......eeutertieiertieieeeerte et et et et este e e ste e e ese et e eatesbee bt ense bt enbeeseeseensesseenseeseeneeenes 678
31.2.1 CRC Data register (CRC_CROC) ..ottt ettt sttt 679

31.2.2  CRC Polynomial register (CRC_GPOLY )....cccuttiiiiiiiiiiieiiieeiee ettt sttt 680

31.2.3 CRC Control re@ister (CRC_CTRL)....c.uoitieiiitieiieiee ettt sttt et e b eseesae s 681

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 25

General Business Information



h o
g |

|
Section number Title Page
31.3  FUNCHONAL AESCIIPION. ..cuuiiiiiiiiieeiieette ettt ettt ettt et e sttt e e sttt e bt e s it e et e e sabesabeesabeeaseessbeeabeensteeabeesstesabeesabesnseenes 682
31.3.1 CRC initialiZation/reINItialiZAtION. .........eeitieieiieieiete ettt sttt ae e et e s e e enee 682

31.3.2  CRC CAlCUIAIONS. ... .ottt sttt e eae e 682

31.3.3 TTANSPOSE TRALUTE. .....eenieieiiie ettt ettt et ettt e h e e bt e et e s et e e sab e e bt e e bteeabeesabeessbeenbeeebeesates 683

31.3.4  CRC 1ESUIt COMPIEIMEIL.....eutiiiieieiieiieetiete ettt e ettt et e st e e e aee st e e bt eaeeetee bt emeeebeenteenteebeenseenseeneanseenseeseenseans 685

Chapter 32
Analog-to-Digital Converter (ADC)

R 120 B £33 (o 16 11 (<5 10 | OO 687
32101 FRALUIES. ...ttt b ettt sh et s 687

32.1.2  BIOCK QRAZIAM.c...eiiiiiiieiiie ittt ettt e sa e bt e et e e st e e bt e e bt e eabeesateestesabeesabeenbteebaesnbee e 688

32.2  ADC SigNal DESCIIPIIONS. c..uveutiuteuieiieiieiteitettete ettt sttt ettt et eat bt eat et e bt s bt sttt be s e et et et et easesteneebeeuesuesaeebesbenaens 689
32.2.1 ANALOZ POWET (VDDA ...ttt sttt ettt b et ettt st s bte st nbe et e 690

3222 ANALOZ GTOUNA (VSSA) ...ttt ettt e b e et esat e e bt e s bt e s bt e e bt e sabeesabeenbeesabeenaeesases 690

3223 Voltage REefErenCe SEIECT........oviiiiiiiiiiiiiieier ettt ettt ettt ettt 690

32.2.4  Analog Channel INPULS (ADX).....coueruiiiiriinieiieeetert ettt sttt sttt et sbe ettt eatesbeenaeens 691

32.2.5 Differential Analog Channel INputs (DADX)......coiiiiriiiiiiiiieiieeie ettt st n 691

32.3  ReEISET AEIINMITION. ..cuititiietetct ettt ettt ettt et b e bbbt be e ettt e st e s eatebeebeebeebesueebesbesaens 691
32.3.1 ADC Status and Control Registers 1 (ADCX_SCIL7).....coceeviriiriiniiiiniiieiteneeeeeeee et 694

32.3.2  ADC Configuration Register 1 (ADCX_CFG1)..ccc.coiiiiiiiiiiiiieeieeteeteet ettt ettt e 697

32.3.3  ADC Configuration Register 2 (ADCX_CFG2).....c.c.cceoiiiiiiiiiiieiieetetetestetereseesveste st 699

3234 ADC Data Result Register (ADCX_RM).....cccueiiiiiiiiiiiiiiiitet ettt 700

32.3.5 Compare Value RegiSters (ADCX_CVI).cco.uiiiiiiiiiieeit ettt sttt et 701

32.3.6 Status and Control Register 2 (ADCX_SC2).....iiiiiiie ettt ettt 702

32.3.7 Status and Control Register 3 (ADCX_SC3)..ccuiiiiiiiiiiieeeieeteeee ettt 704

32.3.8 ADC Offset Correction Register (ADCX_OFS).......ooiiiiiiiiiiiieiiie ettt st 706

32.3.9 ADC Plus-Side Gain Register (ADCX_PG).....cc.oeiiiiiiiiiieiieieeeiee ettt 706
32.3.10 ADC Minus-Side Gain Register (ADCX_MG).....c..cooeeruiriiriiniiiiieieeieetest ettt ettt sieenaeens 707
32.3.11 ADC Plus-Side General Calibration Value Register (ADCX_CLPD)........ccoviiiiiiiniiiiiiienieeeieesiee e 707
32.3.12 ADC Plus-Side General Calibration Value Register (ADCX_CLPS).....cccccoviiiiiiiiiiiiiiietee e 708

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
26 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
32.3.13 ADC Plus-Side General Calibration Value Register (ADCx_CLP4)......cccccooviiiiiiiiiiiiiieeniee e 708
32.3.14 ADC Plus-Side General Calibration Value Register (ADCX_CLP3)......ccccooiiiiiiiiiieieieeececeeeene 709
32.3.15 ADC Plus-Side General Calibration Value Register (ADCX_CLP2).......ccceoveiniiniiniiiiieieeieineeeeieeiens 709
32.3.16 ADC Plus-Side General Calibration Value Register (ADCX_CLP1)......ccccceeriiiniiiiiiiiieeieeeieeeeeeeeene 710
32.3.17 ADC Plus-Side General Calibration Value Register (ADCX_CLPO).......cccceiviiriiniinieiieiiereeceeeeeeee 710
32.3.18  ADC PGA Register (ADCX_PGA)....c.oouiiiiriiiniiieiricteenetsteet ettt 711
32.3.19 ADC Minus-Side General Calibration Value Register (ADCX_CLMD).......cccccevviiriiiniiniiiienieeieeeeeene 712
32.3.20 ADC Minus-Side General Calibration Value Register (ADCX_CLMS).......ccociiiiiriiiiienieniecieeee e 713
32.3.21 ADC Minus-Side General Calibration Value Register (ADCX_CLM4)......c.cccoceimiiniiniiiniiniieieeneenees 713
32.3.22 ADC Minus-Side General Calibration Value Register (ADCX_CLM3)......ccccoeeriiiiniiiiniiiiniieeniee e 714
32.3.23 ADC Minus-Side General Calibration Value Register (ADCX_CLM2)......c.cccecimiiiniiieiiinieiieeeeiie e 714
32.3.24 ADC Minus-Side General Calibration Value Register (ADCX_CLM1)......cocooviiiniiniiniiiniiniieieeienees 715
32.3.25 ADC Minus-Side General Calibration Value Register (ADCX_CLMO).......cccceeriiiiniiiiniiiiiieeniee e 715

32,4 FUNCHIONAL AESCIIPLION. .....eiutitiett ettt ettt ettt ettt et et e bt e s et e e st e sbeeaeesbeemtesbeembeeseenaeeseenteenee st enee st eneesseensesneensesnean 715
324.1 PGA functional deSCIIPLION. .....c..eeutiriiiiiiriierieitercee ettt ettt ettt et sbe et st e e 716

3242  Clock select and divide CONLIOL.........c.cciiiiiiiiiiiiiiiii e s 717

3243  VOltage referenCe SEIECTION. ... ccuietieiiiitietietieetiet ettt te et et e et e st e bt eseesbe e beeseesbeenbeeseesbeenbeessenseanseeseenseans 717

3244  Hardware trigger and channel SEIECTS.........uiviiruiiriiiiiiiiiiieite sttt st 718

32,45 CONVErSION CONMIOL.....ciuiiiiiiiiiiiiiiiicc e st s s s 719

32.4.6  AUtOMAtiC COMPATE TUNCHIOM. 1 ..etieitieiietieieetiet et et ettt ettt e bt e e sae e bt eaeesbeeaeesbeenbesseesbeensesseenseeseenbeensensnans 726

3247  Calibration fUNCLION. ......cciiiiiiiiiiiece ettt st sttt 727

32.4.8  User-defined offSet fUNCHON............ociiiiiiiiiiiiii s 729

32,49 TEMPETATUIE SEMSOT ... .. ueiuiiuiieuiietiett et eteeteeate et et e et e eaeeea e e e e e st e sb e et e eaeeeaeeteeaeeeae e s e eaaeeree s e easeeneebeeaseennesneans 730
32410 MCU Wait MOAE OPCIATION. ...ccuvertiitirititieiteetteteette st ettt ette bt ettt e ettt e bt ebeesbeetesbe e bt sbeesbeessesbeebesbsenbeesnenueens 731
32.4.11  MCU Normal Stop MOAE OPETALION. ...c...eerurieriiiiiiiiiieeiteeieesee ettt etee st e ereestteesttesbeesbeesateesasessseesbeesseenes 731
32.4.12 MCU Low-Power Stop MO OPEIALION. .....c.eeiuietieieeiieiieitiestienttente et et eiteeteesteesseebeebeeaesseesseesneenseeneeans 732

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 27

General Business Information



h o
g |

|
Section number Title Page
32,5  Initialization INfOIMAtION. ........ocuiiiiiiiiiiiiii it 733
32.5.1 ADC module initialiZation EXAMPIE..........ccueiiiiieiieieeie ettt ettt ettt eaee ettt e et et et eaee 733

32.6  ApPlication INTOIMALION. .....co.tiitiiiirtiiieritett ettt ettt et bttt et b e et e s bt e bt e bt e bt eabe s bt et e ebse bt eabesbeenteebeenaeenee 735
32.6.1 External pins and TOULINE. ....cooveietiiriieiiie ettt ettt e st e e bte s bt e s bt e sabeesabeesbeeenbbesabeesnbeesareenns 735

32.0.2  SOUICES OF @ITOT.....eiueiitieieeite ittt ettt ettt e e et e bt eete et e e bt eateebeenbeesee b e embeesee bt emteeseenbeensesseenbeenseebeenseeneenseans 737

Chapter 33
Comparator (CMP)

0 2 B 6313 (o 16 11 (<5 10 | USRS P SR PRRRRP 743
332 CMIP fRALUIES. ...ttt ettt ettt b s h e b b sh e bt et e b ettt 743
33.3  O-Dit DAC KEY fBAIUTES. ...eeuteeiiieiieetie ettt ettt ettt et et ettt e bt e st e e s it e e baeeabeesateesabeeabeesabeesabeesbeeenseesabeesaseenseean 744
3314 ANMUX KEY TRATUIES. ....eeiuietiiieitieteeteet ettt et et e et e e et et e et e esee et e emteeae et e enteeae e bt ensees e e bt enseeseenseeneeeaeeseeneesseeaeenee 745
33.5 CMP, DAC and ANMUX QIAZTAIM..cc.eeruiiiiriiiienttetenteet ettt ettt et sttt st tesbe et s bt este s bt esbeebt e bt ebee bt ebaesbeentesbeensenaean 745
33.6  CMP DIOCK QRAZTAM.....eoiuiiiiiiiiieeite ettt ettt ettt ettt e st e bt et e e s it e e baeeabeesabeesabeebeeeabaesabeesabeenseesabeesabeenseean 746
3377 Memory map/re@iSter AEfINIIONS. .......eoueiuieieitieteit ettt ettt et et et esbe et e e bt e e e s bt enteese e teen e e teeaeeebeeneesaeeneesaeenseenean 748
33.7.1 CMP Control Register O (CMPX_CRO).....c..coouiiiiiiiiiiiieiesteee ettt et 748

33.7.2  CMP Control Register 1 (CMPX_CRI).....c.cccoimiiiiiiiieiiicieieneet ettt 749

33.7.3 CMP Filter Period Register (CMPX_FPR).......ccoiiiiiiiiiiieee e 751

33.7.4 CMP Status and Control Register (CIMPX_SCR).....c..cccceriiriiriiiiiienieeeteteeeteeee st 751

33.7.5  DAC Control Register (CMPX_DACCR).......cccccoimiiiiiiiiieiiciieeeetee ettt 752

33.7.6  MUX Control Register (CMPx_MUXGCR).......ccceortiiiiiiiiiiteit ettt sttt saeesaeeeeens 753

33.8  CMP fUNCHONAL AESCIIPLION. c..c.uteuiieniiiiieitiete ettt ettt ettt ettt ettt et e bt eat e sbt e bt e st sbe e bt et e ebeenbe e bt ebeesbeenaeenee 754
33.8.1 CMP functional MOAES........cccccuiiiiiiiiiiiiii e 754

33.8.2  POWET INOAES. ...ttt ettt ettt ettt ettt e e et e a e eh e e bt e a b e eb e et e en b e e s e e bt en b e eh e et e enteene e bt enbeent e beenbeeneenneans 763

33.8.3  Startup and OPETALION. ......cccuerutirutirtieiieitentt ettt ettt ettt ettt b ettt sbte s bt e bt eatesbtesbe e bt ebeesbeebeesbeebbesbeebeans 764

33.8:4  LOWPASS FIIEOT....eiiuiieiiiie ittt ettt ettt et ettt e et e st e e it e e s ab e e bt e e bt e e bt e e bt e eabeesbeesabee e 765

33,9 CIMP INEEITUPLS. . .evteuieuieiietieitett ettt tete ettt sttt st ettt et ettt et et e st et e st e st e st e bt eat et e st eb e e bt ebeeb e e bt ebeebeebesueebeebesbesaenen 767
33,10 CIMP DIMA SUPPOIT..cutiiiiiitiitetietentteste ettt et ettt ettt et eat et eatesbeestesbeesbeebeesbeeatesb e e bt ebt e bt eabesbeeab e et s et e eabesbeenteebeenaeenee 767
33.11 Digital-to-analog converter bloCK dIa@Iam.........coouuiiuiiiiiiiieiiienieee ettt ettt et et e st e st e ebeesbeenaee s 768

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
28 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
33.12 DAC fUNCHONAL ESCIIPLION. .eeuttieutieiitieeiiteiie ettt ettt ettt ettt et e et e st e e s abe e baeeabeesateesabeeabeesabeesabeesbseanseesabeesaneeseean 768

33.12.1  Voltage reference SOUICE SEIECT.......ueiuiiiiitieieitieieeteete et te et et ate sttt esteeaee s et etesbe e teebeenteeseenteeseenseeneenaeenes 768
3313 DA TESCLS. ..cueueiteeeitetetete ettt a e e a et h et b e e b b e b bt h e et b e be st b e a e sh b s et s hesa s 769
3314 DIAC CLOCKS. ..utiniiiieieet ettt a et b ettt 769
3315 DAC INEEITUPLS. ...eeueeueeuieiietietteteeteeteste ettt et st ettt sae st be st st b et e e et e se e esse st emteseeasemteseeateateseeueebtebe et e ebeeue et e ebesbeeaeebesaesaeanen 769
Chapter 34
12-bit Digital-to-Analog Converter (DAC)
R B §3 13 (o 14 11 (<15 10 | OO PRSRPRSRPR 771
342 FRALUIES......eeitiieiiietecte ettt sttt et b b e e b s b e h b a e st b e h e e bbb et b h e e h b b s h e b h e sa b e a e sa b s ae st 771
343 BIOCK QIAGTAIMN....cuueiiiiiiiieiie ettt ettt et e st e bt e st e s ab e e bt esab e e st e sa bt e sabeeabeesabeenabeeabeeeabeebeeeabeesabeenbaeenbeenneean 772
344 Memory Map/re@iSter AETINITION. .. ...ce.iiiuietietieitiete ettt ettt ettt et b et et e et e s bt ebesaeesueesbeeneeeseesaeeaeeneesneesseeneeenee 773
34.4.1 DAC Data Low Register (DACX_DATAL)..c..cooutiiiiiiiiiiitit ettt s 774
3442  DAC Data High Register (DACX_DATRHH)........ccccoveimiiiiiiiiiiiiicreeeeee et 774
3443 DAC Status Register (DACX_SR)...cuiiiieieeee ettt ettt ettt e e e nbe e e e e enes 775
3444 DAC Control Register (DACK_CO)...ccueouiiiiriiieiiieteetteete ettt sttt st sttt s 775
34.4.5 DAC Control RegiSter I (DACK_C1)..eouiiiiiiiiieiiie ettt sttt ettt et et sbe e e 776
34.4.6 DAC Control Register 2 (DACK_C2) ..ottt ettt ettt ettt sbe et e ee e e naeeeeenes 777
34.5  FUNCIONAL AESCIIPLION. ..c..eeutiiiitietiete ittt ettt ettt ettt et s bt et sbe e st sbe et s bt et e bt e s bt eb b et e ebe e bt ebeesbeentesbeenaesbeen 778
34.5.1 DAC data DUTTEr OPETAtION. ... .eiiiiiiiiiiieie ettt ettt et e st e bt e s bt e st e et e sabeesaeeeanes 778
3452 DIMA OPETALOMN. ..c.veuitiiiieiieiteit ettt sttt sttt sttt be ettt ettt et e s e st e bt sae et e ebesbeebeeaees e e st eneenn et entennenaennen 779
BA.5.3  RESELS. .ttt bbb ettt ettt st 779
3454  LOW-POWET MOAE OPETALION. ....ccuuiiiiiieiieiiieeiteeriie et te sttt et e st e bt e st e e sabeebeesab e e bte e beesaseenbbeeseesaseenssesnseenns 779
Chapter 35
Voltage Reference (VREFV1)
35.1  INEFOAUCTION. ...ttt e s e bbb b e sa e 781
35.1.1 O VBIVIBW ...ttt ettt ettt e e et e bt et e e bt et e ea e bt em b e es e bt em e es e em et en b e es e emt e em s e es e emteemeeebeenteen e e bt enseesee bt eneeeneenaeenes 782
35.1.2  FRALUIES. ...ttt ettt ettt st st 782
35.1.3  MOAES Of OPCIALION. ...ccuuiiiuiieiiiieiitieeiit ettt ettt ettt et e e e et e e b e e abee s bt e eabeesabeesaseesabeesabeesabeesaseesaseennneenes 783
35.1.4  VREF Signal DeSCIIPIONS. ....cueeitieiiiiiietiett ettt ettt ettt et est e et et e este e st e et e enteenteebeenteenseeseenseenseeseanseans 783
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 29

General Business Information



h o
g |

|
Section number Title Page
35.2 Memory Map and RegiSter DEfINItION. ......covuiiiiiiiiiiiiieiiiesieeiee ettt ettt ettt st e bt ebeesabe e st e ebaesabeenaee s 784
352.1  VREF Trim Register (VREF_TRM).......ccccciriiniiiniiinieinieinietre ettt ettt sttt sttt 784

35.2.2 VREEF Status and Control Register (VREF_SC)......cocuiiiiiiiiiiiiiiniiieneceneeeeeest ettt 785

35.3  FUNCHONAL DESCTIPLION. ...eeuiiiiiiieiiiieiieeitte sttt ettt ettt et e st e et e et e e s bt e e bt e sat e e b tesabe e bbeeabeessteensaesaseenbaesnseenanean 786
35.3.1 Voltage Reference Disabled, SCIVREFEN] = 0.......cccuiiiiiiiiiiieieee et 786

3532 Voltage Reference Enabled, SCIVREFEN] = 1......cooiiiiiiiiiiiiiceee ettt 787

35.4 Initialization/Application INFOTMAtION. .......c.eiiiiiiiiiiiieeie ettt ettt et sb e st e e bt e sabeesabeenaee s 788

Chapter 36
Programmable Delay Block (PDB)

36.1  INEFOQUCTION. c....ciiiiiiiiiiiiciccc ettt e s e e b s ea e ea e b s saeen e s a e 789
36.1.1 FEALTUTES. ...ttt et e bt e b e e et e s ab e e eabe e b b e et e e sab e e sabe e bt e ebeeearee e 789

360.1.2  IMPIEIMEIEATION. ¢..eeuteiiiiiiiiiiierieete ettt ettt ettt et ettt e bt s bt s bt e bt et satesae e bt eat e e bt e sbe e bt esbeebbesbeenbeens 790

36.1.3 Back-to-back acknowledgment CONNECLIONS. ......cc..eiruiiiiieriieniieeieeriie ettt ettt ettt et ebee s esaee s 791

36.1.4  DAC External Trigger INput CONNECTIONS. .....cc.eeureuiiriiriiniiriietieiteeetet ettt ettt naennes 791

360.1.5  BIOCK QIAZIAIMN......eouiiiiiiieiiieiteteet ettt ettt ettt b et b e b et e bt e bt et e ebt e bt eabeebse bt enbeebaenbeens 791

30.1.6  MOAES Of OPETALION. ....ueieuiieeiieiiieeite ettt ettt et e bt et e e bt e sabeesabeesabeesateesbbeeabae e baeeaseesabaesabeesabaenaneenns 793

36.2  PDB SigNal deSCIIPLIONS. ...c.eiuiiuiiuiiiietiiiietietiet ettt ettt sttt sttt sttt besa e et besb e st be bt ea e be s bt sa e b saesaeebesaesa e b e sbesaenen 793
36.3 Memory map and re@ister defINItION. ......co.eeuiriiiiiiiireii ettt ettt sttt ettt ettt et 793
36.3.1 Status and Control Register (PDBX_SC)......coiiiiiiiiiiiiieieeeeeete ettt ettt s e es 795

36.3.2  Modulus Register (PDBX_IMOD)......c..coiiiiiiiiieieeieteee ettt sttt st ettt se e b e e seenes 797

36.3.3 Counter Register (PDBX_CINT)....couiiiiiiiiiieiiertereet ettt sttt st 798

36.3.4  Interrupt Delay Register (PDBX_IDLY ).cc..ciiiiiiiiiiiiiit ettt st 798

36.3.5 Channel n Control Register 1 (PDBX_CHACT)........cooiiiiiiiiieiieieeeeeee e 799

36.3.6 Channel n Status Register (PDBX_CHAS)......cccuooiiiiiiiiiiiiteteee ettt 800

36.3.7  Channel n Delay 0 Register (PDBX_CHADLY0)....ccccuttiiiiiiieiiieiiie ettt ettt e 800

36.3.8  Channel n Delay 1 Register (PDBx_CHADLY 1).....cccoiiiiiiiiiiieiieeiieeese ettt 801

36.3.9  DAC Interval Trigger n Control Register (PDBx_DACINTCH)......ccccocerviiriieiniiiiiiiiieeieeieeieeeeeeeiens 801
36.3.10 DAC Interval n Register (PDBX_DACINT).....cccctiiiiiiiiiiiieiterieesite ettt ettt st ettt e s esanee e 802
36.3.11 Pulse-Out n Enable Register (PDBX_POEN).......c.cccoiiiiiiiiiiee et 802

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
30 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
36.3.12  Pulse-Out n Delay Register (PDBX_POBDLY ).....cooiiiiiiiiiiiiiieiiieeteeee ettt 803

30.4  FUNCHIONAL AESCIIPLION. .....eeutitieitt ettt ettt ettt ettt et et e bt e s e bt e st e sbeeaeesbeemeeebeeabeeseemteeseenteeneenseenee st eneesseensesneensesnean 803
36.4.1 PDB pre-trigger and trig@er OULPULS........couertertietentietertteteettenteeitente st et ettesbe et e st e eatesbe et e sbeentesseeaesseenaesaees 803

36.4.2  PDB trigger inPut SOUICE SEIECTION. ....cccuuiiiiieriieritieriteeet et et et e st e st esbeesebeesabeesabeesabeesabeesaseesaseananeenes 805

36.4.3  DAC INterval triZZET OULPULS. ... .eouieteitieteeiierteetterteetteteette bt enteeteeatesteeneesaeentesaeeseeseenbeeseenbeasseseeneenseeneenseanes 805

3044  PUISE-OULS ..ottt et e e h ettt 806

36.4.5 Updating the delay TEEISIEIS. ....ceuvtiuiiiiieiie ittt ettt ettt sttt st e st e et e st e sbbesabeesabeebeesabeesaeesases 806

T T U111 0 11 o] £SO OO PSPPSR 808

3047 DIMA o et et s h e ettt s 808

36.5  APPLICAION INTOTIATION. ..ccuutiiitieiitieiieeittest ettt ettt e sht e e bt e sttt e bt e et e e beeeabeesabeebtesabeesbeeesbeessteestesaseenbaesnseenanean 808
36.5.1 Impact of using the prescaler and multiplication factor on timing reSOIUtioN. .........cocueevuieriieneeeieeieeeene 808

Chapter 37
FlexTimer Module (FTM)

371 INETOQUCTION. c..eiiiieiieiteiteteettete ettt sttt ettt e ettt e et e bt eat et e st e bt e bt ebe et e e bt eueeb e ebesbeebeebesbesaenen 811
37.1.1  FleXTimer PhilOSOPRY.....cctiiiiiiiiiiiiiiieete ettt ettt ettt sbe e bbbt e et e sbnenaeens 811

3712 FRALUIES....cviiiiiiiiicc et s 812

37.1.3  MOAES OF OP@TALION. .....etieutieiieiiie ettt ettt ettt ettt et et e bt et eatees e e s bt e b e eabeeaeesaeesbeenseenteeseesseenseenseensenseanseans 813

37.1.4  BIOCK QIAZIAIMN......eeutitiiiieiieetieieet ettt ettt ettt ettt b bttt e bt b et eb e e bt et e ebae bt eabeeba et e enbeebaenaeens 814

37.2  FTM SIZNAL AESCIIPLIONS. . eeuutteiteetieeiieetteetee ettt e ste e sttt e sttt ettt e beeeabeesabeeeabeesabeessbeeasteeasbeaabbeeaseesabeeenbeesateessseenseeensseenseean 816
37.3 Memory map and re@ister AefINItION. ......cc.eeuiiieriiiiete ettt ettt et te bt ee st e et e s bt e ae b e et e ebe et e ene et e eneeneeenee 816
37.3.1 IMIEIMOTY TIAP .. etevtenteeitiettete ettt ettt ettt ettt e ht bttt ebtesb et ebe e bt eat e eb e e sbeeat e e bt e nbe et e bt e sbeent e eaeesbee bt eseenaeenaeeaee 816

37.3.2  REGISIET AESCIIPIIONS. c.eeeutititieeitieritt et et ettt ettt et e st esate e bt e st eesabeesabeestesabeesabeebeeabeesabeesabeebeeebaesaneenns 817

37.3.3 Status And Control (FTIMX_SC)....ooi oottt e e et e e e e e ettt e e e e e e eeennaraereeeeeeannees 823

3734 CoUNET (FTIMX_CINT) ...ttt et e ettt e ettt e et e e e e abeeeeeabeeeetsaeeetseseeaseeeeasaeeeaseeann 824

37.3.5  Modulo (FTMX_MOD).. ..ottt 825

37.3.6 Channel (n) Status And Control (FTMX_CHSC)...c.uviiiiieeeeeeeeeee et 826

37.3.7 Channel () Value (FTIMX_CIV ) .....ooiiiiiieeeee ettt e e e e aa e e s ta e e e eatseeearaeeeaseeaas 828

37.3.8 Counter Initial Value (FTMX_CNTIIN).....cuviiiiiieiieee et ee e e e e e eatae e e e e e eeaaaaeeeeeeas 829

37.3.9  Capture And Compare Status (FTMX_STATUS).......cceriirimirinininenieene ettt 829

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 31

General Business Information



h o
g |

|

Section number Title Page
37.3.10 Features Mode Selection (FTMX_MODE).........ccuvuiiiiiiiiiieieee et 831
37.3.11  Synchronization (FTIMX_SYNOC) .. ..ottt ettt sttt ettt st ee ettt e esee bt et e entesseeneeens 833
37.3.12 Initial State For Channels Output (FTMX_OUTINIT).....c.ccoceriiiriiniiiiniiieiieeeienieeesteie e 836
37.3.13  Output Mask (FTMX_OUTMASK).......ccoriirieiitieeieeteteeee ettt 837
37.3.14  Function For Linked Channels (FTMx_COMBINE)...........ccceiiiiiiiiiniieiieiteeieesee ettt 839
37.3.15 Deadtime Insertion Control (FTMx_DEADTIME)...........cooiiiiiiiiiiieiiee e 844
37.3.16 FTM External Trigger (FTMX_EXTTRIG)......ccccoiiiiiiiiiiiiiteeiteceeett ettt ettt st 845
37.3.17  Channels Polarity (FTIMX_POL)........cctiiiiiiiieieetee ettt ettt ettt eseesbe et eeneeneeans 846
37.3.18 Fault Mode Status (FTIMX_FIMS).......cooiiiiiiiiiieiie ettt et e e ta e e e asae e teeeeaseeeeaneas 849
37.3.19  Input Capture Filter Control (FTMX_FILTER)........ccccutiiiiiiiiiiiiiiteieesiteeee ettt 851
37.3.20  Fault Control (FTMx_FLTCTRL)......ccccctriiiiriiieiirtcieeieet ettt 852
37.3.21 Quadrature Decoder Control And Status (FTMx_QDCTRL)......c..ccooiiiiiiiiiiiiiieeiee e 854
37.3.22  Configuration (FTIMX_CONEF).......cccocciiriiiiiiiicieteesee ettt ettt 856
37.3.23  FTM Fault Input Polarity (FTMX_FLTPOL)........ccccctrttiiiiiinieiniireet ettt 857
37.3.24  Synchronization Configuration (FTMX_SYNCONF)......c.cccoctiriiriiiiiiiniiienteeneseeestee et 859
37.3.25 FTM Inverting Control (FTMX_INVCTRL)........ccoociiiiiiiiiiiiciceceeeeeeeseee e 861
37.3.26  FTM Software Output Control (FTMX_SWOUCTRL).......ccccteiiiiiiieiieieeieeeet et 862
37.3.27 FTM PWM Load (FTMX_PWMLOAD)........cccccttimiiiiiniieintetetniet ettt 864
37.4  FUNCHONAL AESCTIPIOMN. ..cuuiiiiiiiiieeiieeite ettt ettt et ettt e e st e et e e s bt e e bt e s st e eab e e sabeeabeesabeeaseenbbeenbeenbeesabeesstesabeesabesnseenns 865
374.1 CLOCK SOUICER. ...ttt ettt ettt ettt ettt ettt e at et e s ate bt e st e e bt emaees e e bt emeeebeembeeseenteen e e bt enseeseeneeeneenseenes 866
3742 PIESCALT....cuiiiiiiiciie e ettt st st 867
3743 COUNMLBT ...ttt e a e s e bbb e a e s e a e b ae e 867
37.4.4  INPUL CAPLUIE TOUE. ....c.eiiuieiietieiieiteete et ettt ettt ete et et et e eae e et e eeees e e bt eneesseensesseebeemeesbeensesseenseeseenseennennnans 872
3745  Output COMPATE MIOAC. ...c..eeuiiriiiiiiiieiteettete ettt ettt ettt et eat et e et ebe e st e e bt es b esbe et e eateebeesbeesbeebeebeensesbaenseans 875
37.4.6  Edge-Aligned PWM (EPWM) MOME........ccooiriemimiiiiiiiieieiiieieieestceie ettt 876
37.4.7 Center-Aligned PWM (CPWM) MOME.........coouiiiiiiiiieiieeie ettt sttt e et et 878
37.4.8  COMDINE MOUEC......c.oouiiiiiiiiiiiiiiiieiiei ettt ettt ettt ettt a e st a e s 880
37.4.9  CoOmMPIEMENTATY TNOUE. .....eiitieiiieiitieriteette et ee ettt ettt e st e e bt e s bt e sabeesa b e ebeesabeesabeebeeebtesabeesabeenseeebaesaneen 888

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
32 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
37.4.10 Registers updated from Write DUITETS.........coviiiiiiiiii e 889
37.4.11  PWM SYNCHIONIZALION. ...c..eveiiniiiieiieiieiieiteit ettt sttt ettt ettt st sttt a et e et ebeebesaesaeas 891
37412 TIVEITINE. ettt ettt ettt b et ea e bt et e a e e bt et e eb b e bt ea bt e bt e sh e e et e ebs e bt ea b e ebbe bt enbeebbe bt enbeebnenbeens 907
37.4.13  SOftWare OULPUL CONIOL....cc.uiiiiiiiiitie ittt ettt ettt e st e st e et e st e e bt e sabeesbtesabeesabeeabeesabeenseesabeensbeenseenns 908
37.4.14  DeadtiMme INSEITION. .. .eeuveiueeteeteeitesteerte et etteste et eatesttesteeaaeseeesteenteeseeeseenteeseeeseenseanteeneeaseanseenseeseanteensesseanseans 910
37415 OULPUL TNASK.c..eetiiiiiiiiiicete ettt ettt et h et ea e e bt et e e e bt e bt eat e bt e sbe et e esbesbeenbeenbesbaenbeens 913
37416 Fault CONLIOL.....couiiiiiiiiiiiiiiiiiici et s 914
37417 POIATILY CONLIOL....eiuiiiiiiiiiiiiiitieieeit ettt sttt ettt ettt et ettt ettt et e ae bttt besae bt besae e nes 917
37418 INIHALZALION. ....eoueiuiiiiiiieiieiiet ettt ettt s e b e s e b e et et ettt 918
37419 FEAIUTES PIIOTILY cuveeruteeritietieeiteetee sttt e sttt ettt etee sttt esateeabeeebtesateesabeebeeeabeeeabeessbeesteeabeeenbeesaseesabeanseesnbaenaseenns 918
37.4.20  Channel triZZET OULPUL........ceuiteitiriirtertertiett ettt sttt ettt ettt e et sae et eat bt et et ebeseeebesbeeue e st eneennenaennen 919
37421 INIHAIZATION TG c..eetieitiiiitieteete ettt ettt ettt ettt et b et e b et s bt e bt sbte bt ebbe b e eb b e bt ebee bt entenbeenee 920
37.4.22  Capture TESE MOMEC. ....ccuuieiiiiriiieiiie ettt ettt ettt et e e st e st e e bt e e ateeabeesabeesateesabeenbteebbesnbeesnbeennneen 922
37423 DIMA ..ottt h bbbt h et h bbbt h b st h e bbbttt nes 923
37.4.24  Dual Edge Capture MOE..........cc.eeuiriiriiiiiiieiienieeie ettt ettt ettt sttt et sat et e st ebte bt enbeeabesbaenaeens 924
37.4.25 Quadrature DECOAEr MOME. ........cccuviieiiiiieeiii ettt e et e ettt e e ette e e st e e e etaeeestabeeesstseeeensseeeasssaeeessseaesnssseesnssees 931
37420 BDIM IMOMC... ..ottt ettt bbbt h et s bbbt b et s bbbt ns 936
37.427  Intermediate 10ad.......c.couiviiiiiiiiiiiiiie et 937
37.4.28 Global time base (GTB).......c.ccueirieiriiiiieiecece ettt ettt nens 939

375  RESCE OVEIVIEW....ueitieuieiuieteeiteeteete et e st eate et e eateete et e eaeeeseemeeeaee bt eaeeeseemeeeae e beemeeeseemseeseenseem e e bt emteeseenbeessenbeenseeseenteeneeneeenee 940
37.0  FTIM INEETTUPLS . .cueeteenteiitenteeite sttt ettt ettt ettt eat e bttt e bt et e a e s bt e st sb e e bt e bt e s bt eaeesb e e bt eb b e bt eabeeb e en bt et b e bt eatesbeenteebeeaeenee 942
37.6.1 Timer OVETTlOW INLETTUPL.....ccoueiiiiiiieeieiie ettt st et e st e b e e st e bt esabe e bt esabeenbeesaeen 942

37.6.2 Channel (1) TNEETTUPL. ....c.eetieietiee ettt ettt sttt ettt et b et e st e b e st e e bt enbees e e bt enteebeeneeeneenaeenes 942

37.0.3  FaUIt INTETTUPL..c.eeetiiiiiiiieiteet ettt et ettt b ettt e b e s bt e s bt e bt et e s bt e sbeenbe e bt esteebtesbeenbeens 942

Chapter 38
Periodic Interrupt Timer (PIT)

381 INIFOQUCTION. ..ttt ettt ettt et ekttt et ea e ae e bt e b e e bt ebeeb e ebesbeeb e b saeeaenes 943
38.1.1 BIOCK QIAGTAIMN. ...ttt ettt et et e st e s bt e e bt e s bt e sab e e bt e ebeesabeesabeeaeeeates 943

B8.1.2  FRAIUIES. c..eeiutii ittt ettt ettt e s bt e a e bt et eeh e b bt e bt e ea bt e ea bt e b et e bt e et e eeateeebeeebeeeaeena 944

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 33

General Business Information



h o
g |

|
Section number Title Page
38.2  SIZNAL AESCIIPIION. .eeuutiiutieiie ettt ettt ettt ettt et e et e bt e sab e e bt e sh et e bt e subeaa bt e s abeeabeesabeenbeesateenbeesaseeabeesabeenbeesabeenseennnean 944
38.3  Memory map/reZiSter AESCIIPIION. ....eruervieiirtietieterit ettt ettt ettt ettt ettt ettt ettt ettt et et e s et et s e e et e senaentesbesaenen 945
38.3.1 PIT Module Control Register (PIT_IMCR)......cccciiiiiiiiiiiiiinieeeteeteeeee ettt e 946

38.3.2 Timer Load Value Register (PIT_LDVAL)....cccooiiiiiiiiiinieeieesteetet ettt s 946

38.3.3 Current Timer Value Register (PIT_CV AL ...cc.ooiiiiiieieee ettt 947

38.3.4 Timer Control Register (PIT_TCTRL).....cccvoiiiiiiiiiireeieitetet ettt 947

38.3.5 Timer Flag Register (PIT_TEFLG)......cccuiiiiiiiiiiiecitete ettt sttt st 948

38.4  FUNCHONAL AESCIIPIION. ..c.veutintiiieiieiieiteiieitet ettt sttt ettt ettt a e bttt b e s bt et b e et et et et easestebeebeeuesbesaeenesuenaens 949
38.4.1 GENEIAL OPCIATION. c..c.eteatientieitett ettt ettt ettt a e bttt b e bt et e bt e bt e st eb e e bt e st e ebt et e e st e ebee bt eseesbeenaeenee 949

3842 TILEITUPLS . .eeeutieiutieetieetteette et e ettt ettt e bt e et e e sabeestte et e e eabeesat e e abeeabeeeabeesab e e bt e easeesabeeeabeenbaeenbtesabeesabeesaeebeesnbeen 950

38.4.3  CRAINEA TIMIETS. ... eetieitieiit ettt ettt et ettt e ke et e st e et e e bt e bees b e saeeebeenbeembesaeesaee st enteeseeeneenseanteeneenseanseans 951

38.5 Initialization and application INFOITATION. ....c..cecuiittitirtieiieiiete ettt ettt ettt ettt et eatesbeentesaeenaesieen 951
38.6 Example configuration for Chained tIMETS........cooutiriiiiierieiiieiie ettt ettt ettt st e satesabeesbbesaneenee 952

Chapter 39
Low-Power Timer (LPTMR)

3901 INEFOAUCTION. ...ttt ettt s e b s bbb e sa b s ea e 955
39.1.1 FEALTUTES. ...ttt sttt e bt e b e e et e s et e e ebte e b e e et e e sabeesabe e bt e ebeeearee e 955

39.1.2  MOAES Of OPETALION. .. ..etiiutiiiiiiiiiitterit ettt ettt ettt ettt ettt b e be et e et s et e sbeesae e bt eatesbeesbeenbeesteebtesbeenbeans 955

39.2  LPTMR SiZNAl AESCIIPHOMNS. ...eeutieiteeiiieiieeette ittt ettt ettt et e st e et esat e e sate ettt ebteeabeesabeeeabeesabeenateeabbeenseesabeesnseesnseenaseenseean 956
39.2.1 Detailed Signal deSCIIPLIONS. ......eouitiriirtirtirtietieit ettt sttt sttt ettt et ettt sbesae bt ebesae et easessenaennenaens 956

39.3  Memory map and re@ister defINItION. ......cc.eeouiriiriiiiiriit ettt ettt ettt s b ettt e 957
39.3.1 Low Power Timer Control Status Register (LPTMRX_CSR).....cccueiiiiiiiiiiiinieiiciieeeeeeese e 957

39.3.2  Low Power Timer Prescale Register (LPTMRX_PSR)......ccciiiiiiiiiiiiieieeeeee e 959

39.3.3  Low Power Timer Compare Register (LPTMRX_CMR).....c..cocoriiiiniiniiiiniiiiciicnieeiesteieeesieeeeee s 960

3934 Low Power Timer Counter Register (LPTMRX_CNR)........coiiiiiiiiiiiiiiiiieieeieee e 961

39.4  FUNCHONAl AESCIIPIION. ..c.veutiutiuieiieiieiieiieitet ettt ettt ettt ettt et ea bbbt e b e s bt et a et et et et eaeestebeeueebesbesaeebesuenaens 961
39.4.1  LPTMR POWEE QN TESEL....cueiriiiiiiuiieiiiieetteite ettt ettt ettt ettt eat e ebt et e bt et e st e et e e bt esbe et e eabesbeenbeenbesbaenteans 961

3942 LPTMR CIOCKINE. ...c..cuiriiuiriiiiiiiiiiieietetetete ettt sttt ettt st st e e sae et eeneneas 961

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
34 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
39.4.3  LPTMR prescaler/glitCh fIlLeT.......c..oiiiiiiiiiiiiiie ettt ettt et sttt et e baesaaee e 962

39.4.4  LPTMR COMPAIE......cceoiiiiiiiiiiiitieie ittt ettt st s e ae st e b s b ese et e e esa e e eaeees 963

3945 LPTMR COUNLRL....ccutiuiiuiiiieiiiiieititecie sttt st ettt st e et b et saenes 963

39.4.6  LPTMR RardWare trIZ@ET.....cc.ueeitiieiieriieeiieeieesiteeite st et e et e sibe e teesabee s bt ebeesabeesbteebeesaseesbbeeseesaseenssesnseenas 964

3947 LPTMR INEEITUPL. c.cvititietiietetetet ettt ettt ettt sttt ettt ettt et ea e bt be et et be sttt et et an et entebeebesuesaeas 964

Chapter 40
Carrier Modulator Transmitter (CMT)

L0 T 113 o L1 s (o) WO OSSR USRURRSRRPRTIR 967
40.2 FRAIUIES. ...ueuiiieiieiieteet ettt a bbb bt b e e a e b b et h e h e et b h e e e b e a e eh e b e eh b e s a b s a e et b e sae et 967
40.3  BLOCK QIAZTAIMN. 1...tteutteiitieiiieeite ettt sttt ettt ettt e sttt e bt e s b e e bt e e bt e eab e e bt e sabeesabeeabbeeabeeasbeeastesab e e bbeenbeesabeenbbesnbeean 968
40.4  MOAES OF OPETALION. ...c..eviiieiieiieiieiteiteit ettt ettt et et ettt bt ettt be bt bt s bt bt e bt e st bt e st e st eas et e e et et entensenaentenenaennenee 969
40.4.1  Wait MOAE OPETALION. .....eiuteiieniieiteiteteeiteett ettt ettt ettt et eat et e bt ea b e bt et e eatesbe e bt eateebee bt eateebeenbeentesbeeneeenee 970

40.4.2  StOD MOAE OPETAION. .. uveieuiieiutieeiteritteeite ettt ettt ettt et e ettt ebtesabeesabeeeabeesabeesabeesabeesaseensseasteenbaeanseesabaeenseesases 971

40.5 CMT external SigNal AESCIIPLIONS. ....evetitiiititenterteterte ettt ettt sttt ettt ettt ea ettt eas et e s et et et ennenaenenaenaennenee 971
40.5.1 CMT_IRO — INFTared OULPUL.......couiriiiriieiietieit ittt ettt sttt st eae et bt e nae e eae 971

40.6  Memory mMap/reZIStET AETINMTLION. .....cc.viiitiiriiieiie ettt ettt e bt e et esbb e e b e et e e eabeesabeesabeebteesbaesabeesnbeesnneenes 972
40.6.1 CMT Carrier Generator High Data Register 1 (CMT_CGHI).....cocceoviiiiiinininiiiiicicicneneneeeeeeeeiens 973

40.6.2 CMT Carrier Generator Low Data Register | (CMT_CGL1).cc..cccuiiiiiiiiiniiiiiiiiiiienieieieeeeeee e 974

40.6.3 CMT Carrier Generator High Data Register 2 (CMT_CGH2).......ccccoviiiiiiiiiiiniiiniieeieceeeeeeee e 974

40.6.4 CMT Carrier Generator Low Data Register 2 (CMT_CGL2).....cccueiiiiriiiiiiiieiieeeeeeeeeeeee e 975

40.6.5  CMT Output Control Register (CMT_OC).....ccc.eeruiriiriiiiiiiiiieeiteeitesitesite ettt ettt 975

40.6.6 CMT Modulator Status and Control Register (CMT_MSC)......cooiiiiiiiiiiiiiiieiiieeeteseeeee e 976

40.6.7  CMT Modulator Data Register Mark High (CMT_CMDI)......ccccccoiinininiiiiiiininintceceeiene st 978

40.6.8 CMT Modulator Data Register Mark Low (CMT_CMD2).....ccccovuimiininiinieniiieneenieeie e 979

40.6.9  CMT Modulator Data Register Space High (CMT_CMD3).......cocouiiiiiiiiiiniieiiieeeeeseeeiee et 979
40.6.10 CMT Modulator Data Register Space Low (CMT_CMD4).......cccoocieieieiiiiininiinienineneeeeeeeeeeereseesnenaens 980
40.6.11 CMT Primary Prescaler Register (CMT_PPS)....c..cooiiiiiiiiiiiieeeeeeee e 980
40.6.12 CMT Direct Memory Access Register (CMT_DIMA).......cooiiiiiiiiiieiiierieeiie ettt 981

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 35

General Business Information



h o
g |

|
Section number Title Page
40.7  FUNCIONAL AESCTIPION. ¢...eeiutteiieeittetie et eette ettt ettt et e bt e st e esbeesab e e s ateeabeesbeeeabeebeesabeesatesabeessbeeabeenbbeenbeenbtesabeenaeesases 982
40.7.1 (31073 | 1 U 1<) OO PRTR 982
40.7.2  CAITICT ZENEIAIOT ... eeutteutieitetteteetteetteettete et e ettesteenteeateette st e e bt eateesaesbe e b e eabesbeesbee bt eneeeatesbeenaeenteeatesbeenaeeneeenee 982
40.7.3  MOAUIALOT.......ooiiiiiiiiiiiiiiii et e 985
40.7.4  Extended SPACE OPETALION.......c.cetrtirtiriirtietirtentitetet ettt ettt ettt ettt ettt e et e et eaeeueebeeaesaeere b nae 989
40.8  CMT Iinterrupts and DIMIA ... ...coouiiiiiiiieiie ettt ettt e be et et st sb e et e et s st e sbe e bt enbesbeesbeebeens 991
Chapter 41
Real Time Clock (RTC)
411 INEOAUCHION. ....cuiiiiiiiieicctc et ettt et b et ettt et et et ea et e st bt eb e eaeeaeebeeae et ebe e 993
G111 FRAIUIES. ..ottt s et a e s 993
41.1.2 MOAES Of OPETALION. c..c..etitiiietieiteiteit ettt ettt ettt sttt ettt b ettt st et s bt saeebeeseean et e s ennenaens 993
41.1.3  RTC Signal DESCIIPIONS. c...coueirtieitiiteitieiteeiteett ettt ettt sttt ettt sat e s bt et et ettt ee e sbaesbeesbeenbeenaeemeeeaee 994
412 ReEGISIET AEIINIIION. ..e.uttiiieiiiieitieet ettt ettt et e bttt e bt e st e s bt e eab e e bt e eab e e bt e s abeebbesa b eesseeeabeenbeeenbeenbeesabeenaeesates 995
41.2.1 RTC Time Seconds Register (RTC_TSR).....cc.oeiuiiiiiieiieieeiestee ettt 996
41.2.2 RTC Time Prescaler Register (RTC_TPR)......ccocoiiiiiiiiiiiiiiieceteeeee et 996
41.2.3 RTC Time Alarm Register (RTC_TAR).......coiiiiiiiiiiiieie ettt ettt 997
41.2.4  RTC Time Compensation Register (RTC_TCR).......cccoecieiririiiiiiiieieieteetecteenecereseesaesre e 997
41.2.5 RTC Control Register (RTC_CR)....cueiiiiiiiiiiieiiiicieetee ettt sttt et 998
41.2.6  RTC Status Register (RTC_SR)......ccccoueiriiiiiiiiiiieieteeet ettt 1000
41.2.7  RTC Lock Register (RTC_LR)..c..coruiiiiiriiinieiiiteiiieetestei ettt sttt sttt sttt 1001
41.2.8  RTC Interrupt Enable Register (RTC_IER)......cccccoiriiriiiiniiiiiieieiteeeteeeteeeese ettt 1002
41.2.9 RTC Write Access Register (RTC_WAR).....coouiiiiiiiiieieie ettt s 1003
41.2.10 RTC Read Access Register (RTC_RAR)......couiiiiiiiieiieeee ettt 1005
41.3  FUNCHONAL AESCTIPIION. c..cutiiteuiieititeettente ettt ettt ettt ettt bt et eb et eb e e sb e e st e s bt eate s bt estesbeesbesbeesbeebe et e ebeenaeebeeneeeaee 1006
41.3.1 PoOWer, CLOCKING, QN0 TESEL.......eiitiiiiieiiieeiie ettt ettt ettt et e e bt e et e e b e e st esabeeenbeesabeeenbeesans 1006
41.3.2  THINC@ COUMIET....eeutieutietietietteuteette et et eeteette bt enteeseeeseen bt enbeeeeees e e bt eabeemeeebeenbeamsesmeesseenseemseemeesaeenseensesneenaeenseenee 1007
41.3.3  COMPEISALION. ....eeiiniieititteitenttete st et sttt stt et ett et eat e bt ea e e ebeestesb e e bt sbeenbeebte bt eb b e bt eatesbeesteebeenteebeentesseenaeeneen 1008
41.3.4 TIME QLA ..ottt et s 1008
41.3.5  UPAALe MOGE....c..cuiiiiiiieieeiieite ettt ettt ettt sttt et e be e bbbttt ettt aenenae 1009
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
36 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

Section number Title Page
41316 REZISIET LOCK. ...eiiiiiiiieiieeee ettt ettt e s it e st ettt e s b bt e bt e e bt e e bt e sabaeenbeesabeeenseesates 1009
4137 ACCESS COMIIOL. ettt ettt ettt et ettt ettt e et et e e ateeh e e teemteea e e sbeemteeaeeese e bt emeeeseenseeneesneenseenes 1009
41308 INECITUPL. c.contiiiieieite ettt ettt ettt a et s b et e s e e sb e et e e bt e bt e bt e bt e et e e bt et e et e e bt e et e bt et sbe e b enee 1009

Chapter 42
Universal Serial Bus OTG Controller (USBOTG)

421 INEOAUCHION. ....cuiiiiieiieice e ettt a et ettt ettt ettt e st e a bt e b ebe b sae et ae 1011
4211 USBoce ettt st 1011
42.1.2  USB ON-TRE-GO. .ttt sttt sttt st ettt b et e b et b e bt be et b e 1012
4213 USB-FS FEALUIES......cceiiiiiiiiiiiiciiciciiec ettt ettt e e 1013

422 FUNCHIONAL AESCTIPION. ¢...eeutieiieeiteetie ettt sttt ettt et e bt e bt e bt e e bt esateeabeesbeeeab e e bt e s abeesstesabeessbeeabeesbbeenbeenseesabeenaeesases 1014
42.2.1 DALA STIUCTUTES. ... eneeeieeite ettt ettt e b e bttt e s a bt e bt st e e bt e e b et e bt e sateesbteeabeesateenbeenane 1014

423 Programmers INEETTACE. .......coueiuiitirtietertt ettt ettt ettt ettt s bt et e et e b e e st eb s e bt e st e e bt e bt eabesbe et e eabesbeenbeeanenbeens 1014
42.3.1 BUffer DeSCIiPtOr TabBIE........ciiiiiiiieiiiee ettt ettt st e st e ite e bt e e bteebeeenbeesats 1014
4232 RXvs. TX as a USB target device or USB ROSE.......c.coiiiiiiiiiiiiiiieiieieee et 1015
4233 AdAressing BDT @NIIES......cc.eeruiiiiriiieiienieeieeit ettt ettt ettt ettt bt e bbbt ettt sbe e e eaee 1016
4234 Buffer DesSCriptors (BIDS)... .o uiiuuiiieiiee ittt ettt ettt sttt ettt et e st e e eats 1016
T T B U 2 4 21 1T T (o)  FO OSSPSR 1019

424  Memory map/Register AefINItIONS. .......couiriiriiiiiiiriieteete ettt ettt sttt e bt et e sbe e et et eaeesbeenbeens 1021
42.4.1 Peripheral ID register (USBX_PERID)........coiiiiiiiiiiiiie ittt st st s 1023
42.4.2  Peripheral ID Complement register (USBX_IDCOMP).......c.cccciiiiiiiiiiiiiiieieeeeeee e 1024
42.4.3  Peripheral Revision register (USBX_REV)..c..cccoiiiiiiiiiiiiiiiceeetee et 1024
4244 Peripheral Additional Info register (USBX_ADDINFO)........cooiiiiiiiiiiiiiieieecitece e 1025
42.4.5  OTG Interrupt Status register (USBX_OTGISTAT)....cccutiuiiieieie ettt 1025
42.4.6  OTG Interrupt Control Register (USBX_OTGICR).......ccccovuiriiniiiiniiiiiiiieitee et 1026
4247  OTG Status register (USBX_OTGSTAT)......coeoiiiriiiieieereeereee ettt 1027
42.4.8 OTG Control register (USBX_OTGCTL)....c..oeiuiiiiiietieie ettt ettt s 1028
4249  Interrupt Status register (USBX_ISTAT)...couiiiiiiiiiieiieieee ettt e e 1029
42.4.10 Interrupt Enable register (USBX_IINTEN)......ccooutiiiiiiiiiiiie ittt ettt 1030
42.4.11  Error Interrupt Status register (USBX_ERRSTAT)....ccccooiiiiiiiiie ittt 1031

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 37

General Business Information



h o
g |

|
Section number Title Page
42.4.12  Error Interrupt Enable register (USBXx_ERREN).......ccccuiiiiiiiiiiiiiii et 1032
42.4.13  Status re@iSter (USBX_STAT). .. ittt ettt et ettt ettt e be et e s et e b e eneenaeenee 1033
42.4.14  Control 1egiSter (USBX_CTL)..c..cociiiiiiiiiiieeieeeteetee ettt sttt 1034
42.4.15  Address register (USBX_ADDR)......cccoiiiiiiiiiiiec ettt ettt sttt 1035
42.4.16 BDT Page Register 1 (USBx_BDTPAGE]).......cccoitriiriiniiieinie ettt 1036
42.4.17 Frame Number Register Low (USBX_FRMNUML)........ccceiiimiimiiiiiiieeieiie ettt 1036
42.4.18 Frame Number Register High (USBX_FRMNUMH)......c.c.coiiiiiiiiiiiiiiiiiiiieciteeeeete ettt 1037
42.4.19 Token register (USBX_TOKEN)........cootiiiiiiiiieeeee ettt ettt ettt b et e e e 1037
42.4.20 SOF Threshold Register (USBX_SOFTHLD).......ccccccirtiiiriiiiiieieiteiecteeetee ettt 1038
42.4.21 BDT Page Register 2 (USBx_BDTPAGE2).......ccccccouiiriiiiiiiirieieeeeseeeeees et 1039
42.4.22  BDT Page Register 3 (USBx_BDTPAGE3).......ccociriiriiiiiiinie ettt 1039
42.4.23  Endpoint Control register (USBX_ENDPT).......cocoiiiiiiriiiiiiiiiienitceeteeeee ettt 1039
42.4.24 USB Control register (USBX_USBCTRL)........ccccoiiiiriiiiiiiiieeeereee e 1040
42.4.25 USB OTG Observe register (USBx_OBSERVE).........cooiiiiiiii et 1041
42.4.26 USB OTG Control register (USBx_CONTROL).....c..coocteriiiiiiiniinienieriestesitesitenteeie et 1042
42.4.27 USB Transceiver Control Register 0 (USBx_USBTRCO)........coooiiiiiiiiiiiiiiiieniterieeieeseee e 1042
42.4.28 Frame Adjust Register (USBx_USBFRMADJUST).....ccotiiiiiiiieiteit et 1043

42.5  OTG and HOSt MOAE OPEIALION. ....cuvetieutieitirtieteeit ettt ettt et ettt ett et eab e et e e bt ea b e ebe e bt eatesbeenbeebbesbeenbeeanesbeenbesbnenbeens 1044
42.6  Host Mode Operation EXAMPIES.......c.ceouieiiiiiiiiiieiie ettt ettt ettt e st e bee st e e sabeebeeesbeessteenbaeebeessseenbtesnseens 1044
427 ON-TRE-GO OPCIATION. ...ceutiiueetieiieetiete ettt ettt et et et e eate et eente et ee et eaee et e eneeeaee bt eseesaeeaeesseenseeaeeabeemseaseensesseeseeseenseennenseans 1047
42.7.1 OTG dual role A deVICE OPETALION. ......ccueiriiriiiriieiieitirieete ettt ettt ettt ettt et sbe ettt e et saeesaee e eae 1048

42.7.2  OTG dual 10le B deVICe OPETAION. ..c..ueiriiiiiiieiieetieeiee sttt ettt ettt ettt st e st e e sabe e s st e e sbteesaeesabeesabeesanes 1049

Chapter 43
USB Device Charger Detection Module (USBDCD)

3.1 PrEefACe.....ooiiiiiiici e e 1051
43.1.1 RETEIEIICES. ...ttt ettt et ettt a e e b et e et e eh et en e et e et e ese e bt enteese e bt eneeeneenaeenes 1051

43.1.2  Acronyms and abDIEVIAtIONS.......cc.uevuietiriieriirientiete ettt ettt sttt ettt ettt b et sbe ettt st e et sbee e enee 1051

43.1.3 GLOSSATY ..ttt ettt ettt ettt e st e s ht e s at e e bt e e bt e eab et e bt e e ab e e s bt e e ab e e ea bt e eht e e bt e e hte e baeebte et e e ebeenares 1052

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
38 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
43.2 INEOAUCTION. ....c.uiiiiiiiiiicc e ettt e a e e 1052

43.2.1 23 (o7 LT 1 1 4 ST PRRRPRPR 1052
43.2.2  FRAIUIES. ...ttt ettt h b e b e h e b ettt et ettt ettt a et sae e 1053
43.2.3  MOAES OF OPETALION. ....ccuueieiiiiiiieeiteetee ettt ettt et et e sttt e bt e eabee s bt esabeesabeesabeesabeesabeessseesteenbaeeseesabeeenseesases 1053
433 MoOdUle SIZNAL AESCIIPIIONS. ... eeutieutteuiiitieteeiteette et et te st e bt etesteeste e tesaeees e e bt eaeesaeenseemeeeseesseenseeneeaseenteensesneenseensesseanseans 1054
43.4  Memory map/Register AefINItION. ......c.eeruiiiiiiiieiiircee ettt ettt sb ettt sb e bt e sbeenbeeanenbeens 1055
43.4.1  Control register (USBDCD_CONTROL).......ccoccerieirieiiniiieierieieeeeteteeeeie ettt e 1056
43.4.2  Clock register (USBDCD_CLOCK).....cccctrtiriiirieinieiitentete ettt sttt sttt 1057
43.4.3 Status register (USBDCD_STATUS)....ccuoitiiiieiieieeeet ettt sttt st st 1059
4344  TIMERO register (USBDCD_TIMERO)........ccccccotiiriiiiiiiinieteeeeeseee ettt 1060
43.4.5  TIMERI register (USBDCD_TIMER).....cc.cctviriiiniiiiiiienetne ettt 1061
43.4.6  TIMER?2 register (USBDCD_TIMER2)........ccoceotiiiniiiniiiiinietnceeenet ettt 1062
43.5  FUNCHONAL AESCTIPLION. 1. eeiutietieeittetie ettt ettt ettt et e bt e e bt et e e sa bt e s ateeab e e sbeeeab e e bt e sabeesstesabeessbeeabeenbbeenbeenbeesabeenaeenases 1063
43.5.1  The charger deteCtion SEQUEIICE. .......ccoutetieeieuiertiatteiteettesteeteeteestesteenbeeaseeneesseebeensesatesseenseenseeneesneenaeeneeenes 1064
4352 INEEITUPLS ANA EVENLS....eoutiriiiiiiiteiitiitieie ettt ettt ettt ettt sb e et e e s bt e sb e e bt satesbeesaeeatesaeesaee bt entesbeenbeeneeeaee 1073
43.5.3  RESEIS .ottt e h e et 1075
43.6  InitialiZation INFOITIATION. ... ee.uiitietieteette sttt ettt ettt et ettt e st e et e e et e sa e e bt eseeea e e bt emeeeaeesaeenseeneeeseenteeneeeneenseanteeneenseans 1076
437 ApPPLCAtioN INFOTMATION. c..coutitiiitiitietieitet ettt ettt et sb et e s e s ae et s bt et e sbtesbeeatesbeestesbtebeebsenbeeanenbeens 1076
43.7.1 EXEEINAL PUITUPS. ..ttt ettt et e st e st e bt e e bt e ettt e bt e eabeesabeesabeesabeenareenns 1076
4372 Dead OF WEAK DALIETY ... .etieutieitieeieitieteet ettt et ettt et e st e te e e e st e eu s e ebe e bt enbeesteeseesbe e beenbeeneesneesneenseeneeenee 1076
43.7.3  Handling UNPIUZ @VENLS...c...eiiiriiriiiiieiieiteeiteet ettt sttt et ettt ettt e bt ea bt e besbaesbeesbeenaeeneeemeeeaee 1077
Chapter 44
USB Voltage Regulator
4.1 INEOAUCHION. ....cuiiiiiiieieiet ettt b e bbb a et s et ettt et et e bt e st eat bt eb e e b ebeebesae et ene e 1079
44.1.1 OVEIVIBW. ...ttt et st s b b e b s bbb be sa et e b sa e b b saa 1080
AA1.2 FRALUTES. ..ttt ettt ettt ettt bttt s e e e a e e bt e bt e s a bt e sat e e bt e b et et e e e e bt e eb b e e bt e e bt e eateenbbeeneeeares 1081
44.1.3  MOAES Of OPETALION. ....ceuetemiieniieitieiteettett ettt et eit ettt e bt et eate bt e sbe et e eateeate e bt esbee bt eabeesbesabesbeesbeenbeeaeemeeeaee 1081
44.2  USB Voltage Regulator Module Signal DeSCIiPions. ........cueervieiriieriiitiniieiiteesieesite ettt e siee st e eaeesbaeesieessbaeesineenes 1082
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 39

General Business Information



h o
g |

Section number Title Page
Chapter 45
CAN (FlexCAN)
45.1  INEOAUCHION. ....cutiiiiiiieicte ettt st a ettt ettt et e b e e st bt eb e eaeeaeebesae et b e 1083
45.1.1 OVEIVIBW. ...ttt et et b b e b b s sb e b bbb sa et sbesa et e snesae 1084
45.1.2  FIeXCAN MOAUIE FEATUIES. ... eeuiiiiiitiie ettt ettt ettt et e st et e bt esteeebeesaesbeesbeenbeenbeeneeenee 1085
45.1.3  MOAES Of OPETALION. ...c.eviiientieniieiteeite sttt ettt ettt ettt ettt ettt ea bt et ebe e bt e bt eabesbeesbee bt emaeeaeesbeesbeenaeeneeeaee 1086
45.2  FIEXCAN SIZNAL AESCTIPLIONS. ..cuvtiritieeitietiteitteeitee sttt et e et e sttt e stteebeesabeesabeesbbeebeesabeesabeesateenbaeenbeesabeesaseebeesbeesnseenns 1088
A5.2.1  CAN RX ittt ettt bbb bbb bbb bbbt b et b ettt 1088
A5.2.2  CAN TX oottt ettt sttt b et et h et a et h et bbbttt b e 1088
45.3  Memory Map/reZiStET AETINMTLION. .....ccutiitiiriiiiite ettt ettt et e e et e sabe e bt e e beeeabee s et e e sabeesbeeesanesabeesbeesnneens 1088
45.3.1  FIeXCAN MEMOTY MAPPINZ...ecuverureeteterntenteeteateenteetesteeteeseenseanteaseenseeasesseanseansenseenseesseaseanseeseenseensesseenseenes 1088
45.3.2  Module Configuration Register (CANX_MOCR)......cccceoriiriiiiiiiiiiiienieete ettt 1093
4533 Control 1 re@ister (CANX_CTRILT)..coouiiiiiiiieeieeeeee ettt sttt ettt e e e st e st e s 1098
4534  Free Running Timer (CANX_TIMER).......cccootiiiiiiiie ettt 1101
45.3.5 Rx Mailboxes Global Mask Register (CANX_RXMGMASK)......ccccooueririeniriniiienieeieeeieeeenee e 1102
45.3.6  Rx 14 Mask register (CANX_RXTAMASK).....cccooeiriiiiiiiineteeree et 1103
45.3.7 Rx 15 Mask register (CANX_RXTISMASK)....cuioiiiiiie ettt 1104
45.3.8 Error Counter (CANX_ECR)......oooiiiiiiee ettt et e e e e etv e e e aaa e e eaa e e e e abeeeetseeesaseeaan 1104
45.3.9 Error and Status 1 register (CANX_ESRI).....cooiiiiiiiiiiiiie ittt s 1106
45.3.10 Interrupt Masks 1 register (CANX_IMASKI)....cooiiiiiiiiiieieceee et s 1110
45.3.11 Interrupt Flags 1 register (CANX_IFLAGI)..c..cooiiiiiiiiiiiieeitetee ettt e 1111
45.3.12  Control 2 re@ister (CANX_CTRIL2)...c..coiiiiiiiieiiieieeet ettt ettt e st e st esneesaes 1113
45.3.13  Error and Status 2 register (CANX_ESR2)......ccoiiiiiiiit et e 1116
45.3.14 CRC Register (CANK_CRCR)...c..ccoruiiriiiiirieinteteienteeste ettt sttt sttt 1117
45.3.15 Rx FIFO Global Mask register (CANX_RXFGMASK)........cccoceririiriimiiiiiireeeeeeeeeeeseeee e 1118
45.3.16 Rx FIFO Information Register (CANX_RXFIR).......ccoeiiiiiiiiiiiiie et 1119
45.3.17 Rx Individual Mask Registers (CANX_RXIMRZZ).....cccccoirriiriiniiiiiiiniiiiteteicee ettt 1120
45.3.50 MeSSAZE DULTET SIIUCTUTE. .....veiuiieiiiieiie ettt ettt ettt ettt e sbe e st e e st e e sate s bt esabeesbbe e bt e eabeesabeeaeeeases 1121
45.3.51  RX FIFO SUCTUIE. .....eeutiiiieitiettete ettt ettt ettt et e bt et eea e et e bt e st e es b e eseeebe e bt enbeemeeeseeabeenbeemeesneesneenbeenseenee 1126

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

40

Preliminary Freescale Semiconductor, Inc.
General Business Information



h o
g |

Section number Title Page

454 FUNCHONAL AESCTIPION. 1...eeutietieeittetie ettt ettt e bttt e et e bt e s bt e bt e sab e e sateeabeesbeeeabe e bt e s abeessbesa bt essbeeabeesbbeenbeenstesabeenseenases 1128
4541  TTANSIIE PIOCESS. ..uveutenterteeterteeteeteeiteuteetenteatetetentesaeetesbesueeseeueeseessestessentesseasesaeatesbesbeebesueeseeateneensensensensenuens 1129
4542 ATDIIATION PIOCESS. .. veteeuterttetieiteettent ettt ettt ettt ettt et ea s bt e bt e st e bt e bt ea b e sb e e bt eateebe e bt eatesbeenbeentesbeenaeenee 1130
4543 RECEIVE PIOCESS. ...eeueieiuiieeiteette ettt ettt e b e et e it e bt e e ab e e s bt e e bt e sab e e bt e sabeesabe e bt e sateesabeeabeesabeenaeesares 1133
4544 IMALCRING PIOCESS. . eeutteutieuieitteitteteeteeite et e bt eteeateestestte bt eseeeaeeesee bt eateemseeseeabeenbeambeemeeesee bt anseemeeeneesneenseenseenes 1135
4545 IVIOVE PIOCESS. .c.uveuteitettenieentesitenttesteesteeutesttesteestt et teeht e bt est e eate e bt e e bt eabees bt eabesbe e bt embeeatesbtesbeenbeemeesbeesbeenbeeneeeaee 1140
45.4.6  Data CONCIEIICE. ......eiuiiiiiiiiiiic ettt s 1142
A5.4.7  RXFIFO ..ottt ettt e b et b et b et b et be bbbt 1145
45.4.8  CAN protocol related fEAtUIES. ........eoutirtiiiirieeiterit ettt ettt et ettt et e sbe e e e 1147
45.49  Clock domains and TESIIICTIONS. ......c.ccuiiuiiiiiiiiiiiiiiiieie e 1153
45.4.10  Modes Of OPEration ELALLS........cc.eertieitieieetietiet ettt ettt ettt ettt et e bt es e sa e e bees e ebeenbeeneeeseenbeeneeeneenaeenes 1154
A5 A TT  IIECITUPLS. c..eentieiiiitieieete ettt ettt sttt ettt b et e bt s bt et e e st s bt e bt e st sbeesb e e bt eb e e sb e e bt eaeesbee bt enteebeenbeeneeenee 1157
45.4.12  BUS INEEITACE. ...cuiiuiiiiiiiiiiicic e 1158

45.5 [Initialization/application INFOIMALION. .......cc.coiriiririiiieieieiet ettt ettt sb ettt naene e 1159
45.5.1  FlexCAN initialiZation SEQUETICE. .....c..eevutriiriiirieinieete ettt sttt ettt ettt ettt et sbee s bt e bt eaesatesbeesaeenaeeneeeaee 1159

Chapter 46
Serial Peripheral Interface (SPI)

460.1  INEOAUCHION. ...ttt ettt st a et b e ettt ettt et et eat bt eb e e b eaeebesae et ene e 1163
46.1.1 BIOCK DIAZIAM. ¢..ee ittt ettt et st eat e e bt e et e s bt e s st e e sab e e bt e enbeesabeesate e bt e ebeeeates 1163
40.1.2  FRAMUIES. ..eteeutieiee ettt ettt ettt ettt et e et e et e et e s h e e bt eae e ea e et e eme e e aeeeb e e a bt e a e e eh e e bt eateee e e bt enteeneeeneenbeenteeaeeneenee 1164
46.1.3  SPI CONTIGUIATION. ¢ttt ettt ettt ettt et et sbe e bt et e st e bt e e beesbe e bt eabesatesbeesbeenbeenaeemeeeaee 1165
46.1.4  MOAES OF OPETALION. .....eieiiieiiieiiieeeite ettt ettt ettt ettt ettt et eeate s bt e e aee s bt e ebteeabaeebeesabeeenbeesabeeenseesnbeesnseesases 1166

46.2  MOdUIE SIZNAL AESCIIPIIONS. ... eeutieutieitiitieteeiteette it et eite st e e bt ete s eeesae e besaeeesee bt eaeeebeenseemeeeseeaseenseeneeeseenteeneeeneenseensesneenseans 1168
46.2.1 PCS0/SS — Peripheral Chip Select/SIave SEIECT......c..coviiriiiriiriiiiiiiieiterteeeet et 1168
46.2.2  PCS1—PCS3 — Peripheral Chip Selects 1 — 3.......ccoiiiiiiiiiiiiiieeeeneeeeeeeseee e 1168
46.2.3  PCS4 — Peripheral Chip SEIECt 4........c.ooiuiiiiiieiiiieeetee ettt ettt ettt et e e e e eseesaeeneas 1168
46.2.4  SIN —— Serial INPUL...c..eiiiiiiiiiiiieeet ettt ettt ettt ettt et et et esbtesbee bt eaeeneeeaee 1169
46.2.5  SOUT — Serial OULPUL.......c.eriiuiiiiiiiiietineeie ettt ettt sttt st 1169
46.2.6  SCK —— SEIIAl CLOCK. ....eeutiiuiiiieit ettt ettt ettt ettt ettt e e a e sb e et e eaeesae et e eaeesseenbeeneesneenseenee 1169

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 41

General Business Information



h o
g |

Section number Title Page
46.3  Memory Map/RegiSter DefiNItiON. ......eeiuiiiiiiiieiiteitie ettt ettt st e st et e s bt e e bt e sbtesbeesabesabeesabeenneenes 1169
46.3.1  Module Configuration Register (SPLX_IMOCR).........ccocuiriiiiiiieiieeeee e 1172
46.3.2 Transfer Count Register (SPIX_TCR).....ccccoiiiiiriiiiiienteeeeetestee ettt 1175
46.3.3 DSPI Clock and Transfer Attributes Register (In Master Mode) (SPIx_CTARN)......ccccovvviiiriiiiiniieneen. 1175
46.34 Clock and Transfer Attributes Register (In Slave Mode) (SPIx_CTAR#n_SLAVE).....ccccooviiiiiiiiiene 1180
46.3.5 DSPI Status Register (SPIX_SR)....couiiiiiiiiiiiet ettt 1182
46.3.6 DMA/Interrupt Request Select and Enable Register (SPIX_RSER).......c.ccccociiiiiiiniiniiiiiieeceee 1185
46.3.7  PUSH TX FIFO Register In Master Mode (SPLx_PUSHR).........cccccoiiriiiiiniiiinicceeeeeeeeee 1187
46.3.8 PUSH TX FIFO Register In Slave Mode (SPLx_PUSHR_SLAVE).....c..cccccoitiiiniiiniiiinieiceeceeeneen 1189
46.3.9  POP RX FIFO Register (SPLx_POPR)........cccccoeiiriiiiieicinceceeeee et 1189
46.3.10 DSPI Transmit FIFO Registers (SPIX_TXEFRIZ).......ccccorieirieiiiieieeeste et 1190
46.3.11 DSPI Receive FIFO Registers (SPIX_RXFRZ)......ccccociiiiniiiiiiiiicitccec e 1190
46.4  FUNCHIONAL AESCTIPION. ¢...eeutietieeittetie ettt ettt ettt et e sbe e s bt e bt e st e e suteeateesbeeeab e e bt e s abeenstesabeessbeeabeenbeeenbeenseesabeenseesanes 1191
46.4.1 Start and Stop of MOdUIE trANSTETS. ......co.ivuiriiiiiiieiec et 1192
46.4.2  Serial Peripheral Interface (SPI) CONfigUIation. ..........coouevuiiiiriiiiiiiiniieienieetee et 1192
46.4.3  Module baud rate and clock delay ZeNeration...........c.eevvuiiriiiiiriieiniiierieesiee et 1196
T b ¢ (<) o (0] 4 12 £ OO 1198
46.4.5  Continuous Serial Communications ClOCK............coieiiiiiiiiiiiiiiiiiiiicie e 1203
46.4.6  Slave Mode Operation CONSITAINES. ......c.ueetetirtieriieeiteeieesteesteesteesateesiteesiteessteesseeesbseesstesbaeesseesbeesnseesases 1205
46.4.7  InterruptS/DIMA TEQUESES. ... ceruteieitieteitteteettet et et e e ete e e steeteeetebesseesbeeseebeesse bt enseeseentesseanseeseensesneenseenean 1205
46.4.8  POWET SAVING TRALUIES. ...c..eeutiiiiiiiiiiieieet ettt ettt ettt ettt ettt ettt s bt e bt e bt eaesatesbtesbeenaeenaeeaee 1208
46.5 Initialization/application INFOTMALION. .........coiiiiiiiiiitiieeee ettt ettt et e et e s bt e sabeesbeesabeesabeesaneenns 1209
46.5.1 HOW t0 MAaNAZEe UEUES. ......cc.iiiiiiiiiiiiiii e s e e e s 1209
46.5.2  Switching Master and SIaVe MOME........c..cooueriiriiiiiiriiieeieet ettt ettt ettt saee e 1210
46.5.3 Initializing Module in Master/S1ave MOAES. ........cocuiiriiiiiiiiieiieiie ettt s 1210
46.5.4  BaUd Tat@ SEIIMZS. . ecueertietieiietiett et etee st ettt et e e ette et e e et et e et e e bt eaeees e e bt emeees e e bt emeeesee bt enbeeneeeseenbeeneeeaeeeeenee 1210
460.5.5  DRIAY SEUIMZS . ..euteieiieittete ettt ettt ettt b ettt b et a e bt e a e h e bt et h et et b e bt e at e e bt e bt eat e saee e eaee 1211

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

42

Preliminary Freescale Semiconductor, Inc.
General Business Information



h o
g |

Section number Title Page
46.5.6  Calculation of FIFO pOINtEr addIESSES. .....uveruuiruieriieiieiiieitieeiteette st etee sttt st esbeesitesbeesateebeesaneeseesaeen 1212
Chapter 47
Inter-Integrated Circuit (12C)
AT.1 INEOAUCTION. ...ttt bbbttt ae s en s eaeeaeeb e eaesaeene e 1215
47.1.1 FRALUIES. ...t ettt a et et es e b et e ee e e bt et e em bt es e e bt et e eaeeebeenbeenbeeb e e bt enbeeneentean 1215
47.1.2  MOAES Of OPETALION. ...c..eiiietieieeiteeite sttt ettt ettt ettt et eh et e e st e ee e s bt e bt e bt esbesbbesbeenbeenaesmtesbeesbeenbeenaeeaee 1216
47.1.3 BIOCK QIAGTAIMN. ...ttt ettt sttt ettt e et e s bt e et e sa b e e sab e e bt e ebeesabeesateeaeeentes 1216
47.2  T2C SIZNAL AESCIIPLIONS. .....tiuieitieiieite ettt ettt ettt ettt et et e e ete et e st e bt es e e bt eaeeseeemtesseemaeebeemseeseenseebeenbeeseenseeneenseeneeneeenes 1217
47.3  Memory map and reZiSter AESCTIPIIOMS. . ...evutetiritiriietirttett ettt ettt ettt ste ettt este st e sbe et e sbeesaesbtesbeestesbeenbesbsenbeesnenueens 1217
47.3.1  I2C Address Register 1 (J2CX_AT)...ccoiiiiiiiiiiirieiiceeeerce ettt 1218
473.2  12C Frequency Divider register (I2CX_F)......ccooiiiiiiiniiiineeeeeeee et 1219
47.3.3 I2C Control Register 1 (T2CX_C1)..iiuiiiieiiiieniieiecieetese ettt sttt sttt et st 1220
4734 I2C Status 1@ZIStET (T2CX_S).ceniieiieiiie ettt sttt et ettt e b e e btesbeeebeesaes 1222
47.3.5 12C Data I/O re@ister (T2CX_D)..cuieiieiieteee ettt ettt ettt et es e b e beebe e e eneeenes 1223
47.3.6 I2C Control Register 2 (T2CX_C2)..ccuuiiuieiieieeiteitteieetestt ettt sttt st ettt sttt et 1224
47.3.77  12C Programmable Input Glitch Filter register (I2Cx_FLT)......ccccovviiiiiiiiiieiieeiieeeeeeeeeeeee e 1225
47.3.8  12C Range Address register (I2Cx_RA) ...ttt 1226
47.3.9 12C SMBus Control and Status register (I2CX_SMB)........cccceviiriiiiniiniiniieeeeeeteeee e 1226
47.3.10 I2C Address Register 2 (J2CX_A2)...c..ccorieiriiiirieeieeeieeee ettt st 1228
47.3.11 12C SCL Low Timeout Register High (I2CX_SLTH).....cc.ceotiiiiiiieiieeeeeeee e 1228
47.3.12 12C SCL Low Timeout Register LOW (I2CX_SLTL).....ccccocirtiriiiiniiniieienieneeeetesieeee et 1229
474 FUNCHONAL AESCTIPION. 1...eeuttetieeittetie ettt ettt ettt et e bt e s bt e bt e sab e e sateeat e e beeeabe e bt e s abeesstesabeessbeeabeenbaeenbeeseesabeenneesases 1229
47.4.1 T2C PIOTOCOL.....eiii et st s s e s s 1229
47.4.2 LO-DIE AAAIESS.....c.eutiiiiiiiiie ittt ettt s et ettt et e a ettt ettt be s 1234
47.4.3 AdAIESS MALCHINE. .....vieiieeiiieiieet et b e et e sttt et e e it e e bt e et e e sbee e bt e sabe e bt e sabeebeesabeesaeesnses 1236
4744  System management bus SPECITICATION. ... .cuieuirieiieitie ettt ettt st e st e st et e b et e beeeeeneeeeee 1236
AT.45  RESEES ittt et ettt ettt h b sh b h e sa e bt e h ettt ettt ae st nesae 1239
E B I 1111 s 41| o] OO OO OSSPSR PTUPPRRRPRP 1239
47.4.7  Programmable input GlitCh fIler.........ooiiiiiiiiiiiiiee et 1241
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 43

General Business Information



h o
g |

Section number Title Page
47.4.8  Address MatChing WaKEUP.........eevuiiiiiieiiiiiiiieeiie ettt ettt ettt e st e sat e e st e e abeebteebeeeabaesnbeesabes 1242
4749 DIMA SUDPPOIT. ...ttt ettt ettt e b e b e et s e e s ae e s b e et e s eeesaeesaeeae e e saeesaeesae e 1242
47.5 Initialization/application INOIMALION. ......c..covuiiiiriiiiiiiiiet ettt et sttt ettt sbee et et saeesbeebeeas 1243
Chapter 48
Universal Asynchronous Receiver/Transmitter (UART)
8.1 INEIOAUCHION. ....cueiiiiiiiiiiiciet ettt st b et bttt et ettt et ea et bt e bt e bt eaeeaeebesae et be e 1247
.11 FRAMUIES. ...ttt ettt s 1247
48.1.2  MOAES Of OPETALION. c..c..etitiiitieiieiteet ettt ettt ettt ettt e be ettt bt ettt e sa et e sbesbeebeeneensesnesennenuens 1249
48.2  UART SIZNAL AESCIIPLIONS. c..ceuveiuiiiieteeiteteeiteett ettt ettt ettt et ettt ea e sb e et e bt e s bt et e sbeestesbtenbeeatesbeesbesbeenbeebsenbeesnenbeens 1250
48.2.1 Detailed signal deSCTIPLIONS. ......eeruvtirtiieiieeite ettt ettt ettt ettt e s bt e st e e st e e sabeesabeesabeebbeesstesbeeenseesases 1251
48.3  MemOry MAP ANA TEZISIEIS. .....eiuteuteitietertieteetteteeteesteetterteestesteestesteasteabeensesseeateeseenteeseenteeseeseeseesaeemeesseensesneensenseentenseans 1252
48.3.1 UART Baud Rate Registers: High (UARTX_BDH).....ccccociiiiniiniiiiiiciieceeteeeeee e 1264
48.3.2 UART Baud Rate Registers: Low (UARTX_BDL)......cooiiiiiiiiiiiiiiie et 1265
48.3.3 UART Control Register 1 (UARTA_CT)..cuiiiiiieie ittt sttt et 1266
48.3.4 UART Control Register 2 (UARTX_C2)....cccutriiriiiiiiiiieiieiie ettt ettt st st st 1267
48.3.5  UART Status Register 1 (UARTX_ST)...cccciiiriiiiiiiiieieeceeeceeeee ettt 1269
48.3.6 UART Status Register 2 (UARTA_S2).c..co ittt sttt e 1272
48.3.7 UART Control Register 3 (UARTX_C3)....couiiiiiiiieiieieeene ettt ettt st st 1274
48.3.8  UART Data Register (UARTX_D)......cccoiiiiiiiiiicieeecee e 1275
48.3.9 UART Match Address Registers 1 (UARTX_MATL)...c.coiiiiiiiiiei ettt 1276
48.3.10 UART Match Address Registers 2 (UARTX_IMAZ2).....cocciriimiimiiiiriieeteeitesitee ettt 1277
48.3.11 UART Control Register 4 (UARTX_CA).....ccooeoiiiriiiiieieenceereeeereet et 1277
48.3.12 UART Control Register 5 (UARTX_CS)....ieiiiiiiieiieiteee ettt ettt ettt ae e 1278
48.3.13 UART Extended Data Register (UARTX_ED).......coccoiiiriiiiiiiiiiiiiieeeteeeetese et 1279
48.3.14 UART Modem Register (UARTX_MODEM).........ccccoriiimiriiiininiiineneeee sttt 1280
48.3.15 UART Infrared Register (UARTX_IR)....ccuieiiiiiiiiiiieieeeee ettt 1281
48.3.16 UART FIFO Parameters (UARTX_PFIFO)........cccouiiiiiiiiieii et et 1282
48.3.17 UART FIFO Control Register (UARTX_CFIFO).........cccccooiiiiriiiniiiineeneeeeeeeeeeeee e 1283
48.3.18 UART FIFO Status Register (UARTX_SFIFO).....ccccooiiiiiiiniiinieneneeseeseteeei ettt 1284
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
44 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
48.3.19 UART FIFO Transmit Watermark (UARTX_TWEIFO)........cooooiiiiiiiiiiiiiieeeee e 1285
48.3.20 UART FIFO Transmit Count (UARTX_TCFIFO)......c.ccviiiiriiiniinierneseeeseeieeie ettt 1286
48.3.21 UART FIFO Receive Watermark (UARTX_RWFIFO)........cccooiiiiiiiiiiiiiee e 1286
48.3.22 UART FIFO Receive Count (UARTX_RCFIFO).....c..ccccceoiiiniiiiiiiieeneeeseeeeesee e 1287
48.3.23 UART 7816 Control Register (UARTX_CT7816).....cccoueiriiiiiiiiiinienietniesetete ettt 1287
48.3.24 UART 7816 Interrupt Enable Register (UARTX_IE7810)......ccccociiriiriiiniiiiiiieenieeieeieeeeeee e 1289
48.3.25 UART 7816 Interrupt Status Register (UARTX_IST7816).....c..ccoeiiriniiniiiiiececeecreeeeeeeeee e 1290
48.3.26 UART 7816 Wait Parameter Register (UARTX_WP78160TO)......cccoeiuiriirieiiiiiiieeeieeee e 1291
48.3.27 UART 7816 Wait Parameter Register (UARTX_WP781OT1)..cc..ccceeiimiiniiiiniiiieieieieeeeeeceee e 1292
48.3.28 UART 7816 Wait N Register (UARTX_WNTEL0).....cc.cceoeiriiiriiinieiieneeerieeeeeee et 1292
48.3.29 UART 7816 Wait FD Register (UARTX_WE7816).....c..coiimiriiiinicineneeeseeeeeeeeeere et 1293
48.3.30 UART 7816 Error Threshold Register (UARTX_ET7816).....cccoceeviiriininiiiiniiiieieieeienieeeeseeee e 1293
48.3.31 UART 7816 Transmit Length Register (UARTX_TL7816).....cccceeviiiiimiiiiiiiiiieiieeieeeee e 1294
48.3.32 UART CEA709.1-B Control Register 6 (UARTX_CO).....ccceoueiririiiiiniinictienieeeieseeeie et 1295
48.3.33 UART CEA709.1-B Packet Cycle Time Counter High (UARTX_PCTH)......cccccocueriiniiniiniiniinccceece 1295
48.3.34 UART CEA709.1-B Packet Cycle Time Counter Low (UARTX_PCTL).......ccooouiiniiiniiiniiiiieeieeieee 1296
48.3.35 UART CEA709.1-B Interrupt Enable Register 0 (UARTX_IEQ)......ccccocivirieiiinininiiieninececcnieneeeeens 1296
48.3.36  UART CEA709.1-B Secondary Delay Timer High (UARTX_SDTH)......cccccoiirirniniiniiniiiciiccencece 1297
48.3.37 UART CEA709.1-B Secondary Delay Timer Low (UARTX_SDTL).......ccccccceoininiiiniiiiiciiceeeeee 1297
48.3.38 UART CEA709.1-B Preamble (UARTX_PRE)......ccccriiiiiiiiiiinieieencee et 1298
48.3.39 UART CEA709.1-B Transmit Packet Length (UARTX_TPL)......ccccceciiriiniiiiiiiniiniceeccceecec 1298
48.3.40 UART CEA709.1-B Interrupt Enable Register (UARTX_IE).....ccccccoriiiiiiiniiiiiiieieeieeee e 1299
48.3.41 UART CEA709.1-B WBASE (UARTX_WB)...c.oiirtiiiirieiitieeeteeeese ettt 1300
48.3.42 UART CEA709.1-B Status Register (UARTX_S3)..c.cciriiiiniiiiniinencneeceeeeeeeee et 1300
48.3.43 UART CEA709.1-B Status Register (UARTX_S4).....ccocoiiiiiiiieiereeereeeeeee e 1302
48.3.44 UART CEA709.1-B Received Packet Length (UARTX_RPL)......cccoiiininiiiiinieiiiieecceeeee e 1303
48.3.45 UART CEA709.1-B Received Preamble Length (UARTX_RPREL)......cccccccooiiiiiniiniiniiiiiiiciccee 1303
48.3.46 UART CEA709.1-B Collision Pulse Width (UARTX_CPW)....ccccccciiiniiiiiiiineeeeeseeeee e 1303
48.3.47 UART CEA709.1-B Receive Indeterminate Time High (UARTx_RIDTH).......ccccceeviiiiniiniiiieceee 1304
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 45

General Business Information



h o
g |

|
Section number Title Page
48.3.48 UART CEA709.1-B Receive Indeterminate Time Low (UARTx_RIDTL)......cccvvviiiiiiiiiiiieeiieeiieeeeee 1304
48.3.49 UART CEA709.1-B Transmit Indeterminate Time High (UARTX_TIDTH)......c.cceouveiiiniiiniiiniinieeee 1305
48.3.50 UART CEA709.1-B Transmit Indeterminate Time Low (UARTX_TIDTL)........cccceeeevviiiiiiiiiiieeeiieeen, 1305
48.3.51 UART CEA709.1-B Receive Betal Timer High (UARTX_RBITH)......ccoooiiiiiiiiiiiiiiiiiieecceeee 1305
48.3.52 UART CEA709.1-B Receive Betal Timer Low (UARTX_RBITL)......ccccoceviiiiiiiiiiiininenceecreeciens 1306
48.3.53 UART CEA709.1-B Transmit Betal Timer High (UARTX_TBITH)....c..ccoccerviiiiiiniiniiiiiiniciiceieeeee 1306
48.3.54 UART CEA709.1-B Transmit Betal Timer Low (UARTX_TBITL).......coovviiiiiiiiiiiieeeeeiieeeeeeeceee e, 1307
48.3.55 UART CEA709.1-B Programmable register (UARTX_PROG_REG).........ccccceeviiriiriiiiiiiinieieee 1307
48.3.56 UART CEA709.1-B State register (UARTX_STATE_REG)....c..ccccceetriimiiniiniiniiiieeieeieneeeeeeee e 1308

48.4  FUNCHIONAL AESCTIPLION. 1. eeutietieeiteetie ettt sttt ettt ettt et e bt e bt eatesab e e sbteeabeesbeeeabeenbeesabeesstesabeessbeeabeenbbeenbeebeesnbeenseenases 1308
A8.4.1  CEAT09. 1Bttt ettt bbbttt b et b et b et b ettt b et b et 1308

A48.4.2  TTANSIIIIIET .. eeueiiieiieiiiitet ettt ettt e e et e b e et es et et e e et et et et et et e b e s et ebesa et e sbesueas 1319

4843 RECEIVET.....iiuiiiiiiiiiiiiiie ettt b e s h e s 1325

48.4.4  Baud rate ENETALION. ... .eiuietieiteeiteetieit et ettt te et et e et e aeeeteeste e bt eateestees e e beeabeenbeeseeabee bt eabeenteeneeeneenbeeneeenee 1334

48.4.5 Data format (NON ISO-T8T16).....ceeeuiiiieeiiee et e et e e e et e e et e e e aaeeeetaeeeeeaseeeeasaeeeaseeaas 1336

48.4.6  SINGIE-WITE OPETALION. ....tieruteiiieetieeitt ettt ette sttt e st te et eesbeesate e bt e ebeeseteesatesabeesabeesateeabeeenbeensseebaesnseesaseenanesases 1339

TR A 70 To] o I o) 1) 1 (o) 1 HO OSSP URRSRRPR 1340

48.4.8  ISO-7816/SMATCAIA SUPPOTL....c..eertiiuiiriieiieieiiieritente ettt ettt ettt esteeatesate bt e bt sbtesbee bt eaeesbeenbeentesseesbeenaeenee 1340

48.4.9  Infrared INEITACE..........ccooiiiiiiiiiic e 1345

LT T ST F USROS 1346
48.6  SysStem 1eVE] INTEITUPL SOUTCES....c.vetiitieitiniiertteieeite sttt et stt et e e eate bt et e et shtesbeemaeeatesbeenbeeateebee bt esteebeesbeebeestesbnenbeens 1346
48.6.1  RXEDGIF dESCIIPHOMN. ....c.ecuiieiiieiiieiieiciieteeeiee ettt ettt 1347

8.7 DIMA OPETALION. .....eutentieutieieetiete et eett et et e bt esteeuee bt eaee et e e bt emtees e et e em s e eseemseemseeseenseemseeseenseamteeseen st enseeseenseeneenbeenseennenseans 1348
48.8  APPLCAtiON INFOTMATION. c..cutitiiiiiiiietieitet ettt ettt et st e bt bt esae et e s bt et e sbte bt eatesbeestesbeebeebaenbeesnenbeens 1348
48.8.1 Transmit/receive data BUfer OPETAtiON. .......ccuiiiiiiiiiiie ettt s 1348

48.8.2  ISO-7816 initialiZation SEQUETICE. .....c..couieuiruietieiieiieiieitet ettt sttt ettt ettt be et ettt eneensenaesaennenaens 1349

48.8.3 Initialization sequence (NON ISO-78160)....c..cooiiiiiiiiiiiniiiiiiet ettt 1351

48.8.4  Overrun (OR) flag IMPIICALIONS. .....eiiiieriieiiieriteeiiteette ettt ettt ettt e st e sabeesabeesateesaeeebaeenseesanes 1352

48.8.5  OVerrun NACK CONSIACTALIONS. .......eeuiirtietieiieetiete et etieett ettt te st e e eteesteeateeeeeseeenteeetesteebeeaeeeseenseeneesaeenseenee 1353

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
46 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

L ______________________________________________________________________4
Section number Title Page
48.8.6  MAtCh AdAIESS TEEISEIS. .. eeureiutierteetitetie et ettt et et e st e sttt e bt e e bt e shbeebtesabeesabeesaeeeabeeeabee st e ebaeeabeesaseeaeesases 1354

48.8.7  IMOAEIM RALUIE. .....eueitieiiieite ettt ettt ettt ettt s at et e et et e s he et e eaeeeaee bt emeesaeesaee bt emtesaeenseenseeneenaeeneeenee 1354

48.8.8  Ir'DA minimum pulse WIdth........coooiuiiiiiiiiiiiiitiitee ettt 1355

48.8.9 Clearing 7816 wait timer (WT, BWT, CWT) INtEITUDPLS....ccuueruirriieiieiiieiiierieesite ettt ettt st n 1355
48.8.10 Legacy and reverse compatibility CONSIACTALIONS. ... ..coueeuiriirieriiertiete ettt ettt seeeseeesbeenae e 1356

Chapter 49
Secured digital host controller (SDHC)

LB N 113 Vo L1 s (o) OO OSSPSR 1357
4.2 OVEIVIEW ..ottt a bt h e b st b e et b ettt ettt ea ettt e eb b s et 1357
49.2.1 SUPPOTLEA LYPES OF CATAS. ...eenetieniieiiiieeieeite ettt ettt e st e st e et e e sabeesabeesbbeesbeesabeesabeenaeean 1357

49.2.2  SDHC bIOCK QIAZIAIM. ... .eouiiuiiiiiieiieiieietetet ettt sttt sttt sttt et b ettt et ettt ettt et ennesaesaennenaens 1358

49.2.3  FRAIUIES. ...ttt ettt s a b s h b e h b ettt e ettt sae 1359

49.2.4  MOdES ANd OPETALIONS. ....cevuvieitieriieeritterite ettt estte ettt estteebeeebeesabeesbeesabeesabeessbeessbeenseeenbbeenstesabaeenseesabeesnseesases 1360

49.3  SDHC SiZNAl AESCIIPLIONS. ....uveutiutintitiitetetetetet ettt ettt ettt ettt ae st et et st et e b st e b e b sa et enae st e b enaesaebenaenaennenee 1361
49.4  Memory map and reZiSter AeTINITION. ... cc.eetiriiitieiiitieiete ettt ettt ettt ettt sae et sbe et e sbeesaesbeesnesbeens 1362
49.4.1 DMA System Address register (SDHC_DSADDR)........coiiiiiiiiiiiiiieiteit ettt 1363

49.4.2 Block Attributes register (SDHC_BLEKATTR)....cccoiiiiiiiiiieieeeee e 1364

49.4.3  Command Argument register (SDHC_CMDARG)......cc.cooceriiriiniiiiiienieceicstereee sttt 1365

49.4.4  Transfer Type register (SDHC_XFERTYP).....cooiiiiiiiiiiiieieee ettt 1366

49.4.5 Command Response O (SDHC_CMDRSPO).......cc.coiiiiiiiiiietee ettt 1370

49.4.6 Command Response 1 (SDHC_CMDRSPL)...c..cooiiiiiiiiiiiienieieeeetetee sttt e 1370

4947 Command Response 2 (SDHC_CMDRSP2).....cc..coiiiiiiiiieie ettt et st 1371

49.4.8 Command Response 3 (SDHC_CMDRSP3I).......couiiiiiiiiietee et 1371

49.4.9 Buffer Data Port register (SDHC_DATPORT).....cc.cooitiiiiiiiiiiieiicnieterteteeee et 1372
49.4.10 Present State register (SDHC_PRSSTAT)....ccuutiiiiiiieeeeete ettt sttt st 1373
49.4.11  Protocol Control register (SDHC_PROCTL)........ceouiiiiiieiieiieitee ettt e 1378
49.4.12  System Control register (SDHC_SYSCTL)....cccutiiiiiiiiiiiiiie ittt s 1382
49.4.13  Interrupt Status register (SDHC_TRQSTAT).....cooiiiiiiiiiiie ettt sttt sttt s 1385
49.4.14 Interrupt Status Enable register (SDHC_IRQSTATEN)......cceiiiiiiiiiiiieie et 1390

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc.

Preliminary 47
General Business Information



h o
g |

|
Section number Title Page
49.4.15 Interrupt Signal Enable register (SDHC_IRQSIGEN)......cccciiiiiiiiiiiiiiiieeiee ettt 1393
49.4.16  Auto CMDI12 Error Status Register (SDHC_ACI2ERR)......cccuiiiiiiiiiiiiieeeece e 1395
49.4.17 Host Controller Capabilities (SDHC_HTCAPBLT)....cc.cociitiiiiiiniiiieieiteeeeieeestee et 1399
49.4.18 Watermark Level Register (SDHC_WML).......cooiiiiiiiiiiiiieeiie sttt ettt st 1401
49.4.19  Force Event register (SDHC_FEVT)......ooiiiiiiiiiiet ettt ettt et 1402
49.4.20 ADMA Error Status register (SDHC_ADMAES)......ccciiiiiiiiiiiiiieeietese ettt e 1404
49.421 ADMA System Addressregister (SDHC_ADSADDR).....ccccooiitiiiiniienieeiee ettt 1406
49.4.22  Vendor Specific register (SDHC_VENDOR).....c..cccoeiiiiiiiiiiiininnereeteseseeeeteeeeeeteet et 1407
49.4.23  MMC Boot register (SDHC_MMOCBOOT).....c..cooiiriiiiiiiiieniteteeeiteeit ettt sttt 1408
49.4.24 Host Controller Version (SDHC_HOSTVER).......uuviiiiiiieeeeeeeeeee et 1409
49.5  FUNCHONAL ESCIIPLION. .....eiuieuiiiiiiiiiiitietiite sttt ettt ettt et ettt sb e sttt b e ettt e s et st ebeeaeebeeueebeebesaesae b e 1410
49.5.1 Data DUFTET ...ttt st ettt 1410
49.5.2  DMA crossbar switch INteIface............ccoiiiiiiiiiiiiiiiiiiiiii e 1416
49.5.3  SD PrOtOCOI UNMIt....ueiuiiutiiieitiiitetetent ettt ettt st ettt ettt eae bttt e e e et e e et et et et ensenaensennenuens 1422
49.5.4  ClOCK and IESEE MANAZET ... .ccuverueiiieierteritete et st st et eitesatenteeatesbeesteestesbeesbeenbeebtesbeeteeatesbeenbeentesseenbeenaeenee 1424

49.5.5 CIOCK ZEINETALOT. .....eeutteeiiieeiteeeite ettt ettt ettt ettt e it e b et et e e s at e s ab e eabe e st e e sabe e bbeenbeesabeesabeenbeesabaesnseennseeseenanes 1425

49.5.6  SDIO Card INMIETTUPL...c.veutiutiiitetetet ettt ettt ettt et et e et eat et e e bt e bttt e bt ebeeb e e bt saesbeebe s bt sbeebesbesaesbesbenaens 1425

49.5.77  Card insertion and removal dEtECHION. ........c..ccuiriiriiriiiiiieieiee ettt s 1427

49.5.8  Power management and WaK@UP EVENLS......c...eevuieriiiriieriieiiienieeite st ee sttt e sttt et e site st esabesbeesateebeenaee s 1428
ZL IR R Y 01V (O T o To o | AU OSSPSR 1429

49.6 Initialization/application Of SDHC ........ccccoiuiiiiiiiiie ettt et ettt ettt ettt saee b eas 1431
49.6.1 Command send and resSponse reCeive basiC OPETAtION.........eeeueerieerieerieenteeniteerieeenireesiteebaeenieesbeeeseesanes 1431
49.6.2  Card IdentifiCation MOAE.........ccuiertieiieii ettt ettt ettt et ettt e e aeesaee bt e bt enbeenbeestesseesbeenseenbeeneeenee 1432

49.0.3  CAId ACCESS.c.uiuiiiiiiiiiiieeie ettt ettt et a et et et ea b sae b b 1437

49.6.4  SWILCh FUNCHON. ....ouiiiiiiiiiiiiiiiciccc e st 1448

49.6.5  ADMA OPETALIOM. c..cuvititiiiitieiteiteit ettt sttt ettt ettt et et s et e s bt ettt ae et e e et e st et sbesue bt eaeeas oot enenaen 1450

40.6.6  FaSt DOOt OPETALION. ......eoueiiiriiiiieiiitterteet sttt ettt ettt sb et b ettt e b et eb b e bt ea b e sbe e bt ebtesb e et e e bt e bt entesbeenaeenee 1451

49.6.7  Commands for MMC/SD/SDIO/CE-ATA.......ccooiiiiiieeeeeeeee ettt 1455

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
48 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

Section number Title Page
49.T  SOFtWAIE FESIIICTIOMS. ¢...viiiiiiiiiiiiiiet ettt s b e e b e e b et as e aeae s 1461
49.7.1 INItIALIZATION ACHIVE. .. eeutitietieiteetiete ettt ettt ettt ce sttt et e bt e e bt e aee e bt eabesh e e bt esee bt emteeseenbeesee bt enseeseenteeneenseenes 1461
49.7.2  Software POIIING PrOCEAUIE.......cc.eiitiiiieiiiiieteeit ettt ettt et eb e b et ea et e bt bt e sbe et eatesbee e eaee 1461
49.7.3 SUSPENA OPETALION. ....ceueteeuiitiiieeitterite et te et te et ettt et e e sttt e suteestee s beeeabeesbteestesabeesabeeastesabeesnseessseenseesabeesnseenneean 1462
49.7.4  Data Iength SELUNEZ. ...cc.eeueiiieiieieieierieee sttt ettt ettt et ettt et bbbttt ettt et eb e sbe bt eaenaen 1462
49.7.5 (A)DMA addIeSs SEINME. ...ccuveiutiriieiieieeiterttete ettt ettt ettt et ettt b e et e ea b e bt e bt et e ebtesb e e bt esbesbtesbeebeeaaenaeen 1462
4O.7.6  DALA POTT ACCESS. . veeuvreeurieeiiertteeitesittesttesateesbtesateesabeesateesabeeaabeesbbeesateesbteesteeabaeenbeeeabbeenseesabaeenbeesabeesnseesases 1462
49.777  Change ClOCK fTEQUEIICY ....c..ccuertirtirteriertitentest ettt ettt sttt sttt st et ae et b sa b besae et esbesaesbesbenaens 1462
49.7.8  MUlti-bIOCK TEAG.........couiiiiiiiiii et 1463
Chapter 50
Integrated Interchip Sound (I12S) / Synchronous Audio Interface (SAl)
50.T  INETOAUCHION. ...ttt ettt ettt et et e a et eae bt b e ea e bt ebesaeebe b sae et e 1465
SOUTLT  FEALULES....oiiiiiiiiicic e s s e 1465
50.1.2  BIOCK QIAZIAMIL ...cutiiiiiiieiieie ettt ettt ettt ettt s h e e bt et e sh e e beemee s st e bt entesseenbeenbesneenseenneenean 1465
50.1.3  MOAES OF OPETALION. .....coruiiiieiiiriiietiettet ettt ettt ettt ettt et ea e sh e e b e e bt e et ebteeb e e bt eabeesbesbaesbeebeennesbaenaeen 1466
50.2  EXEEINAL STZNALS. ..cutiiiiiiitieiitete ettt ettt ettt ettt ettt et e e eat e e bt e et e e sat e e bt e sab e e s bt e eabeesh bt e hbeeab e e sa bt e bt e eabeeehbeeabeesabeenaeeeabes 1467
50.3  Memory map and re@ister defINItION. .......cc.eiuiiiiiiiiie ettt ettt st et st e b e s bt e be e bt et e ese et ene e beeneenaeenee 1467
50.3.1 SAI Transmit Control Register (I2SX_TCSR)......coouiiiiiiiniiiiiieeeeeeee e 1469
50.3.2  SAI Transmit Configuration 1 Register (I2Sx_TCRI).....cccceiriiiiiiiiiiiiiieiieeieeeee et 1472
50.3.3  SAI Transmit Configuration 2 Register (I2SX_TCR2).....c.cooiiiiiiiiiiiieeieeeseet e 1472
50.3.4  SAI Transmit Configuration 3 Register (I2SXx_TCR3)....cc.cooeiiiiiiiiiiiiniinieeeeeeeceeee e 1474
50.3.5 SAI Transmit Configuration 4 Register (I2Sx_TCRA).....ccccueiriiiiiiiieiie e 1475
50.3.6  SAI Transmit Configuration 5 Register (I2SX_TCRS)....ccoiriiiiiiiiiieieeeese e 1476
50.3.7 SAI Transmit Data Register (I2Sx_TDR)....c..cocuiriiiiiiiiiiiieetteeeet ettt 1477
50.3.8  SAI Transmit FIFO Register (I2SX_TEFR).......cccceeieiririiiiieieceeeeceee et 1477
50.3.9 SAI Transmit Mask Register (I2SX_TMR)......c.cooiiiiiiiiiiiieee et 1478
50.3.10  SAI Receive Control Register (I2SX_RCSR)...cc.cooiiiiiiiiiiiieietctete et 1479
50.3.11 SAI Receive Configuration 1 Register (I2SX_RCRI).c...coiiiiiiiiiiiiiiiiiiiieieeecceetese e 1482
50.3.12 SAI Receive Configuration 2 Register (I2Sx_RCR2)........cccoiiiiiiiiieiieeet e 1482
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 49

General Business Information



h o
g |

|
Section number Title Page
50.3.13  SAI Receive Configuration 3 Register (I2SX_RCR3).....ccocuiiiiiiiiiiiiiieieieeee et 1484
50.3.14  SAI Receive Configuration 4 Register (I2SXx_RCR4)........coiiiiiiiiieee et 1485
50.3.15 SAI Receive Configuration 5 Register (I2SX_RCRS)....cc..coiiiiiiiiiiniiiiniiieeeeeceeeee e 1486
50.3.16  SAI Receive Data Register (I2SX_RDRZ)......cooiiiiiiiiiiiiiiiect ettt e 1487
50.3.17 SAI Receive FIFO Register (I2SX_RFR)......ccuooiiiiiiie et 1487
50.3.18  SAI Receive Mask Register (I2SX_RMR).....cc.cooiiiiiiiiiiiiiiiceetee ettt 1488
50.3.19 SAI MCLK Control Register (I2ZSX_MOCR)........cccovririiiriiiiiiiceeeeeeeeee et 1488
50.3.20 SAI MCLK Divide Register (I2Sx_IMDR)......c.coirieiiinieiriinieieeree ettt 1489

50.4  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt b e ee bt e st s b et e bt et s bt e bt ebbe s bt esaeebeeabesbeenbeebeenteebeeaeenee 1490
5041 SALCIOCKING. ..ottt ettt 1490

50.4.2 S AT LESEES e eutteuietieteetie et te it e e et et et et e et e et e et b e et e e bt eabeeh e e b e eateea e e bt et e en b e eh e e bt e abeeh e e bt eateen e e bt e bt enteeneebeenaeenean 1491

50.4.3  SYNCRIONOUS MOAES. ... .coutiiiiiiiitiritetiet ettt ettt sttt ettt s he et e bt st ebeesb e e bt eabeebbesbee b e ebeesnessaenbeen 1492

50.4.4  Frame SYNC CONMIGUIATION. ....c..eiiuiiiiieniieeiteitte ettt ettt ettt et e bt e et e e bt e st e et esabeesbtesabe e bt e sabeenbeesabeeneenas 1493

50.5  Data FIFO.....ooiiiiiiieiieee ettt h ettt b et b e bbbt b et b e bbbttt b et b et 1493
50.5.1 Data AlIZNIMEIT...c..eeutiiiieiiiiieitet ettt ettt st b et h e sttt et a e bttt b et ebe e i et eaee 1493

50.5.2  FIFO POINLETS. ceuteeiiteiieeiteeite et ettt et e bt e et ettt et e e et e sabeesate e bbeeabeesabeesabeebeeeabaeeabeesabeenseeenbaeanseesabeesabeenseean 1494

50.5.3  WOId MASK TEEISTET.....cuveuiitiiiriitiite ettt ettt ettt sttt bbbt be sttt et se et e e s s esaennesaenenae 1495

50.5.4  Interrupts and DIMA TEQUESES......cooueriirieriiiie sttt ettt et st ettt sttt et sttt et bt e nbeeatesbeenbeenaesaees 1495

Chapter 51
General-Purpose Input/Output (GPIO)

ST.T INEEOQUCHION. c..ceiiiiiiiciiciiei ettt ettt ettt et et et eae bt b e eb e b e b saeebe b saeeae b e 1499
STIT  FRALULES....oiiiiiiiiciec e s s e 1499

ST.1.2 MOAES OF OPETALION. ... .ceuieuiieitieiiietieeti ettt ettt e st e et e e s bt e sae et e eatesaeesb e e bt emeeemeees e e bt enseenseeneesbeenseenseeneesnean 1500

51.1.3  GPIO Signal deSCIIPLIONS. ...c..teutieiieitiriiieiteriterie ettt ettt ettt ettt sttt be et et st sbeesbe e bt et e eaneeenesbaenaeen 1500

51.2 Memory map and re@iSter defINItION. . ...cev.uiitiirieitterte ettt ettt et et e st s bt esabe e bt esbbeebeesaeesbeesaneeases 1501
51.2.1 Port Data Output Register (GPIOX_PDOR)......cccooiiiiiiiiiet et 1503

51.2.2  Port Set Output Register (GPIOX_PSOR).......ccccoiiiiiiiiiiiiiieeee ettt 1504

51.2.3 Port Clear Output Register (GPIOX_PCOR).......ccccooiiiiiiiiiiiiicteseeteet ettt 1504

51.2.4  Port Toggle Output Register (GPIOX_PTOR)........ccooiiiiiiiiiieiieieeeeee e 1505

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
50 Preliminary Freescale Semiconductor, Inc.

General Business Information



h o
g |

Section number Title Page
51.2.5 Port Data Input Register (GPIOX_PDIR)......ccc.coiiiiiiiiiiiiiitiiieeieetee ettt 1505
51.2.6 Port Data Direction Register (GPIOX_PDDR).........ccciiiiiiiiiitiieie et 1506

51.3  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt et et b et b et eb e et s bt e sbeebe e s bt es s e s bt eabesbeeabeebe et e ebeenaeenee 1506
51.3.1 GENETAI-PUIPOSE TNPUL...ceueeiiieiiieite et et et ee sttt e et e et e ettt e bt e sttt e baeeabee bt e ebtesabeessbeenbeesabeesabeenseesabeenseenases 1506
51.3.2  GENeral-PUrPOSE OULPUL......c.eetieuteitieteetieteeeteetteteette et e eateeseesteeneeesee bt eateeseenseeseeeaeeneeeneesseeneesaeenseeneesseensesnean 1506

Chapter 52
Touch sense input (TSI)

70 B Vi (0T 1817 510 ) 3 OO 1509

52.2 FRAIUIES. ..c.iuiiieiieiieiet ettt e et b s h et b et et s h et bbb e h b sa et b e s et be st 1509

52.3  OVEIVIBW...uiiiiiiiiiiicietee ettt ettt h R e a e e a e 1510
52.3.1  Electrode capacitance MeasUrEMENT UNMIt........cc.uerueerueruerierienteeteeseesteesteesteeneeeneesseenteanseessesneesseeseensesnsesnees 1511
52.3.2  EIECIIrOAE SCAM UMt ....eiuiiiiiiiiiiiiiiiiietesteteste sttt ettt ettt ettt et et ettt ettt se e be e b sae e ne e 1512
52.3.3  Touch deteCtion UNIt........cc.couiiiiiiiiiiiiiiii e 1512

S Y (o7 [T o) o) 1S3 1 (o) s FO SO 1513
52.4.1 TSI disabled MOME.........ooiiiiiiiiiiiiiiie e e 1514
5242 TSI ACHVE MOME......ccuiiiiiiiiiiiiiiiiiiiiic et 1514
52.4.3  TSTIOW-POWET IMOAE. .....ccutieiiiiiieitieitiete ettt et ee et e et e ste et e bt e bt eabeeateeseesseesae e bt enteemeeeseaaseenbeenseansesneeanean 1514
5244 BIOCK QIAZTAML ...cuuiiiiiiiiiiiieiiteiee ettt ettt sttt et bbb s bt e bt et bt e bt et sbee bt et saeen 1514

52.5 TSI SIZNAL AESCIIPLIONS. ..eeuvterutieiteetterite et ettt et e stte et e stbe ettt e sbte e st ebeeeabeesueesabeesabeeabeesbbeeabeebeeeabeesseesabeessbesabeennsesnseenseean 1515
5251 TSILINTISI0 ettt bbbttt bbbttt b et b et b bbb e bbbt be e 1515

52.6  Memory map and re@ister defINItION. ......cccuiiiiiiiiirieiieert ettt sttt sttt ettt ettt 1516
52.6.1 General Control and Status register (TSIX_GENCS).......oooiiiiiiiiiiieeet et 1517
52.6.2 SCAN Control re@ister (TSIX_SCANC)......coiiiiiieiee ettt ettt ettt st e bt et sseesbeebeenaesaeas 1520
52.6.3 Pin Enable register (TSIX_PEN)...c...ooiiiiiiiiieiee ettt ettt 1522
52.6.4  Wake-Up Channel Counter Register (TSIX_WUCNTR).......cooouiiiiiiiiiiiiieeeec e 1524
52.6.5 Counter Register (TSIX_CINTRIZ)...cccutiieieeeeeet ettt ettt ettt e b ae e eaes 1525
52.6.6 Low-Power Channel Threshold register (TSIx_THRESHOLD).......c..ccccceoiiniiniiniieiiciiciieeeneeeeiens 1525

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 51

General Business Information



h o
g |

Section number Title Page
52.7  FUNCHONAL AESCTIPLION. ...eeuutiiiiieriieeieeiite ettt ettt ettt et e st b e et e e bt e s bt e satesa bt e sateeabeesbteeabeebeesabeesbeesabeessbesabeensseenseenseean 1525
52.7.1 CaPACItANCE MEASUTCITICIIL. ... .ceuteeueetieuteeiterteenteetteteeate et eenteestesteenteesseseenseeseenseenseeseenseeneesseenseeseenseeneeeneenseenes 1526
52.7.2 TSI MEasuremMent TESUIL..........ceuiiiiiiiiriiiiiti ettt ettt s b 1529
52.7.3  EIECtrode SCAM UMIL....c.cciiiiiiiiiiiiiiieititeite sttt s s e 1530
52.7.4  TOUCK AEIECHION UMIL......eitiiuiitieiietieiie ettt et ettt ce sttt st e et e s bt et e s bt eateebeenbeeseenteeseenbeesee st emeesseeneesseensesseensennnans 1533
52.8  ApPlication INFOIMALION. ......co.titiriieiieitett ettt ettt et b et b et ea e bt ea e b e et eb e e bt eb b e bt et e ebeenaeeseenaeenee 1534
52.8.1 TST MOAUIE SENSTLIVILY . cueteeutiieiieetie ettt ettt ettt e sttt et e ettt s bt e eabeesabeesabeesbbeesstesabaeenseesars 1534
52.9 TSI MOAUIE INTHAIIZATION. ......eitietieieiiieetiete ettt ettt ettt et e e es e et e bt es e e s ee s b e embeemeeeaeesbeenseemeesseeseeneesneesneeneeenee 1534
52.9.1 INitIaliZAtION SEQUEIICE. ... .eeutirieerieriteteeitet ettt ettt ettt ettt ettt e bttt eb b bt e et e bt ea e sbe e st e sbe et e ebeenaesbeenbeeaeen 1535
Chapter 53
LCD Controller (SLCD)
53,1 INEFOAUCHION ..ottt ettt ettt ettt ettt e beeae bt b e ea e b besaeeb e b sae et ae e 1537
53101 FRALULES....eiiiiiiiiccc e s s 1537
53.1.2  MOAES OF OPETALION. ... ..euietieieieiiietieeti et et ettt e bt et et e et esaee st e bt eaeesaeessee bt eateeneees e e bt enseenteeneenbeenseensesneesnean 1538
53.1.3  BIOCK QIAZIAML...cueiiiiiiiiiiiiieiitecc ettt et sttt et st a et s b et s b e a e et be e eaeen 1539
53.2  LCD Si@NAL AESCTIPLIONS. ¢.u.terutieiieeiiteiiteeitenite et et e et ee st e et e sbt e et e e bt e sabeesutesabeesabeeabeesbteeabeebeesabeesbtesabeessbesaseenbaesnseenseean 1540
53.2.1  LICD _PLO3:0] ittt bbb bbbttt b et b et be e 1541
5322 VLLI, VLL2, VLL3 oottt ettt sttt sttt b e 1541
53.2.3 VCAP T, VCAP2Z..c ettt e h e ettt e h e et e s bt e bt e sa bt e bt e e bt e s et e e bt e st e esabeenbeesabe e it e eates 1541
53.3  Memory map and re@ister defINItION. .......ccueiierieiieie ittt ettt et st e e et et e bt e be e b e et e eseebeeneebeeneenaeenes 1541
53.3.1 LCD General Control Register (LCD_GCR).....ccc.ciiiiiriiiiieiinitetetene ettt 1543
53.3.2  LCD Auxiliary Register (LCD_AR)...c..uiiiiiiiieieeiee ettt ettt ettt st et st esbeenaee s 1547
53.3.3 LCD Fault Detect Control Register (LCD_FDCR)......cccuieiiiiiiiaiieiieieee e 1549
53.3.4  LCD Fault Detect Status Register (LCD_FDSR).....c..cooiiiiiiimiiiiiiieeeee st 1551
53.3.5 LCD Pin Enable register (LCD_PEN)......cooiuiiiiiiiiiiteeete ettt sttt ettt s 1552
53.3.6  LCD Back Plane Enable register (LCD_BPENZ).......cccooiiiiiiiiieieiee ettt 1553
53.3.7 LCD Waveform register (LCD_WEF3TO0).....c..coccoiiiiiriiiinieieniteieeteseete ettt 1553
53.3.8 LCD Waveform register (LCD_WETTO4)......cooiiiiiieiieeeeee ettt ettt ettt e 1554
53.3.9 LCD Waveform register (LCD_WEFTITOS8)......ccciiiiiiiieieeiesieeese ettt 1555

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

52

Preliminary Freescale Semiconductor, Inc.
General Business Information



b -

P

L ______________________________________________________________________4
Section number Title Page
53.3.10 LCD Waveform register (LCD_WEF1STO12)....cccuiiiiiiiiiiieieet ettt st 1556
53.3.11 LCD Waveform register (LCD_WEFIOTOL0)......ccccooiiiiiiiieieiteeiesieee ettt 1556
53.3.12 LCD Waveform register (LCD_WEF23TO20)......cccccceriiiiniirieiiieienieeieeitete ettt 1557
53.3.13 LCD Waveform register (LCD_WEF27TO24)....ccc.coiiiiiiiieiteet ettt ettt ettt 1557
53.3.14 LCD Waveform register (LCD_WEF31TO28)......cceooiiiiieiiiieiteeeeieee ettt st 1558
53.3.15 LCD Waveform register (LCD_WEF35TO32)......cccioiiriiiiiiieieeieieeteettete ettt sttt 1559
53.3.16 LCD Waveform register (LCD_WEF39TO36)........ccooutiiiiiiiiieiit ittt sttt et st 1559
53.3.17 LCD Waveform register (LCD_WEF43TO40)......cc.eooiiiiieiieieiteeeeteee ettt et siens 1560
53.3.18 LCD Waveform register (LCD_WEFATTOA4)......cccoiimiiiiitieieeeiteeetee ettt 1560
53.3.19 LCD Waveform register (LCD_WESTITOA8)....cc.uoiiiiieiiieiteeit ettt sttt et st 1561
53.3.20 LCD Waveform register (LCD_WEFS5TO52).....cccui ittt ettt 1562
53.3.21 LCD Waveform register (LCD_WEFS9TOS50)......ccccooiriiiiiiiiiiiieieeteeitete ettt 1562
53.3.22 LCD Waveform register (LCD_WFO3TOO00)........ccoctiriiiiiiiieiiieiteeieeite ettt ettt ettt 1563

53.4  FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt ettt et ee e e bt e st e bt ee e et e eneeebeemeees e e bt eaee bt emeesbeemsebeansenbeenseeseenseeneeneenee 1563
53.4.1  LCD controller driver deSCIIPION. ......coutetiritiiietenttete ettt ettt sttt et sttt sae et sbaesaeenaesaeesaeeaesaees 1564

5342 WEYTOX TEZISTETS. ..eeuvteeutieeuteetieeteertteestte ettt e sttt ette sttt estteeabeessteeatesabeesabeeabeesabe e stesabeesabeenbeesabeenasesbeesnseenseean 1573

53.4.3  LCD diSPIAY MOGES......eotieutieiieiieieett ettt ettt ettt ettt b et e et e bt es e bt en b e es e et e eae et e eneeeseeaeeneesaeentesneenaeenean 1574

53.4.4  LCD charge pump and pOWer SUPPLY OPEIAtION. .....c.eeuirririeriiiieritenitentteie ettt ettt et et enaees 1576

53145 RESEIS ettt e 1581

1 I 111 (S5 4 g1 o i FO OSSR SURRUP 1581

53.477  LCD display fault detect circuit (LFD).......cccoiiiiiniiiiiieniiierteeete ettt st 1582

53.5  INitialiZation SECTIOM......ccuiiiiiiiiiiiiiiti et 1589
53.5.1 INitialiZAtION SEQUETICE. .....c.eeutiuieiieiieiiiitet ettt ettt ettt ettt st st e ettt ae et eae b b ee 1589

53.5.2  INnitialiZation @XAMPLES....c..covuieiiriiiriieiieiteieet ettt ettt ettt ettt b ettt b bttt sbt e b et sbt e s bt bt e saeen 1590

53.6  ApPlICAtioN TNFOTTALION. ....ccuuiiiuiiiiieiit ettt ettt e b e et e e e et e e ate e bt e s bt e bt e s beesabeeabeesabeebeesabeenaeeenses 1596
53.6.1  LCD seven segment eXample deSCIIPLION. ....c..ccueruiriirerertinirentieert ettt ettt ne e saesne e 1597

53.6.2  LCD CONLASt CONLIOL..c..iiiiiiiiiiiiieitiietetet ettt et et s e 1600

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 53

General Business Information



h o
g |

Section number Title Page
Chapter 54
JTAG Controller (JTAGC)
S4.1 INEEOAUCHION. c..eiiiiiiiitiiiec ettt ettt et et ettt et e a et eae st b e ea e b ebesae et ebesueeae b e 1603
54.1.1 BIOCK QIAGTAIMN. ...ttt ettt ettt et et e st e s bt e et esa b e e sab e e bt e e bt e sabeesabeeaeesates 1603
SA.1.2  FRALUIES. .eueeeutieiteetiet ettt ettt et et e e e et e bt e et e e st e bt ea b e es e e bt ea b e ee e e eh e e b e ea b e e et e bt eabeeh e e bt eateen e e ebe e bt enteenee bt enneenean 1604
S54.1.3  MOAES OF OPETALION. ......euiimiiiuiiriiiettettete ettt ettt ettt ettt et eb e s bt e b e e bt e st eatesb e e bt eabeebtesbaenbeebeesbesbaenaees 1604
54.2  EXternal SIZNAl deSCIIPIION. ...utiruteiiieitteeteette ettt ettt et e bt e et e bt e st e e sttesa bt e sateeabe e bteeabeebeesabeebeesabeesssesabeenbaesaseeseean 1606
54.2.1  TCK——TeSt CIOCK INMPUL....eittitiiiieitieie ettt ettt ettt ettt e s bt e et et e s bt ebe s st e saeenbesseeaneenaesneesseenseanean 1606
54.2.2  TDI—TESt dAta INPUL.c..eetieiieitiriteiteeteete ettt ettt ettt ettt et eb e s bt et et et b e sbe e bt esbeeabesbeenbeensesaaenaeen 1606
54.2.3 TDO——TESt AALA OULPUL...c.teeutieeiieeite ettt et et ettt et e sttt esbeeeabe ettt sbeesateeabeesabeebeesabeessteeabeesaseenbeesaseenseesases 1606
54.2.4  TMS—TESt MOAE SCLECL. ... ..cctieuiitieiietieie ettt ettt ettt ettt e bt e st et e ese e bt eseeebeentesbeeneesseennesnnans 1606
54.3  ReEZISTET AESCIIPLION. ..c..eiutiiutieiiietteie ettt ettt ettt ettt at e bt et e st eb e e bt et e ea bt eb e e bt ea bt eatesb s e bt et e eaaesbeenbeemaeeatesbeenbeenaeeaee 1607
54.3.1 IS TIUCTION TEZISTET . c.u.teiuiieeniie ettt ettt ettt ettt ettt e st e bt e bt e ettt e bt e eabeesabeesabeesabeesabeessbeesbeenbaeenbeesabeeenseesares 1607
T G I 2 o T (Y 4 ) 1) OSSPSR 1607
54.3.3  Device 1dentifiCation TEZISET. . ..ceutetiriiiietiettett ettt ettt sttt et sb bt ettt s bt e bt et e sbeesbeebesbaesbeesbeesaesaeen 1607
54.3.4  BOUNAATY SCAN TEZISTET .. .eeuteiutieriieetieetteeiteetteetee sttt esttesatee sttt ebtesateesabeeabeesabe e stesabeesabeenseesabeenssesbeesnbeenseean 1608
544 FunCtional deSCIIPLION. ...c..eouiuiiieiiiiieiieitettete ettt sttt ettt et ettt b e bt sa et s b et e et e e e st eatebeeueebesbeebeebesaesaennen 1609
54.4.1  JTAGC 1reset CONFIGUIATION. ...c..eeruiiiiiiiiieieite ettt ettt ettt ettt et es e sbt bt et eatesbeesbeebeeanesaeen 1609
5442  IEEE 1149.1-2001 (JTAG) Test ACCESS POTT.......ceeuiriiieiiiiieiiiiicieiceeee e 1609
54.43  TAP controller State MACKINE. ........cceiiiiiiiiiiieteete ettt ettt ae et e e s et e te et e sbeeeesaeenaeeneas 1609
54444 JTAGC DIOCK INSIIUCHIONS. c..cuveviiiiieiiieietet ettt et et s et s e e 1611
54.4.5 BOUNAATY SCAN. ...ttt ettt ettt e s h e e bt e sab e e s bt e e bt e s abe e bt e sabeesabeenbeesabeenaeesnses 1614
54.5 Initialization/AppliCation INTOITATION. .. ..cueittitiertteteetie ettt ettt et ettt et ee bt e e eseesbeebeenaesbeesbeenseeneesseeseeneesneesseeneeenes 1614

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

54

Preliminary Freescale Semiconductor, Inc.
General Business Information



g |

Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

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

Freescale K40 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the K40 microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

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

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

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

The following typographic notation is used throughout this document:

Example Description

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

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

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

¢ A subset of a register's named field

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

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

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

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

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

In some cases, deasserted signals are described as negated.

reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
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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, 1.25
DMIPS/MHz, based on ARMvV7 architecture
System ¢ System integration module

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

Memories * Internal memories include:

* Program flash memory

¢ Programming acceleration RAM
* SRAM

* Serial programming interface: EzPort

Table continues on the next page...
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Table 2-1. Module functional categories (continued)

Module category Description

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

¢ System oscillator to provide clock source for the MCU

e RTC oscillator to provide clock source for the RTC

Security ¢ Cyclic Redundancy Check module for error detection
Analog ¢ High speed analog-to-digital converter with integrated programmable gain
amplifier

e Comparator
* Digital-to-analog converter
Internal voltage reference

Timers Programmable delay block
FlexTimers

Periodic interrupt timer

Low power timer

Carrier modulator transmitter

Independent real time clock

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

USB voltage regulator

CAN

Serial peripheral interface

Inter-integrated circuit (12C)

UART

Secured Digital host controller

Integrated interchip sound (I12S)

Communications

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

¢ Capacitive touch sense input interface enabled in hardware

* Segment LCD 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.

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

Module Description

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

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

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

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

e |EEE 1149.1 JTAG

¢ |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. Ten different modes are
supported that allow the user to optimize power consumption for the level of
functionality needed. Includes power-on-reset (POR) and integrated low voltage
detect (LVD) with reset (brownout) capability and selectable LVD trip points.

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

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

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

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

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

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

Module

Description

DMA multiplexer (DMAMUX)

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

Direct memory access (DMA) controller

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

External watchdog monitor (EWM)

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

Software watchdog (WDOG)

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

2.2.3 Memories and Memory Interfaces

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

Table 2-4. Memories and memory interfaces

Module

Description

Flash memory

* Program flash memory — non-volatile flash memory that can execute
program code
¢ FlexMemory — encompasses the following memory types:
* Programming acceleration RAM — RAM memory that accelerates
flash programming

Flash memory controller

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

SRAM

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

SRAM controller

Manages simultaneous accesses to system RAM by multiple master peripherals
and core.

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.
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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
System oscillator The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.
Real-time clock oscillator The RTC oscillator has an independent power supply and supports a 32 kHz

crystal oscillator to feed the RTC clock. Optionally, the RTC oscillator can replace
the system oscillator as the main oscillator source.

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

Table 2-6. Security and integrity modules

Module Description

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 designed with integrated programmable gain
and programmable-gain amplifiers amplifiers (PGA)
(PGA)
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.
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2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module Description

16-bit resolution

3-bit prescaler

Positive transition of trigger event signal initiates the counter

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

controlled delay from the trigger event

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

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

e Supports bypass mode

* Supports DMA

Programmable delay block (PDB)

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

Periodic interrupt timers (PIT) Four general purpose interrupt timers
Interrupt timers for triggering ADC conversions
32-bit counter resolution

DMA support

Low-power timer (LPTimer) 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

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

Module

Description

Carrier modulator timer (CMT)

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

Real-time clock (RTC)

¢ Independent power supply, POR, and 32 kHz Crystal Oscillator

* 32-bit seconds counter with 32-bit Alarm

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

2.2.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module

Description

USB OTG (low-/full-speed)

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

USB Device Charger Detect (USBDCD)

The USBDCD monitors the USB data lines to detect a smart charger meeting the
USB Battery Charging Specification Rev1.1. This information allows the MCU to
better manage the battery charging IC in a portable device.

USB voltage regulator

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

Controller Area Network (CAN)

Supports the full implementation of the CAN Specification Version 2.0, Part B

Serial peripheral interface (SPI)

Synchronous serial bus for communication to an external device

Inter-integrated circuit (12C)

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

Universal asynchronous receiver/
transmitters (UART)

Asynchronous serial bus communication interface with programmable 8- or 9-bit
data format and support of CEA709.1-B (LON), ISO 7816 smart card interface

Secure Digital host controller (SDHC)

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

128

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
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2.2.9 Human-machine interfaces

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

Table 2-10. HMI modules

Module Description

General purpose input/output (GPIO) All general purpose input or output (GPIO) pins are capable of interrupt and DMA
request generation. All GPIO pins have 5 V tolerance.

Capacitive touch sense input (TSI) Contains up to 16 channel inputs for capacitive touch sensing applications.
Operation is available in low-power modes via interrupts.

Segment LCD controller Generates the appropriate waveforms to drive multiplexed numeric, alpha-numeric,
or custom LCD panels. Supports 3V or 5V LCD panels.

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 Package Total Program | EEPROM| SRAM GPIO
count flash flash
frequenc
memory
y

MK40DN512VLL10 100 MHz |100 LQFP 512 KB 512 KB — 128 KB 64
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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 http://
www.arm.com.
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Figure 3-1. Core configuration

Table 3-1. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-M4 core, http://www.arm.com
rop1

System memory map
Clock distribution
Power management

System memory map

Clocking

Power management

Crossbar switch

System/instruction/data Crossbar switch
bus module
System/instruction/data SRAM SRAM
bus module
Debug IEEE 1149.1 JTAG Debug
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)

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 |The ICODE and DCODE buses are muxed. This muxed bus is called the CODE bus and is
Data code (DCODE) bus connected to the crossbar switch via a single master port. In addition, the CODE bus is also
( )bu tightly coupled to the lower half of the system RAM (SRAM_L).

The system bus is connected to a separate master port on the crossbar. In addition, the
system bus is tightly coupled to the upper half system RAM (SRAM_U).

System bus

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, ETM, 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 http://
www.arm.com.
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Figure 3-2. NVIC configuration

Table 3-2. Reference links to related information

Topic Related module Reference

Full description Nested Vectored http://www.arm.com
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

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_006C 27 11 0 2 DMA DMA channel 11 transfer complete
0x0000_0070 28 12 0 3 DMA DMA channel 12 transfer complete
0x0000_0074 29 13 0 3 DMA DMA channel 13 transfer complete
0x0000_0078 30 14 0 3 DMA DMA channel 14 transfer complete
0x0000_007C 31 15 0 3 DMA DMA channel 15 transfer complete
0x0000_0080 32 16 0 4 DMA DMA error interrupt channels 0-15
0x0000_0084 33 17 0 4 MCM Normal interrupt
0x0000_0088 34 18 0 4 Flash memory Command complete
0x0000_008C 35 19 0 4 Flash memory Read collision
0x0000_0090 36 20 0 5 Mode Controller Low-voltage detect, low-voltage warning
0x0000_0094 37 21 0 5 LLWU Low Leakage Wakeup
NOTE: The LLWU interrupt must not be
masked by the interrupt
controller to avoid a scenario
where the system does not fully
exit stop mode on an LLS
recovery.
0x0000_0098 38 22 0 5 WDOG or EWM Both watchdog modules share this
interrupt.
0x0000_009C 39 23 0 5 — —
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_00B0O 44 28 0 7 SPI2 Single interrupt vector for all sources
0x0000_00B4 45 29 0 7 CANO OR'ed Message buffer (0-15)
0x0000_00B8 46 30 0 7 CANO Bus Off
0x0000_00BC 47 31 0 7 CANO Error
0x0000_00C0 48 32 1 8 CANO Transmit Warning
0x0000_00C4 49 33 1 8 CANO Receive Warning
0x0000_00C8 50 34 1 8 CANO Wake Up
0x0000_00CC 51 35 1 8 12S0 Transmit
0x0000_00D0 52 36 1 9 12S0 Receive
0x0000_00D4 53 37 1 9 CAN1 OR'ed Message buffer (0-15)
0x0000_00D8 54 38 1 9 CAN1 Bus off
0x0000_00DC 55 39 1 9 CAN1 Error
0x0000_00EO 56 40 1 10 CAN1 Transmit Warning
0x0000_00E4 57 41 1 10 CAN1 Receive Warning
0x0000_00ES8 58 42 1 10 CAN1 Wake Up

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_00EC 59 43 1 10 — —
0x0000_00F0 60 44 1 11 UARTO Single interrupt vector for UART LON
sources
0x0000_00F4 61 45 1 11 UARTO Single interrupt vector for UART status
sources
0x0000_00F8 62 46 1 11 UARTO Single interrupt vector for UART error
sources
0x0000_00FC 63 47 1 11 UARTH1 Single interrupt vector for UART status
sources
0x0000_0100 64 48 1 12 UARTH1 Single interrupt vector for UART error
sources
0x0000_0104 65 49 1 12 UART2 Single interrupt vector for UART status
sources
0x0000_0108 66 50 1 12 UART2 Single interrupt vector for UART error
sources
0x0000_010C 67 51 1 12 UARTS3 Single interrupt vector for UART status
sources
0x0000_0110 68 52 1 13 UART3 Single interrupt vector for UART error
sources
0x0000_0114 69 53 1 13 UART4 Single interrupt vector for UART status
sources
0x0000_0118 70 54 1 13 UART4 Single interrupt vector for UART error
sources
0x0000_011C 71 55 1 13 — —
0x0000_0120 72 56 1 14 — —
0x0000_0124 73 57 1 14 ADCO —
0x0000_0128 74 58 1 14 ADCA1 —
0x0000_012C 75 59 1 14 CMPO —
0x0000_0130 76 60 1 15 CMPA1 —
0x0000_0134 77 61 1 15 CMP2 —
0x0000_0138 78 62 1 15 FTMO Single interrupt vector for all sources
0x0000_013C 79 63 1 15 FTMA1 Single interrupt vector for all sources
0x0000_0140 80 64 2 16 FTM2 Single interrupt vector for all sources
0x0000_0144 81 65 2 16 CMT —
0x0000_0148 82 66 2 16 RTC Alarm interrupt
0x0000_014C 83 67 2 16 RTC Seconds interrupt
0x0000_0150 84 68 2 17 PIT Channel 0
0x0000_0154 85 69 2 17 PIT Channel 1
0x0000_0158 86 70 2 17 PIT Channel 2
0x0000_015C 87 71 2 17 PIT Channel 3

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_0160 88 72 18 PDB —
0x0000_0164 89 73 18 USB OTG —
0x0000_0168 90 74 2 18 USB Charger —
Detect

0x0000_016C e} 75 2 18 — —
0x0000_0170 92 76 2 19 — —
0x0000_0174 93 77 2 19 — —
0x0000_0178 94 78 2 19 — —
0x0000_017C 95 79 2 19 — —
0x0000_0180 96 80 2 20 SDHC —
0x0000_0184 97 81 2 20 DACO —
0x0000_0188 98 82 2 20 — —
0x0000_018C 99 83 2 20 TSI Single interrupt vector for all sources
0x0000_0190 100 84 2 21 MCG —
0x0000_0194 101 85 2 21 Low Power Timer |—
0x0000_0198 102 86 2 21 Segment LCD Single interrupt vector for all sources
0x0000_019C 103 87 2 21 Port control module | Pin detect (Port A)
0x0000_01A0 104 88 2 22 Port control module | Pin detect (Port B)
0x0000_01A4 105 89 2 22 Port control module | Pin detect (Port C)
0x0000_01A8 106 90 2 22 Port control module |Pin detect (Port D)
0x0000_01AC 107 91 2 22 Port control module | Pin detect (Port E)
0x0000_01B0 108 92 2 23 — —
0x0000_01B4 109 93 2 23 — —
0x0000_01B8 110 94 2 23 Software Software interrupt*

—

Indicates the NVIC's interrupt source number.

2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this
value is: IRQ div 32

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

4. This interrupt can only be pended or cleared via the NVIC registers.

3.2.2.3.1 Determining the bitfield and register location for configuring a

particular interrupt

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following
table is an excerpt of the LPTMR row from Interrupt channel assignments.
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Chapter 3 Chip Configuration

Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0194 101 85 2 21 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:
* NVICISER2

e NVICICER2

e NVICISPR2

e NVICICPR2
* NVICIABR2

* NVICIPR21

e To determine the particular IRQ's bitfield location within these particular registers:

* NVICISER2, NVICICER2, NVICISPR2, NVICICPR2, NVICIABR2 bit
location = IRQ mod 32 =21
* NVICIPR21 bitfield starting location = 8 * (IRQ mod 4) + 4 =12

Since the NVICIPR bitfields are 4-bit wide (16 priority levels), the NVICIPR21

bitfield range is 12-15

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

e NVICISER2[2]]

e NVICICER2[21]

e NVICISPR2[21]

* NVICICPR2[21]
* NVICIABR2[21]

e NVICIPR21[15:12]

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 http://
WWW.arm.com.
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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 Stop and VLPS Wake-up Sources

Wake-up source Description

Available system resets RESET pin and WDOG when LPO is its clock source, and JTAG

Low-voltage detect Mode Controller

Low-voltage warning Mode Controller

Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCx The ADC is functional when using internal clock source

CMPx Since no system clocks are available, functionality is limited

12C Address match wakeup

UART Active edge on RXD

USB Wakeup

LPTMR Functional in Stop/VLPS modes

RTC Functional in Stop/VLPS modes

SDHC Wakeup

12S Functional when using an external bit clock or external master clock

TSI

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

Wake-up source Description

CAN

Segment LCD

NMI Non-maskable interrupt

3.2.4 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.

JTAG controller

cJTAG
Signal multiplexing

Figure 3-4. JTAGC Controller configuration

Table 3-8. 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.
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Figure 3-5. SIM configuration

Table 3-9. Reference links to related information

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

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

System Mode
Controller (SMC)

Resets

Power Management
Controller (PMC)

Figure 3-6. System Mode Controller configuration

Table 3-10. 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

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

Topic Related module Reference
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.3 PMC Configuration

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

Peripheral
bridge

Register access

%"é Module Module % g
o] ; . n
§ ol Signals Power Management | _signals | =

18 Controller (PMC) £3

© n s

S= @S

(&)

Figure 3-7. PMC configuration
Table 3-11. Reference links to related information
Topic Related module Reference
Full description PMC PMC

System memory map

System memory map

Power management

Power management

System Mode
Controller (SMC)

Full description

System Mode Controller

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

Register

access

Wake-up
requests

Low-Leakage Wake-up
Unit (LLWU)

Power Management
Controller (PMC)

i

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

Table 3-12. Reference links to related information

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

3.3.4.1 Wake-up Sources

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

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

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

NOTE
RESET is also a wakeup source, depending on the bit setting in
the LLWU_RST register. On devices where RESET is not a
dedicated pin, it must also be enabled in the explicit port mux
control.
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Table 3-13. Wakeup sources for LLWU inputs
Input Wakeup source Input Wakeup source

LLWU_PO PTE1/LLWU_PO pin LLWU_P12 PTDO/LLWU_P12 pin
LLWU_P1 PTE2/LLWU_P1 pin LLWU_P13 PTD2/LLWU_P13 pin
LLWU_P2 PTE4/LLWU_P2 pin LLWU_P14 PTD4/LLWU_P14 pin
LLWU_P3 PTA4/LLWU_P3 pin' LLWU_P15 PTD6/LLWU_P15 pin
LLWU_P4 PTA13/LLWU_P4 pin LLWU_MOIF |LPTMRZ
LLWU_P5 PTBO/LLWU_PS5 pin LLWU_M1IF  |CMPO0?
LLWU_P6 PTC1/LLWU_PS6 pin LLWU_M2IF  |CMP12
LLWU_P7 PTCS3/LLWU_P7 pin LLWU_MSIF  |CMP22
LLWU_P8 PTC4/LLWU_P8 pin LLWU_M4IF  |TSI?
LLWU_P9 PTC5/LLWU_P9 pin LLWU_MSIF  |RTC Alarm?
LLWU_P10 [PTC6/LLWU_P10 pin LLWU_M6IF |Reserved
LLWU_P11 |PTC11/LLWU_P11 pin LLWU_M7IF |RTC Seconds?

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

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.

<

=

é o PPB Miscellaneous

88 Trant Control Module
ransiers

é (MCM)

Figure 3-9. MCM configuration

Table 3-14. Reference links to related information

Topic

Related module

Reference

Full description

Miscellaneous control
module (MCM)

MCM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Transfers

Private Peripheral Bus
(PPB)

ARM Cortex-M4 core

ARM Cortex-M4 core

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc.

Preliminary

General Business Information

79



g |

sysiem modules

3.3.6 Crossbar Switch Configuration

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

Master Modules Slave Modules

Crossbar Switch
ARM core o
code bus ~=
ol |= Flash
ARM core @ 2 controller
system bus — -% _
s 85
oo
53
g
DMA £ SRAM
12 >
x o @ = backdoor
2 =
EzPort o Peripheral
@ bridge 0
Peripheral
bridge 1
x
o) I - |
m
GPIO
usB >3 controller
SDHC > 2

Figure 3-10. Crossbar switch integration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description Crossbar switch Crossbar Switch
System memory map System memory map
Clocking Clock Distribution
Memory protection MPU MPU
Crossbar switch master | ARM Cortex-M4 core ARM Cortex-M4 core
Crossbar switch master DMA controller DMA controller

Table continues on the next page...

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

80 Preliminary Freescale Semiconductor, Inc.
General Business Information




g |

4
Chapter 3 Chip Configuration

Table 3-15. Reference links to related information (continued)

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

Crossbar switch slave Flash Flash

Crossbar switch slave SRAM backdoor SRAM backdoor
Crossbar switch slave Peripheral bridges Peripheral bridge
Crossbar switch slave GPIO controller GPIO controller

3.3.6.1 Crossbar Switch Master Assignments

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

Master module Master port number
ARM core code bus 0
ARM core system bus 1
DMA/EzPort 2
USB OTG 4
SDHC 5
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 Switch Slave Assignments

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

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

Peripheral bridge 0' No. Protection built into bridge.

Peripheral bridge 1/GPIO’

W[l N = O

No. Protection built into bridge.

1. See System memory map for access restrictions.
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3.3.6.3 PRS register reset values
The AXBS_PRSn registers reset to 0054_3210h.

3.3.7 Memory Protection Unit (MPU) Configuration

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

Peripheral
bridge 0

Register
access

Logical Transfers Transfers
Master
kx?gifal Memory Protection (_>
aster ;

Unit (MPU)

Logical

Master

Figure 3-11. Memory Protection Unit configuration

Table 3-16. Reference links to related information

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

Power management Power management

Logical masters Logical master assignments

Slave modules Slave module assignments

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

Table 3-17. MPU Slave Port Assignments

Source MPU Slave Port Assignment Destination
Crossbar slave port 0 MPU slave port 0 Flash Controller
Crossbar slave port 1 MPU slave port 1 SRAM backdoor

Table continues on the next page...
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Table 3-17. MPU Slave Port Assignments
(continued)

Source MPU Slave Port Assignment Destination
Code Bus MPU slave port 2 SRAM_L frontdoor
System Bus MPU slave port 3 SRAM_U frontdoor

3.3.7.2 MPU Logical Bus Master Assignments

The logical bus master assignments for the MPU are:

Table 3-18. MPU Logical Bus Master Assignments

MPU Logical Bus Master Number Bus Master

Core

Debugger
DMA
none
USB
SDHC
none

Nfojloa|h~|WO| N =] O

none

3.3.7.3 MPU Access Violation Indications

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

Table 3-19. Access Violation Indications

Bus Master Core Indication

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

Debugger The STICKYERROR flag is set in the Debug Port Control/Status Register.
DMA Interrupt vector #32
USB_OTG Interrupt vector #89
SDHC Interrupt vector #96
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3.3.7.4 Reset Values for RGDO Registers

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

The following table shows the chip-specific reset values for RGD0 and RGDAACO.
Table 3-20. Reset Values for RGDO0 Registers

Register Reset value
RGDO_WORDO 0000_0000h
RGDO0_WORD1 FFFF_FFFFh
RGD0O_WORD2 0061_F7DFh
RGDO_WORD3 0000_0001h
RGDAACO 0061_F7DFh

3.3.7.5 Write Access Restrictions for RGDO0 Registers

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

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

These protections (summarized below) guarantee that the debugger always has access to
the entire address space and those rights cannot be changed by the core or any other bus
master.

Table 3-21. Write Access to RGDO Registers

Bus Master Write Access?

Core Partial. The Core cannot write to the following registers or
register fields:
e RGDO_WORDO, RGDO_WORD1, RGDO_WORDS3
* RGDO_WORD2[M1SM, M1UM]
* RGDAACO[M1SM, M1UM]

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

Debugger Yes

All other masters No
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3.3.8 Peripheral Bridge Configuration

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

Transfers AIPS-Lite Transfers
peripheral bridge

Peripherals

Crossbar switch

Figure 3-12. Peripheral bridge configuration

Table 3-22. 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

3.3.8.1 Number of peripheral bridges

This device contains two identical peripheral bridges.

3.3.8.2 Memory maps

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPSO Memory Map and AIPS1 Memory Map for the memory slot
assignment for each module.

3.3.8.3 MPRA register

Each of the two peripheral bridges supports up to 8 crossbar switch masters, each
assigned to a MPROTX field in the MPRA register. However, fewer are supported on this
device. See Crossbar switch for details of the master port assignments for this device.
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3.3.8.4 AIPS_Lite MPRA register reset value
o AIPSx_MPRA reset value 1s 0x7770_0000

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

3.3.8.5 PACR registers

Each of the two peripheral bridges support up to 128 peripherals each assigned to an
PACRXx field within the PACRA-PACRP registers. However, fewer peripherals are
supported on this device. See AIPSO Memory MapandAIPS1 Memory Map for details of
the peripheral slot assignments for this device. Unused PACRXx fields are reserved.

3.3.8.6 AIPS_Lite PACRE-P register reset values

The AIPSx_PACRE-P reset values depend on if the module is available on your
particular device. For each populated slot in slots 32-127 in Peripheral Bridge 0 (AIPS-
Lite 0) Memory Map and Peripheral Bridge 1 (AIPS-Lite 1) Memory Map, the
corresponding module's PACR[32:127] field resets to 0x4.

3.3.9 DMA request multiplexer configuration

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

Peripheral
bridge 0
Register
access
Requests -m
% Channel
° Multiplexer H :
=
a

Figure 3-13. DMA request multiplexer configuration

Table 3-23. Reference links to related information

Topic Related module Reference
Full description DMA request DMA Mux
multiplexer

Table continues on the next page...
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Table 3-23. Reference links to related information (continued)

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

3.3.9.1 DMA MUX request sources

This device includes a DMA request mux that allows up to 63 DMA request signals to be
mapped to any of the 16 DMA channels.

Because of the mux there is not a hard correlation between any of the DMA request
sources and a specific DMA channel.

Table 3-24. DMA request sources - MUX 0

Source Source module Source description
number

0 — Channel disabled'
1 Reserved Not used
2 UARTO Receive
3 UARTO Transmit
4 UART1 Receive
5 UART1 Transmit
6 UART2 Receive
7 UART2 Transmit
8 UARTS3 Receive
9 UARTS3 Transmit
10 UART4 Receive
11 UART4 Transmit
12 Reserved —

13 Reserved —

14 1280 Receive
15 12S0 Transmit
16 SPIO Receive
17 SPIO Transmit
18 SPI Receive
19 SPI1 Transmit
20 SPI2 Receive

Table continues on the next page...

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc. Preliminary 87
General Business Information




}{—

sysiem modules

Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
21 SPI2 Transmit
22 12Co —
23 12C1 —
24 FTMO Channel 0
25 FTMO Channel 1
26 FTMO Channel 2
27 FTMO Channel 3
28 FTMO Channel 4
29 FTMO Channel 5
30 FTMO Channel 6
31 FTMO Channel 7
32 FTMA1 Channel 0
33 FTMA1 Channel 1
34 FTM2 Channel 0
35 FTM2 Channel 1
36 Reserved —
37 Reserved —
38 Reserved —
39 Reserved —
40 ADCO —
41 ADC1 —
42 CMPO —
43 CMP1 —
44 CMP2 —
45 DACO —
46 Reserved —
47 CMT —
48 PDB —
49 Port control module Port A
50 Port control module Port B
51 Port control module Port C
52 Port control module Port D
53 Port control module Port E
54 DMA MUX Always enabled
55 DMA MUX Always enabled
56 DMA MUX Always enabled
57 DMA MUX Always enabled
58 DMA MUX Always enabled
59 DMA MUX Always enabled

Table continues on the next page...
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Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
60 DMA MUX Always enabled
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

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

3.3.9.2 DMA transfers via PIT trigger

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

3.3.10 DMA Controller Configuration

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

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

Peripheral
bridge 0

Register
access

Transfers Requests

DMA Controller

Crossbar switch
DMA Multiplexer

Figure 3-14. DMA Controller configuration

Table 3-25. 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
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3.3.11 External Watchdog Monitor (EWM) Configuration

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

Peripheral
bridge 0
Register
access
()]
£
3
External Watchdog Module signals | o
. >
Monitor (EWM) E
g
2
@

Figure 3-15. External Watchdog Monitor configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description External Watchdog EWM
Monitor (EWM)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port Control Module Signal multiplexing

3.3.11.1 EWM clocks

This table shows the EWM clocks and the corresponding chip clocks.
Table 3-27. EWM clock connections

Module clock Chip clock
Low Power Clock 1 kHz LPO Clock

3.3.11.2 EWM low-power modes

This table shows the EWM low-power modes and the corresponding chip low-power
modes.
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Table 3-28. EWM low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS, LLS
Power Down VLLS3, VLLS2, VLLS1

3.3.11.3 EWNM_OUT pin state in low power modes

During Wait, Stop and Power Down modes the EWM_OUT pin enters a high-impedance
state. A user has the option to control the logic state of the pin using an external pull
device or by configuring the internal pull device. When the CPU enters a Run mode from
Wait or Stop recovery, the pin resumes its previous state before entering Wait or Stop
mode. When the CPU enters Run mode from Power Down, the pin returns to its reset
state.

3.3.12 Watchdog Configuration

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

Peripheral
bridge 0

Register
access

WDOG

Mode Controller

Figure 3-16. Watchdog configuration

Table 3-29. Reference links to related information

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

This table shows the WDOG module clocks and the corresponding chip clocks.
Table 3-30. WDOG clock connections

Module clock Chip clock
LPO Oscillator 1 kHz LPO Clock
Alt Clock Bus Clock
Fast Test Clock Bus Clock
System Bus Clock Bus Clock

3.3.12.2 WDOG low-power modes

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

Table 3-31. 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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Peripheral
bridge

Register
access

System

RTC
oscillator| |oscillator

Multipurpose Clock
Generator (MCG)

System integration
module (SIM)

Figure 3-17. MCG configuration

Table 3-32. 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

3.4.2 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.

MCG

Peripheral
bridge

Register
access

System oscillator

Module signals

Signal multiplexing

Figure 3-18. OSC configuration

Table 3-33. Reference links to related information

Topic

Related module

Reference

Full description

0SC

0SC

System memory map

System memory map

Clocking

Clock distribution

Table continues on the next page...
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Table 3-33. Reference links to related information (continued)

Topic Related module Reference
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.

Module signals

MCG

32-kHz RTC oscillator

Signal multiplexing

Figure 3-19. RTC OSC configuration

Table 3-34. 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.
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Peripheral bus
controller 0

Register
access

Transfers

Flash memory
controller

Flash memory

Figure 3-20. Flash memory configuration

Table 3-35. Reference links to related information

Topic

Related module

Reference

Full description

Flash memory

Flash memory

System memory map

System memory map

Clocking

Clock Distribution

Transfers

Flash memory
controller

Flash memory controller

Register access

Peripheral bridge

Peripheral bridge

3.5.1.1 Flash memory types

This device contains the following types of flash memory:

* Program flash memory — non-volatile flash memory that can execute program code
* FlexMemory — encompasses the following memory types:
e Programming acceleration RAM — RAM memory that accelerates flash

programming

3.5.1.2 Flash Memory Sizes

The devices covered in this document contain:

* 2 blocks 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 (P-Flash) Block 1 (P-Flash)
address range' address range'
MK40DN512VLL10 512 0x0000_0000 — 0x0004_0000 —
0x0003_FFFF 0x0007_FFFF
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1. The addresses shown assume program flash swap is disabled (default configuration).

3.5.1.3 Flash Memory Map

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

Flash memory base address
Registers

Program flash base address
Flash configuration field

Program flash

Programming acceleration
RAM base address RAM

Figure 3-21. Flash memory map

3.5.1.4 Flash Security

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

3.5.1.5 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.

3.5.1.6 Erase All Flash Contents

In addition to software, the entire flash memory may be erased external to the flash
memory in two ways:

1. Via the EzPort by issuing a bulk erase (BE) command. See the EzPort chapter for
more details.

2. Via the SWJ-DP debug port by setting DAP_CONTROL[0]. DAP_STATUSIO] is set
to indicate the mass erase command has been accepted. DAP_STATUSIO0] is cleared
when the mass erase completes.
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3.5.1.7 FTFL_FOPT Register

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

3.5.2 Flash Memory Controller Configuration

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

Peripheral bus
controller 0

Register

access
< s
5
@ 5 .| Transfers Transfers £
5 8% Flash memory g
2 z controller <
o E =
© 2

Figure 3-22. Flash memory controller configuration

Table 3-36. Reference links to related information

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

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

Register access Peripheral bridge Peripheral bridge

3.5.2.1 Number of masters

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

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

While not using swap:

If swap is used, the opposite is true:

3.5.3 SRAM Configuration

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

Cortex-M4 [~ MPU 3
core |« o SRAM upper
C
8 | Transfers |- --------=----- -
=
Crossbar |_ | vipu = SRAM lower
switch n

Figure 3-23. SRAM configuration

Table 3-37. 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
Memory protection unit Memory protection unit

3.5.3.1 SRAM sizes

This device contains SRAM tightly coupled to the ARM Cortex-M4 core. The amount of
SRAM for the devices covered in this document is shown in the following table.

Device SRAM (KB)
MK40DN512VLL10 128
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3.5.3.2 SRAM Arrays

The on-chip SRAM is split into two equally-sized logical arrays, SRAM_L and
SRAM_U.

The on-chip RAM is implemented such that the SRAM_L and SRAM_U ranges form a
contiguous block in the memory map. As such:

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

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

address.
Valid address ranges for SRAM_L and SRAM_U are then defined as:

 SRAM_L = [0x2000_0000—(SRAM_size/2)] to Ox1FFF_FFFF
 SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM_size/2)-1]

This is illustrated in the following figure.

0x2000_0000 — SRAM_size/2
(a\]
~ A
(0]
N
@ SRAM_L
=
<
oc
@ Ox1FFF_FFFF
N 0x2000_0000
B
N
@ SRAM_U
=
oc
'y

0x2000_0000 + SRAM_size/2 - 1
Figure 3-24. SRAM blocks memory map

For example, for a device containing 64 KB of SRAM the ranges are:

« SRAM_L: Ox1FFF_8000 — 0x1FFF_FFFF
* SRAM_U: 0x2000_0000 — 0x2000_7FFF

3.5.3.3 SRAM retention in low power modes
The SRAM is retained down to VLLS3 mode.
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In VLLS?2 the 4 or 16 KB (user option) region of SRAM_U from 0x2000_0000 is
powered. These different regions (or partitions) of SRAM are labeled as follows:

* RAMI: the 4 KB region always powered in VLLS2
» RAM2: the additional 12 KB region optionally powered in VLLS2
* RAMa3: the rest of system RAM

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

3.5.3.4 SRAM accesses

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

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

The following figure illustrates the SRAM accesses within the device.

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

Figure 3-25. SRAM access diagram

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

* Core code and core system

* Core code and non-core master

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

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

3.5.3.5 SRAM arbitration and priority control

The MCM's SRAMAP register controls the arbitration and priority schemes for the two
SRAM arrays.

3.5.4 SRAM Controller Configuration

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

Cortex-M4 [~ < s 5

core  |ew| MPU I o

N 5

SRAM controller Transfers  f-------

E —

Crossbar < 2
[—] [ m

switch MPU n 2

Figure 3-26. SRAM controller configuration

Table 3-38. Reference links to related information

Topic Related module Reference
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Transfers SRAM SRAM
ARM Cortex-M4 core ARM Cortex-M4 core
MPU Memory protection unit
Configuration MCM MCM
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3.5.5 System Register File Configuration

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

Peripheral
bridge 0

Register
access

Register file

Figure 3-27. System Register file configuration

Table 3-39. 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

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

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

3.5.6 VBAT Register File Configuration

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

Figure 3-28. VBAT Register file configuration

Table 3-40. 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

3.5.6.1 VBAT register file

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

powered by VBAT.

It is only reset during VBAT power-on reset.

3.5.7 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.

Transfers

Crossbar switch

EzPort

Module signals

Signal multiplexing

Figure 3-29. EzPort configuration

Table 3-41. Reference links to related information

Topic

Related module

Reference

Full description

EzPort

EzPort

Table continues on the next page...
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Table 3-41. Reference links to related information (continued)
Topic Related module Reference
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.5.7.1 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.

3.5.7.2 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) is 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

3.6.1 CRC Configuration

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

Register
access

CRC

Figure 3-30. CRC configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description CRC CRC
System memory map System memory map
Power management Power management
3.7 Analog

3.7.1 16-bit SAR ADC with PGA 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 3-31. 16-bit SAR ADC with PGA configuration
Table 3-43. Reference links to related information
Topic Related module Reference
Full description 16-bit SAR ADC with 16-bit SAR ADC with PGA
PGA

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. Each ADC contains a PGA channel for a total of two
separate PGAs.

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 were PDB is bypassed. The ADC can
trigger the DMA (via DMA req) on conversion completion.
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3.7.1.3 Connections/channel assignment

3.7.1.3.1 ADCO Connections/Channel Assignment

NOTE

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

3.7.1.3.1.1 ADCO Channel Assignment for 100-Pin Package

ADC Channel Channel Input signal Input signal
(SC1n[ADCH])) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
00000 DADO ADCO_DP0 and ADCO_DMO' | ADCO_DP0?
00001 DAD1 ADCO_DP1 and ADCO_DM1 | ADCO_DP1
00010 DAD2 PGAO_DP and PGAO_DM PGAO_DP
00011 DAD3 ADCO_DP3 and ADCO_DM33 | ADCO_DP3*
00100% AD4a Reserved
00101° AD5a Reserved
00110° AD6a Reserved
00111° AD7a Reserved
00100° AD4b Reserved ADCO_SE4b
001015 AD5b Reserved ADCO_SE5b
00110° AD6b Reserved ADCO_SE6b
00111° AD7b Reserved ADCO_SE7b
01000 AD8 Reserved ADCO_SEB8°
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
10001 AD17 Reserved
10010 AD18 Reserved
10011 AD19 Reserved ADCO_DM08
10100 AD20 Reserved ADCO_DM1
10101 AD21 Reserved
10110 AD22 Reserved

Table continues on the next page...
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)
10111 AD23 Reserved 12-bit DACO Output/
ADCO_SE23
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°®
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADC1_DP3 and ADC1_DMS3
2. |Interleaved with ADC1_DP3
3. Interleaved with ADC1_DPO and ADC1_DMO0
4. Interleaved with ADC1_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.
6. Interleaved with ADC1_SES8
7. Interleaved with ADC1_SE9
8. Interleaved with ADC1_DMS3
9. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

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

sheet for the bandgap voltage (Vgg) specification.

3.7.1.4 ADC1 Connections/Channel Assignment

NOTE

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

3.7.1.4.1 ADC1 Channel Assignment for 100-Pin Package
ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
00000 DADO ADC1_DP0 and ADC1_DMO0' | ADC1_DP0?
00001 DAD1 ADC1_DP1 and ADC1_DM1 | ADC1_DP1
00010 DAD2 PGA1_DP and PGA1_DM PGA1_DP
00011 DAD3 ADC1_DP3 and ADC1_DM33 | ADC1_DP3*
00100° AD4a Reserved ADC1_SE4a
00101° AD5a Reserved ADC1_SE5a
00110° AD6a Reserved ADC1_SE6a
00111 AD7a Reserved ADC1_SE7a
Table continues on the next page...
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)
00100° AD4b Reserved ADC1_SE4b
001015 AD5b Reserved ADC1_SE5b
00110° AD6b Reserved ADC1_SE6b
001112 AD7b Reserved ADC1_SE7b
01000 ADS8 Reserved ADC1_SES8®
01001 AD9 Reserved ADC1_SE97
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved Reserved
01101 AD13 Reserved
01110 AD14 Reserved ADC1_SE14
01111 AD15 Reserved ADC1_SE15
10000 AD16 Reserved
10001 AD17 Reserved
10010 AD18 Reserved VREF Output
10011 AD19 Reserved ADC1_DM08
10100 AD20 Reserved ADC1_DMH1
10101 AD21 Reserved Reserved
10110 AD22 Reserved
10111 AD23 Reserved
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)° Bandgap (S.E)°
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled
1. Interleaved with ADCO_DP3 and ADCO_DMS3
2. Interleaved with ADCO_DP3
3. Interleaved with ADCO_DPO and ADC0O_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_DMS3
9. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

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

sheet for the bandgap voltage (Vgg) specification.
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3.7.1.5 ADC Channels MUX Selection

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

ADCx_SE4ac——— AD4{00100]
ADCx_SE5a00—-
ADCx_SE6al——-
ADCx_SE7a0——
ADCx_SE4bD3 ADS [00110]

ADCx_SE6bO—— »
ADCx_SE7b 0———

v

AD5 [00101]

ADC

Figure 3-32. ADCx_SEn channels a and b selection

3.7.1.6 ADC Hardware Interleaved Channels

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

ADCO_SE8/ADC1_SE8 ADCO
» > AD8

ADCO_SE9/ADC1_SE9 AD9

____________ ADCA1
> ADs

——————————— > AD9

Figure 3-33. ADC hardware interleaved channels integration
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3.7.1.7 ADC and PGA Reference Options
The ADC supports the following references:

 VREFH/VREFL - connected as the primary reference option
* 1.2 V VREF_OUT - connected as the Vo1 1 reference option

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

The only reference option for the PGA is the 1.2 V VREF_OUT source. The VREF_OUT
signal can either be driven by an external voltage source via the VREF_OUT pin or from
the output of the VREF module. Ensure that the VREF module is disabled when an
external voltage source is used instead. For PGA maximum differential input signal
swing range, refer to the device data sheet for 16-bit ADC with PGA characteristics.

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 trigger can receive the RTC (alarm/seconds) trigger input 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 SOPT7 register.

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

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

NOTE
This clock option is only usable when OSCERCLK is in the
MHz range. A system with OSCERCLK in the kHz range has
the optional clock source below minimum ADC clock operating
frequency.
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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, VLLSS, VLLS2, VLLS1

3.7.1.11 PGA Integration

* No additional external pins are required for the PGA as it is part of the ADC and is
selected as a separate channel

* Each PGA connects to the differential ADC channels
* The PGA outputs differential pairs that are connected to ADC differential input

* When the PGA is used, differential input from the pins is connected to differential
input channel 2 on ADCx
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ADCO
ADCO_DP1 m >
ADCO_DM1 m 5| DAD1
>
»| DADO
PGAO_DP/ADCO_DPO/ADC1_DP3M—— GG >
PGAO_DM/ADCO_DMO/ADC1_DM3m——@—————» _| DAD2
[
S >
D! A | DAD3
! |
| I |
o : |
[
o P! ADC1
__rhooooooooo 1 bapa
— -ttt - - ——— - - = - >
[
PGA1_DP/ADC1_DPO/ADCO_DP3l——@——>
PGA1_DM/ADC1_DMO/ADCO_DM3I—T—> PGA1 DAD2
> DADO
ADC1_DP1 m > DAD1
ADC1 DM{ m >

Figure 3-34. PGA Integration

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.
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Figure 3-35. 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.

CMP Inputs CMPO CMP1 CMP2

INO CMPO_INO CMP1_INO CMP2_INO

IN1 CMPO_IN1 CMP1_IN1 CMP2_IN1

IN2 CMPO_IN2 CMP1_IN2 CMP2_IN2

IN3 CMPO_IN3 12-bit DACO_OUT/ CMP2_IN3
CMP1_IN3

IN4 CMPO_IN4 — —

IN5 VREF output/CMPO_IN5 VREF output/CMP1_IN5 —

IN6 Bandgap Bandgap Bandgap

IN7 6b DACO reference 6b DAC1 reference 6b DAC2 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:
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* 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.

3.7.3 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

(o))
£
3
Transfers . Module signals | &
Other peripherals 12-bit DAC g
©
c
2
(%)

Figure 3-36. 12-bit DAC configuration

Table 3-46. 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.
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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.

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
DACREF_2 input. Use DACx_CO[DACRFS] control bit to select between these two
options.

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

3.7.4 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

(o))
£
x
. o
Transfers Module signals | 2
Other peripherals VREF 3
©
C
2
(%)

Figure 3-37. VREF configuration

Table 3-47. Reference links to related information

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

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

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

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

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

3.8 Timers

3.8.1 PDB Configuration

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

Peripheral bus
controller 0
Register
access

(o))
£
x
. o
Transfers Module signals | 2
Other peripherals PDB 3
©
C
2
(%)

Figure 3-38. PDB configuration

Table 3-48. Reference links to related information

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

Table continues on the next page...
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Table 3-48. Reference links to related information (continued)
Topic Related module Reference
Clocking Clock distribution

Power management

Power management

Signal multiplexing Port control

Signal multiplexing

3.8.1.1 PDB Instantiation

3.8.1.1.1 PDB Output Triggers

Table 3-49. PDB output triggers

Number of PDB channels for ADC trigger

Number of pre-triggers per PDB channel

Number of DAC triggers

Number of PulseOut

W[l =[N N

3.8.1.1.2 PDB Input Trigger Connections

Table 3-50. PDB Input Trigger Options

PDB Trigger PDB Input
0000 External Trigger
0001 CMP 0
0010 CMP 1
0011 CMP 2
0100 PIT Ch 0 Output
0101 PIT Ch 1 Output
0110 PIT Ch 2 Output
0111 PIT Ch 3 Output
1000 FTMO Init and Ext Trigger Outputs
1001 FTM1 Init and Ext Trigger Outputs
1010 FTM2 Init and Ext Trigger Outputs
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

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

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

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

Channel 0
pre-trigger O
Channel 1 Channel 0
pre-trigger 1 pre-trigger 1
Channel 1
pre-trigger 0

Figure 3-39. PDB back-to-back chain

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

3.8.1.4 PDB Interval Trigger Connections to DAC
In this MCU, PDB interval trigger connections to DAC are implemented as follows.

* PDB interval trigger 0 connects to DACO hardware trigger input.
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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
e DAC external trigger input 1: ADC1SC1A_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 3-51. PDB pulse-out enable register

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

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

3.8.2 FlexTimer Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-40. FlexTimer configuration

Table 3-52. 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 Information
This device contains three FlexTimer modules.

The following table shows how these modules are configured.

Table 3-53. 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.

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

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc. Preliminary 121
General Business Information




1iners

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 SOPT4 register in the SIM module.

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
SOPT4 register in the SIM module. The external pin option is selected by default.

* FTMO FAULTO = FTMO_FLTO pin or CMPO output
* FTMO FAULTI1 = FTMO_FLT]1 pin or CMP1 output
 FTMO FAULT?2 = FTMO_FLT?2 pin or CMP2 output
 FTMO FAULT3 = FTMO_FLT?3 pin

« FTM1 FAULTO = FTM1_FLTO pin or CMPO output
e FTM1 FAULTI1 = CMPI1 output
« FTM1 FAULT?2 = CMP2 output

 FTM2 FAULTO = FTM2_FLTO pin or CMPO output
« FTM2 FAULT1 = CMPI1 output
 FTM2 FAULT?2 = CMP2 output

3.8.2.6 FTM Hardware Triggers

The FTM synchronization hardware triggers are connected in the chip as follows:
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e FTMO hardware trigger 0 = 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

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

* FTM2 hardware trigger 0 = CMPO Output
e FTM2 hardware trigger | = CMP2 Output
e FTM2 hardware trigger 2 = FTM2_FLTO pin

For the triggers with more than one option, the SOPT4 register in the SIM module
controls the selection.

3.8.2.7 Input capture options for FTM module instances

The following channel O input capture source options are selected via the SOPT4 register
in the SIM module. 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

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 output triggers for other modules

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

3.8.2.9 FTM Global Time Base

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

FTMA

CONF Register

GTBEOUT =0
FTMO GTBEEN = 1
CONF Register

gtb_in gtb_in
GTBEOUT =1 FTM Counter |
GTBEEN =1

FTM2

gtb_out

CONF Register

GTBEOUT =0
GTBEEN =1

gtb_in

Figure 3-41. FTM Global Time Base Configuration

3.8.2.10 FTM BDM and debug halt mode

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

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 3-42. PIT configuration

Table 3-54. Reference links to related information

Topic Related module Reference

Full description PIT PIT

Table continues on the next page...
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Table 3-54. Reference links to related information (continued)

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

3.8.3.1 PIT/DMA Periodic Trigger Assignments

The PIT generates periodic trigger events to the DMA Mux as shown in the table below.
Table 3-55. 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 SOPT7[ADCxTRGSEL] bits
in the SIM module. 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.
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Figure 3-43. LPT configuration

Table 3-56. Reference links to related information

Topic Related module Reference
Full description Low-power timer Low-power timer
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.8.4.1 LPTMR prescaler/glitch filter clocking options

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

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

LPTMRO_PSR[PCS] Prescaler/glitch filter clock Chip clock
number

00 0 MCGIRCLK — internal reference clock
(not available in VLPS/LLS/VLLS
modes)

01 1 LPO — 1 kHz clock

10 2 ERCLK32K — secondary external
reference clock

11 3 OSCERCLK — external reference clock

See Clock Distribution for more details on these clocks.
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3.8.4.2 LPTMR pulse counter input options

The LPTMR_CSR[TPS] bitfield configures the input source used in pulse counter mode.

The following table shows the chip-specific input assignments for this bitfield.

LPTMR_CSR[TPS] Pulse counter input number Chip input

00 0 CMPO output

01 1 LPTMR_ALT1 pin
10 2 LPTMR_ALT2 pin
11 3 Reserved

3.8.5 CMT Configuration

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

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

Peripheral bus
controller 0

Register
access

Module signals

CMT

Signal multiplexing

Figure 3-44. CMT configuration

Table 3-57. Reference links to related information

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

3.8.5.1 Instantiation Information
This device contains one CMT module.
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3.8.5.2 IRO Drive Strength

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

The SOPT2[PTD7PAD] field in SIM module can be used to configure the pin associated
with the CMT_IRO signal as a higher current output port pin.

3.8.6 RTC configuration

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

Peripheral
bridge

Register
access

Module signals

Real-time clock

Signal multiplexing

Figure 3-45. 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

3.8.6.1 RTC_CLKOUT signal

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

—> RTC_CLKOUT

RTC 1Hz clock ———

/1

SIM_SOPT2[RTCCLKOUTSEL]
Figure 3-46. RTC_CLKOUT generation

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.

» USB device charger detection module.

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

USB controller

USB voltage FS/LS Device charger
regulator transceiver detect

Ml e e
VREGIN  VOUT33 D+ D-

Figure 3-47. USB Subsystem Overview
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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).

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.

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

Figure 3-48. USB regulator AA cell usecase
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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. To charge the battery, the MCU can configure the
battery charger according to the charger detection information.

777777777777 To PMC and Pads

Chip

USB
Regulator

USB| | USB
XCVR| |Controller

VBUS Sense

Figure 3-49. USB regulator Li-ion usecase

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.
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VDD
—————————————— To PMC and Pads
VOUT33
Cstab %
L
- Chip
TYPE A
VBUS VREGIN USB
= Z Regulator
= D+ UsSBO0_DP |
— | XCVR uUsB
D- I UsSB0 DM uUsSB Controller
1
1

Figure 3-50. 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.
This can be done by setting the SIM_SOPTI1[USBSTBY] bit.

3.9.1.4 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
USB controller

Crossbar switch

Signal multiplexing

Figure 3-51. USB controller configuration

Table 3-59. Reference links to related information

Topic Related module Reference

Full description USB controller USB controller

Table continues on the next page...
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Table 3-59. Reference links to related information (continued)

Topic

Related module

Reference

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.

3.9.1.5 USB DCD Configuration

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

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

Peripheral
bridge 0O

Register
access

USB OTG

USB Device Charger
Detect

Figure 3-52. USB DCD configuration

Table 3-60. Reference links to related information

Topic

Related module

Reference

Full description

USB DCD

USB DCD

System memory map

System memory map

Clocking

Clock Distribution

USB controller

USB controller

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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Figure 3-53. USB Voltage Regulator configuration

Table 3-61. 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 CAN Configuration

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

Peripheral
bridge

Register
access

Module signals

FlexCAN

Signal multiplexing

Figure 3-54. CAN configuration

Table 3-62. Reference links to related information

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

Table continues on the next page...
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Table 3-62. Reference links to related information (continued)

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

3.9.2.1 Number of FlexCAN modules

This device contains 2 identical FlexCAN modules.

3.9.2.2 Reset value of MDIS bit

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

3.9.2.3 Number of message buffers

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

3.9.2.4 FlexCAN Clocking

3.9.2.4.1 Clocking Options

The FlexCAN module has a register bit CANCTRL[CLK_SRC] that selects between
clocking the FlexCAN from the internal bus clock or the input clock (EXTAL).

3.9.2.4.2 Clock Gating

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

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

Request Sources
Message buffer Message buffers 0-15
Bus off Bus off
Error Bit1 error
BitO error

Acknowledge error

Cyclic redundancy check (CRC) error
Form error

Stuffing error

Transmit error warning

Receive error warning

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

3.9.2.6 FlexCAN Operation in Low Power Modes

The FlexCAN module is operational in VLPR and VLPW modes. With the 2 MHz bus
clock, the fastest supported FlexCAN transfer rate is 256 kbps. The bit timing parameters
in the module must be adjusted for the new frequency, but full functionality is possible.

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

3.9.2.7 FlexCAN Doze Mode

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

3.9.3 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.
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Figure 3-55. SPI configuration

Table 3-63. Reference links to related information

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

3.9.3.1 SPI Modules Configuration

This device contains three SPI modules.

3.9.3.2 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.

3.9.3.3 Number of CTARs

SPI CTAR registers define different transfer attribute configurations. The SPI module
supports up to eight CTAR registers. This device supports two CTARSs on all instances of
the SPI.

In master mode, the CTAR registers define combinations of transfer attributes, such as
frame size, clock phase, clock polarity, data bit ordering, baud rate, and various delays. In
slave mode only CTARO is used, and a subset of its bitfields sets the slave transfer
attributes.
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3.9.3.4 TXFIFO size

Table 3-64. SPI transmit FIFO size

SPI Module

Transmit FIFO size

SPIO

SPI

SPI2

3.9.3.5 RXFIFO Size

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

Table 3-65. SPI receive FIFO size

SPI Module Receive FIFO size
SPIO 4
SPI1 4
SPI2 4

3.9.3.6 Number of PCS signals

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

module.

Table 3-66. SPI PCS signals

SPI Module PCS Signals
SPIO SPI_PCS[5:0]
SPI1 SPI_PCS[3:0]
SPI2 SPI_PCSJ0]

3.9.3.7 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.
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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.

3.9.3.7.1 Using GPIO Interrupt to Wake from stop mode

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

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

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

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

NOTE
It 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.

3.9.3.8 SPI Doze Mode

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

3.9.3.9 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.

3.9.3.10 SPI clocks

This table shows the SPI module clocks and the corresponding chip clocks.
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Table 3-67. SPI clock connections

Module clock Chip clock

System Clock Bus Clock

3.9.4 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

Module signals

Signal multiplexing

Figure 3-56. 12C configuration

Table 3-68. 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

3.9.4.1 Number of 12C modules

This device has two I2C modules.

3.9.5 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.
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Figure 3-57. UART configuration

Table 3-69. 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

3.9.5.1 UART configuration information

This device contains five 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/CTY)
* 9-bit UART to support address mark with parity
* MSB/LSB configuration on data
2. UARTO and UART1 are clocked from the core clock, the remaining UARTS are
clocked on the bus clock. The maximum baud rate is 1/16 of related source clock
frequency.
IrDA is available on all UARTS
UARTO contains the standard features plus ISO7816
. AMR support on all UARTSs. The pin control and interrupts (PORT) module supports
open-drain for all I/0.
6. UARTO and UARTT contains 8-entry transmit and 8-entry receive FIFOs
All other UARTS contain a 1-entry transmit and receive FIFOs
8. CEA709.1-B (LON) is available in UARTO

TS

=
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3.9.5.2 UART wakeup

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

3.9.5.3 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 UART 3 UART 4
Transmit data X X X X X
empty

Transmit complete | x X X X X
Idle line X X X X X
Receive data full X X X X X
LIN break detect X X X X X
RxD pin active X X X X X
edge

Initial character X — — — —
detect

The error interrupt combines the following interrupt sources:

Source UARTO UART 1 UART 2 UART 3 UART 4
Receiver overrun X X X X X
Noise flag X X X X X
Framing error X X X X X
Parity error X X X X X
Transmitter buffer | x X X X X
overflow

Receiver buffer X X X X X
overflow

Receiver buffer X X X X X
underflow

Transmit threshold | x — — — —
(1ISO7816)

Receiver threshold | x — — — —
(1ISO7816)

Table continues on the next page...
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Source

UART O

UART 1

UART 2

UART 3

UART 4

Wait timer
(1ISO7816)

Character wait
timer (1SO7816)

Block wait timer
(1IS0O7816)

Guard time
violation (ISO7816)

The LON status interrupt combines the following interrupt sources:

Source

UART O

UART 1

UART 2

UART 3

UART 4

Whbase expire after
betal time slots
(LON)

X

Package received
(LON)

Package
transmitted (LON)

Package cycle
time expired (LON)

Preamble start
(LON)

Transmission fail
(LON)

Initial sync
detection (LON)

3.9.6 SDHC Configuration

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

comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-58. SDHC configuration

Table 3-70. Reference links to related information

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

3.9.6.1 SDHC clocking

In addition to the system clock, the SDHC needs a clock for the base for the external card
clock. There are four possible clock sources for this clock, selected by the SIM’s SOPT?2
register:

* Core/system clock

* MCGPLLCLK or MCGFLLCLK

« EXTAL

* Bypass clock from off-chip (SDHCO_CLKIN)

3.9.6.2 SD bus pullup/pulldown constraints

The SD standard requires the SD bus signals (except the SD clock) to be pulled up during
data transfers. The SDHC also provides a feature of detecting card insertion/removal, by
detecting voltage level changes on DAT([3] of the SD bus. To support this DAT[3] must
be pulled down. To avoid a situation where the SDHC detects voltage changes due to
normal data transfers on the SD bus as card insertion/removal, the interrupt relating to
this event must be disabled after the card has been inserted and detected. It can be re-
enabled after the card is removed.
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3.9.7 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

Module signals

1°S

Signal multiplexing

Figure 3-59. I°S configuration

Table 3-71. Reference links to related information

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

3.9.7.1 Instantiation information
This device contains one I2S module.

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

3.9.7.2 12S/SAl clocking
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3.9.7.2.1 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.

3.9.7.2.2 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
transmitterproduct.

3.9.7.2.3 Bus Clock

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

3.9.7.2.4 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 module's MCLK Divide Register (MDR) configures the MCLK divide ratio.

The module's MCLK Output Enable bit of the MCLK Control Register (MCR[MOE))
controls the direction of the MCLK pin. The pin is the input from the pin when MOE is 0,
and the pin is the output from the clock divider when MOE is 1.

The transmitter and receiver can independently select between the bus clock and the
audio master clock to generate the bit clock. Each module's Clocking Mode field of the
Transmit Configuration 2 Register and Receive Configuration 2 Register (TCR2[MSEL]
and RCR2[MSEL)) selects the master clock.
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3.9.7.2.5 Clock gating and I2S/SAl initialization

The clock to the I?’S/SAI module can be gated using a bit in the SIM. To minimize power
consumption, these bits are cleared after any reset, which disables the clock to the
corresponding module. The clock enable bit should be set by software at the beginning of
the module initialization routine to enable the module clock before initialization of any of
the 12S/SAI registers.

3.9.7.3 I2S/SAl operation in low power modes

3.9.7.3.1 Stop and very low power modes

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:

In Stop mode, the transmitter is disabled after completing the current transmit frame, and,
the receiver is disabled after completing the current receive frame. Entry into Stop mode
1s 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.
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Figure 3-60. 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
Power management Power management
Transfers Crossbar switch Clock Distribution
Signal Multiplexing Port control Signal Multiplexing

3.10.1.1 GPIO access protection

The GPIO module does not have access protection because it is not connected to a
peripheral bridge slot and is not protected by the MPU.

3.10.1.2 Number of GPIO signals

The number of GPIO signals available on the devices covered by this document are
detailed in Orderable part numbers.

3.10.2 TSI 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 3-61. TSI configuration

Table 3-73. Reference links to related information

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

3.10.2.1 Number of inputs

This device includes one TSI module containing 16 inputs. In low-power modes, one
selectable pin is active.

3.10.2.2 TSI module functionality in MCU operation modes
Table 3-74. TSI module functionality in MCU operation modes

MCU operation mode

TSI clock sources

TSI operation mode

Functional electrode

Required

when GENCS|[TSIEN] pins GENCS[STPE] state
is1

Run BUSCLK, MCGIRCLK, |[Active mode All Don’t care
OSCERCLK

Wait BUSCLK, MCGIRCLK, |Active mode All Don’t care
OSCERCLK

Stop MCGIRCLK, Active mode All 1
OSCERCLK

VLPR BUSCLK, MCGIRCLK, |Active mode All Don’t care
OSCERCLK

VLPW BUSCLK, MCGIRCLK, |Active mode All Don'’t care
OSCERCLK

VLPS OSCERCLK Active mode All 1

Table continues on the next page...
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Table 3-74. TSI module functionality in MCU operation modes (continued)

MCU operation mode TSI clock sources TSI operation mode | Functional electrode Required
when GENCS[TSIEN] pins GENCS[STPE] state
is1
LLS LPOCLK, VLPOSCCLK |Low power mode Determined by 1
PEN[LPSP]
VLLS3 LPOCLK, VLPOSCCLK |Low power mode Determined by 1
PEN[LPSP]
VLLS?2 LPOCLK, VLPOSCCLK |Low power mode Determined by 1
PEN[LPSP]
VLLS1 LPOCLK, VLPOSCCLK |Low power mode Determined by 1
PEN[LPSP]

3.10.2.3 TSI clocks
This table shows the TSI clocks and the corresponding chip clocks.

Table 3-75. TSI clock connections

Module clock Chip clock
BUSCLK Bus clock
MCGIRCLK MCGIRCLK
OSCERCLK OSCERCLK
LPOCLK 1 kHz LPO clock
VLPOSCCLK ERCLK32K

3.10.2.4 TSI Interrupts

The TSI has multiple sources of interrupt requests. However, these sources are OR'd
together to generate a single interrupt request. When a TSI interrupt occurs, read the TSI
status register to determine the exact interrupt source.

3.10.2.5 Shield drive signal

The shield drive signal is not supported on this device. Ignore this feature in the TSI
chapter.
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Chapter 3 Chip Configuration

3.10.3 Segment LCD 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

Module signals

Segment LCD

Signal multiplexing

Figure 3-62. SLCD configuration

Table 3-76. Reference links to related information

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

3.10.3.1 Instantiation information

The following table lists the Segment LCD (SLCD) support information.
Table 3-77. SLCD support!

Max. number of segments Configurations

Up to 256 Up to 8 backplanes and up to 36 frontplanes

1. The LCD controller can support multiplexing from x1 up to x8.

3.10.3.2 LCD pin assignments

Configure the mux control registers to assign the corresponding module function to a pin.
For normal operation of the LCD, use ALTO LCD functions. The ALT7 LCD functions
are only available for LCD fault detection.
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See the Signal Multiplexing and Signal Descriptions chapter for the number of LCD pins
used in this MCU.

3.10.3.3 LCD pin enable, backplane enable, and waveform registers

The following table shows the comparison of LCD pin enable, backplane enable, and
waveform registers at the module and chip level.

Table 3-78. LCD pin enable, backplane enable, and waveform registers

Register Module range Chip range
PENN PENL contains PEN[31:0] PENL contains PEN[31:0]
PENH contains PEN[63:32] PENH contains PEN[39:32]
BPENnN BPENL contains BPEN[31:0] BPENL contains BPEN[31:0]
BPENH contains BPEN[63:32] BPENH contains BPEN[39:32]
WFyTOx WF3to0 — WF63to60 WF3to0 — WF39t036

3.10.3.4 LCD clock source
The following table shows the LCD clock and the corresponding chip clock source.
Table 3-79. LCD clock source

Chip clock

Default clock is either the system OSC output clock
(OSCOUTCLK) or RTC OSC output clock (RTCOUTCLK).
This is selected by SOPT1[OSC32KSEL] bit in SIM module.

The clock defaults to 32 kHz.

Alternate clock is the MCGIRCLK output that is either the 32
kHz or 2 MHz internal reference clocks. This option is
selected by the user in the MCG module. The clock defaults
to 32 kHz.

Module clock

Default clock (external crystal or reference clock)

Alternate clock

3.10.3.5 Segment LCD Interrupts

The Segment LCD has multiple interrupt sources. However, all of these sources are OR'd
together to generate a single interrupt request. Read the LFDSR and LGCR registers to
determine the cause of the interrupt.
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one 32-bit contiguous memory space. This chapter describes the memory and
peripheral locations within that memory space.

4.2 System memory map

The following table shows the high-level device memory map.

Table 4-1. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000-0x07FF_FFFF Program flash and read-only data All masters
(Includes exception vectors in first 1024 bytes)
0x0800_0000—0x0FFF_FFFF Reserved —
0x1000_0000-0x13FF_FFFF * Reserved All masters
0x1400_0000-0x17FF_FFFF Programming acceleration RAM All masters
0x1800_0000-0x1BFF_FFFF Reserved —
0x1C00_0000-0x1FFF_FFFF SRAM_L: Lower SRAM (ICODE/DCODE) All masters
0x2000_0000-0x200F_FFFF 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_0000-0x3FFF_FFFF

Reserved

0x4000_0000-0x4007_FFFF

Bitband region for peripheral bridge 0 (AIPS-Lite0)

Cortex-M4 core &

DMA/EzPort
0x4008_0000-0x400F_EFFF Bitband region for peripheral bridge 1 (AIPS-Lite1) Cortex-M4 core &

DMA/EzPort
0x400F_F000—0x400F_FFFF Bitband region for general purpose input/output (GPIO) Cortex-M4 core &

DMA/EzPort

Table continues on the next page...
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Table 4-1. System memory map (continued)

System 32-bit Address Range Destination Slave Access
0x4010_0000-0x41FF_FFFF Reserved -
0x4200_0000-0x43FF_FFFF Aliased to peripheral bridge (AIPS-Lite) and general purpose |Cortex-M4 core

input/output (GPIO) bitband only
0x4400_0000-0xDFFF_FFFF Reserved -
0xE000_0000-0XEOQOF_FFFF Private peripherals Cortex-M4 core
only
0xE010_0000-0xFFFF_FFFF Reserved -
NOTE

1. EzPort master port is statically muxed with DMA master
port. Access rights to AIPS-Lite peripheral bridges and
general purpose input/output (GPIO) module address space
18 limited to the core, DMA, and EzPort.

2. ARM Cortex-M4 core access privileges also includes
accesses via the debug interface.

4.2.1 Aliased bit-band regions

The SRAM_U, AIPS-Lite, and general purpose input/output (GPIO) module resources
reside in the Cortex-M4 processor bit-band regions.

The processor also includes two 32 MB aliased bit-band regions associated with the two
1 MB bit-band spaces. Each 32-bit location in the 32 MB space maps to an individual bit
in the bit-band region. A 32-bit write in the alias region has the same effect as a read-
modify-write operation on the targeted bit in the bit-band region.

Bit O of the value written to the alias region determines what value is written to the target
bit:

e 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
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Bit-band region Alias bit-band region

31 0 31
o HEEEEEEEEEEEEEEEEEEEEEEEEEE I
< T T T T T T TP TP PP PP PP PP PP PPT0T N
om [ ]
= °
- .

.
°
.
[}
=
m
=
o
)

Figure 4-1. Alias bit-band mapping

NOTE
Each bit in bit-band region has an equivalent bit that can be
manipulated through bit 0 in a corresponding long word in the

alias bit-band region.

4.3 Flash Memory Map

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

memory map.

Flash memory base address
Registers

Program flash base address
Flash configuration field

Program flash

Programming acceleration
RAM base address RAM

Figure 4-2. Flash memory map
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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_03FF SCTRIM

4.4 SRAM memory map

The on-chip RAM is split evenly among SRAM_L and SRAM_U. The RAM is also
implemented such that the SRAM_L and SRAM_U ranges form a contiguous block in
the memory map. See SRAM Arrays 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-Lite0 and AIPS-Lite1) memory
maps
The peripheral memory map is accessible via two slave ports on the crossbar switch in

the 0x4000_0000—0x400F_FFFF region. The device implements two peripheral bridges
(AIPS-Lite 0 and 1):

» AIPS-Lite0 covers 512 KB
» AIPS-Litel covers 508 KB with 4 KB assigned to the general purpose input/output
module (GPIO)

AIPS-Lite0 is connected to crossbar switch slave port 2, and is accessible at locations
0x4000_0000-0x4007_FFFF.
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AIPS-Litel and the general purpose input/output module share the connection to crossbar

switch slave port 3. The AIPS-Litel is accessible at locations 0x4008_0000—

0x400F_EFFF. The general purpose input/output module is accessible in a 4-kbyte region

at 0x400F_F000-0x400F_FFFF. Its direct connection to the crossbar switch provides
master access without incurring wait states associated with accesses via the AIPS-Lite

controllers.

Modules that are disabled via their clock gate control bits in the SIM registers disable the

associated AIPS slots. Access to any address within an unimplemented or disabled

peripheral bridge slot results in a transfer error termination.

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.

4.5.1 Peripheral Bridge 0 (AIPS-Lite 0) Memory Map

Table 4-2. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 Peripheral bridge 0 (AIPS-Lite 0)
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 Crossbar switch
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 DMA controller transfer control descriptors
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 MPU
0x4000_E000 14 —
0x4000_F000 15 —
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_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_FO000 31 Flash memory controller
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer O
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 FlexCAN 0
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 —
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 SPI O
0x4002_D000 45 SPI 1
0x4002_E000 46 —
0x4002_F000 47 2S0
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 USB DCD
0x4003_6000 54 Programmable delay block (PDB)
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 FlexTimer (FTM) O
0x4003_9000 57 FlexTimer (FTM) 1
0x4003_A000 58 —
0x4003_B000 59 Analog-to-digital converter (ADC) 0

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4003_C000 60 —
0x4003_D000 61 Real-time clock (RTC)
0x4003_E000 62 VBAT register file
0x4003_F000 63 —
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 Touch sense interface (TSI)
0x4004_6000 70 —
0x4004_7000 71 SIM low-power logic
0x4004_8000 72 System integration module (SIM)
0x4004_9000 73 Port A multiplexing control
0x4004_A000 74 Port B multiplexing control
0x4004_B000 75 Port C multiplexing control
0x4004_C000 76 Port D multiplexing control
0x4004_D000 77 Port E multiplexing control
0x4004_E000 78 —
0x4004_F000 79 —
0x4005_0000 80 —
0x4005_1000 81 —
0x4005_2000 82 Software watchdog
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 —
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 —
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —
0x4006_1000 97 External watchdog
0x4006_2000 98 Carrier modulator timer (CMT)

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4006_3000 99 —
0x4006_4000 100 Multi-purpose Clock Generator (MCG)
0x4006_5000 101 System oscillator (OSC)
0x4006_6000 102 [’C 0
0x4006_7000 103 [2C 1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 UART 0
0x4006_B000 107 UART 1
0x4006_C000 108 UART 2
0x4006_D000 109 UART 3
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 USB OTG FS/LS
0x4007_3000 115 Analog comparator (CMP) / 6-bit digital-to-analog converter (DAC)
0x4007_4000 116 Voltage reference (VREF)
0x4007_5000 117 —
0x4007_6000 118 —
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 Low-leakage wakeup unit (LLWU)
0x4007_D000 125 Power management controller (PMC)
0x4007_EO000 126 System Mode controller (SMC)
0x4007_F000 127 Reset Control Module (RCM)

4.5.2 Peripheral Bridge 1 (AIPS-Lite 1) Memory Map

Table 4-3. Peripheral bridge 1 slot assignments

System 32-bit base address Slot Module
number
0x4008_0000 0 Peripheral bridge 1 (AIPS-Lite 1)
0x4008_1000 1 —

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4008_2000 2 —
0x4008_3000 3 —
0x4008_4000 4 —
0x4008_5000 5 —
0x4008_6000 6 —
0x4008_7000 7 —
0x4008_8000 8 —
0x4008_9000 9 —
0x4008_A000 10 —
0x4008_B000 11 —
0x4008_C000 12 —
0x4008_D000 13 —
0x4008_E000 14 —
0x4008_F000 15 —
0x4009_0000 16 —
0x4009_1000 17 —
0x4009_2000 18 —
0x4009_3000 19 —
0x4009_4000 20 —
0x4009_5000 21 —
0x4009_6000 22 —
0x4009_7000 23 —
0x4009_8000 24 —
0x4009_9000 25 —
0x4009_A000 26 —
0x4009_B000 27 —
0x4009_C000 28 —
0x4009_D000 29 —
0x4009_E000 30 —
0x4009_F000 31 —
0x400A_0000 32 —
0x400A_1000 33 —
0x400A_2000 34 —
0x400A_3000 35 —
0x400A_4000 36 FlexCAN 1
0x400A_5000 37 —
0x400A_6000 38 —
0x400A_7000 39 —
0x400A_8000 40 —
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number

0x400A_9000 41 —
0x400A_A000 42 —
0x400A_B000 43 —
0x400A_C000 44 SPI2
0x400A_D000 45 —
0x400A_E000 46 —
0x400A_F000 47 —
0x400B_0000 48 —
0x400B_1000 49 SDHC
0x400B_2000 50 —
0x400B_3000 51 —
0x400B_4000 52 —
0x400B_5000 53 —
0x400B_6000 54 —
0x400B_7000 55 —
0x400B_8000 56 FlexTimer (FTM) 2
0x400B_9000 57 —
0x400B_A000 58 —
0x400B_B000 59 Analog-to-digital converter (ADC) 1
0x400B_C000 60 —
0x400B_D000 61 —
0x400B_EO000 62 Segment LCD
0x400B_F000 63 —
0x400C_0000 64 —
0x400C_1000 65 —
0x400C_2000 66 —
0x400C_3000 67 —
0x400C_4000 68 —
0x400C_5000 69 —
0x400C_6000 70 —
0x400C_7000 71 —
0x400C_8000 72 —
0x400C_9000 73 —
0x400C_A000 74 —
0x400C_B000 75 —
0x400C_C000 76 12-bit digital-to-analog converter (DAC) 0
0x400C_D000 77 —
0x400C_E000 78 —
0x400C_F000 79 —

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x400D_0000 80 —
0x400D_1000 81 —
0x400D_2000 82 —
0x400D_3000 83 —
0x400D_4000 84 —
0x400D_5000 85 —
0x400D_6000 86 —
0x400D_7000 87 —
0x400D_8000 88 —
0x400D_9000 89 —
0x400D_A000 90 —
0x400D_B000 91 —
0x400D_C000 92 —
0x400D_D000 93 —
0x400D_E000 94 —
0x400D_F000 95 —
0x400E_0000 96 —
0x400E_1000 97 —
0x400E_2000 98 —
0x400E_3000 99 —
0x400E_4000 100 —
0x400E_5000 101 —
0x400E_6000 102 —
0x400E_7000 103 —
0x400E_8000 104 —
0x400E_9000 105 —
0x400E_A000 106 UART 4
0x400E_B000 107 —
0x400E_C000 108 —
0x400E_DO000 109 —

0x400E_EO000

110

0x400E_FO000

111

0x400F_0000

112

0x400F_1000

113

0x400F_2000

114

0x400F_3000

115

0x400F_4000

116

0x400F_5000

117

0x400F_6000

118
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x400F_7000 119 —
0x400F_8000 120 —
0x400F_9000 121 —
0x400F_A000 122 —
0x400F_B000 123 —
0x400F_CO000 124 —
0x400F_D000 125 —
0x400F_EO000 126 —
0x400F_F000 Not an AIPS-Lite slot. The 32-bit general purpose input/output module that shares the
crossbar switch slave port with the AIPS-Lite is accessed at this address.

4.6 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system
masters do not have access to them.

Table 4-4. PPB memory map

System 32-bit Address Range Resource
0xE000_0000—-0xE000_OFFF Instrumentation Trace Macrocell (ITM)
0xE000_1000-0xEOQ00_1FFF Data Watchpoint and Trace (DWT)
0xE000_2000-0xEO00_2FFF Flash Patch and Breakpoint (FPB)
0xE000_3000-0xE000_DFFF Reserved
0xE000_EO000-0xE000_EFFF System Control Space (SCS) (for NVIC)
0xE000_F000-0xE003_FFFF Reserved
0xE004_0000-0xE004_OFFF Trace Port Interface Unit (TPIU)
0xE004_1000-0xE004_1FFF Embedded Trace Macrocell (ETM)
0xE004_2000-0xE004_2FFF Embedded Trace Buffer (ETB)
0xE004_3000-0xE004_3FFF Embedded Trace Funnel
0xE004_4000-0xE007_FFFF Reserved
0xE008_0000-0xE008_OFFF Miscellaneous Control Module (MCM)(including ETB Almost Full)
0xE008_1000—-0xE008_1FFF Reserved
0xE008_2000—-0xEOOF_EFFF Reserved
O0xEOOF_FO000—-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 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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0OSsC 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 MCGIRCLK Clock options for
32 kHz IRC MCGFFCLK } some peripherals

(see note)

—>

j -
CG
—._) )

—OUTDIV1 Core / system clocks
*—| OUTDIV2 Bus clock

|

> —’I ™ MCGOUTCLK
®
PLL Ny
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XTAL32 X——

RTC clock }

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.

Clock name Description
Core clock MCGOUTCLK divided by OUTDIV1 clocks the ARM Cortex-
M4 core
Table continues on the next page...
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Clock name

Description

System clock

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

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

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 or MCGPLLCLK may
clock some modules.

MCGPLLCLK MCG output of the PLL. MCGFLLCLK or MCGPLLCLK may

clock some modules.

MCG external reference clock

Input clock to the MCG sourced by the system oscillator
(OSCCLK) or RTC oscillator

OSCCLK System oscillator output of the internal oscillator or sourced
directly from EXTAL

OSCERCLK System oscillator output sourced from OSCCLKthat may
clock some on-chip modules

OSC32KCLK System oscillator 32kHz output

ERCLK32K Clock source for some modules that is chosen as
OSC32KCLK or the RTC clock. It is VLPOSCCLK for TSI.

RTC clock RTC oscillator output for the RTC module

LPO PMC 1kHz output

5.4.1 Device clock summary

The following table provides more information regarding the on-chip clocks.

Table 5-1. Clock Summary

Clock nhame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 100 MHz Up to 4 MHz MCG In all stop modes
Core clock Up to 100 MHz Up to 4 MHz MCGOUTCLK clock In all wait and stop
divider modes
System clock Up to 100 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
Bus clock Up to 50 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider

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

Clock name Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
Flash clock Up to 25 MHz Up to 1 MHz in BLPE, |MCGOUTCLK clock In all stop modes
Up to 800 kHz in BLPI |divider
Internal reference 30-40 kHz or 4 MHz 4 MHz only MCG MCG_C1[IRCLKEN]
(MCGIRCLK) cleared,
Stop mode and
MCG_C1[IREFSTEN]
cleared, or
VLPS/LLS/VLLS mode
External reference  |Up to 50 MHz (bypass), | Up to 16 MHz (bypass), |System OSC System OSC's
(OSCERCLK) 30-40 kHz, or 30-40 kHz (low-range OSC_CRIERCLKEN]
crystal) or cleared, or
3-32 MHz (crystal)
Up to 4 MHz (high- Stop mode and
OSC_CR[EREFSTEN]
range crystal)
cleared
External reference  |30-40 kHz 30-40 kHz System OSC or RTC System OSC's
32kHz OSC depending on OSC_CRI[ERCLKEN]
(ERCLK32K) gll_l\]/I_SOPﬁ[OSCSZKS cleared or
RTC's RTC_CR[OSCE]
cleared
RTC_CLKOUT 1 Hz or 32 kHz 1 Hz or 32 kHz RTC clock Clock is disabled in LLS
and VLLSx modes
LPO 1 kHz 1 kHz PMC Available in all power
modes
USB FS clock 48 MHz N/A MCGPLLCLK or USB FS OTG is
MCGFLLCLK with disabled
fractional clock divider,
or
USB_CLKIN
I12S master clock Up to 25 MHz Up to 12.5 MHz System clock, 12S is disabled
MCGPLLCLK,
OSCERCLK with
fractional clock divider,
or
12S_CLKIN
SDHC clock Up to 50 MHz N/A System clock, SDHC is disabled
MCGPLLCLK/
MCGFLLCLK, or
OSCERCLK
TRACE clock Up to 100 MHz Up to 4 MHz System clock or Trace is disabled
MCGOUTCLK
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Chapter 5 Clock Distribution

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 100 MHz or slower.
2. The bus clock frequency must be programmed to 50 MHz or less and an integer

divide of the core clock.
3. The flash clock frequency must be programmed to 25 MHz or less, less than or equal
to the bus clock, and an integer divide of the core clock.

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

Option 1:
Clock Frequency
Core clock 50 MHz
System clock 50 MHz
Bus clock 50 MHz
Flash clock 25 MHz
Option 2:
Clock Frequency
Core clock 100 MHz
System clock 100 MHz
Bus clock 50 MHz
Flash clock 25 MHz
Option 3:
Clock Frequency
Core clock 96 MHz
System clock 96 MHz
Bus clock 48 MHz
Flash clock 24 MHz
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5.5.1 Clock divider values after reset

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

FTFL_FOPT
[LPBOOT]

Core/system clock

Bus clock

Flash clock

Description

0x7 (divide by 8)

0x7 (divide by 8)

OXF (divide by 16)

Low power boot

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
(FTFL_FOPT[LPBOOQTY]) bit resides in flash is logic 1 in the flash erased state.

To enable the low power boot option program FTFL_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

NOTE
When the MCG is in BLPI and clocking is derived from the
Fast IRC, the clock divider controls, MCG_SC[FCRDIV] and
SIM_CLKDIV1[OUTDIV4], must be programmed such that
the resulting flash clock nominal frequency is 800 kHz or less.
In this case, one example of correct configuration is
MCG_SC[FCRDIV]=000b and
SIM_CLKDIV1[OUTDIV4]=0100b, resulting in a divide by 5
setting.
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5.6 Clock Gating

The clock to each module can be individually gated on and off using the SIM module's
SCGCx registers. These bits are cleared after any reset, which disables the clock to the
corresponding module to conserve power. Prior to initializing a module, set the
corresponding bit in SCGCx register to enable the clock. Before turning off the clock,

make sure to disable the module.

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™M System clock — —

ETM System clock TRACE clock TRACE_CLKOUT
ETB System clock — —

cJTAG, JTAGC — — JTAG_CLK
System modules

DMA System clock — —
DMA Mux Bus clock — —
Port control Bus clock LPO —

Crossbar Switch

System clock

Peripheral bridges

System clock

Bus clock, Flash clock

MPU

System clock

LLWU, PMC, SIM, RCM Flash clock LPO —
Mode controller Flash clock — —
MCM System clock = =

EWM Bus clock LPO =
Watchdog timer Bus clock LPO —

Clocks

Table continues on the next page...
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Table 5-2. Module clocks (continued)

Module Bus interface clock Internal clocks I/0 interface clocks
MCG Bus clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCERCLK, EXTAL32K
OSC Bus clock OSCERCLK —
Memory and memory interfaces
Flash Controller System clock Flash clock —
Flash memory Flash clock — —
EzPort System clock — EZP_CLK
Security
CRC Bus clock — —
Analog
ADC Bus clock OSCERCLK —
CMP Bus clock — —
DAC Bus clock — —
VREF Bus clock — —
Timers
PDB Bus clock — —
FlexTimers Bus clock MCGFFCLK FTM_CLKINx
PIT Bus clock = =
LPTMR Flash clock LPO, OSCERCLK, —
MCGIRCLK, ERCLK32K
CMT Bus clock — —
RTC Flash clock EXTAL32 —
Communication interfaces
USB FS OTG System clock USB FS clock —
USB DCD Bus clock — —
FlexCAN Bus clock OSCERCLK —
DSPI Bus clock — DSPI_SCK
12C Bus clock — 2C_SCL
UARTO, UART1 System clock — —
UART2-4 Bus clock — —
SDHC System clock SDHC clock SDHC_DCLK
12S Bus clock I2S master clock [2S_TX_BCLK,
12S_RX_BCLK
Human-machine interfaces
GPIO System clock — —
TSI Flash clock LPO, ERCLK32K, —
MCGIRCLK
Segment LCD Flash clock ERCLK32K, MCGIRCLK —
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5.7.1 PMC 1-kHz LPO clock

The Power Management Controller (PMC) generates a 1-kHz clock that is enabled in all
modes of operation, including all low power modes. This 1-kHz source is commonly
referred to as LPO clock or 1-kHz LPO clock.

5.7.2 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

5.7.3 Debug trace clock

The debug trace clock source can be clocked as shown in the following figure.

MCGOUTCLK ———

TRACECLKIN | TPV | TRACE cLkouT

Core / system clock ——

|

SIM_SOPT2[TRACECLKSEL]

Figure 5-3. Trace clock generation
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NOTE
The trace clock frequency observed at the TRACE_CLKOUT
pin will be half that of the selected clock source.

5.7.4 PORT digital filter clocking

The digital filters in each of the PORTx modules 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

|

PORTx_DFCRICS]
Figure 5-4. PORTXx digital input filter clock generation

5.7.5 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 ——
PO |, LPTMRx prescaler/glitch
ERCLK32K —— filter clock

OSCERCLK ——

/1

LPTMRx_PSR[PCS]
Figure 5-5. LPTMRXx prescaler/glitch filter clock generation

5.7.6 USB FS OTG Controller clocking

The USB FS OTG controller is a bus master attached to the crossbar switch. As such, its
clock is connected to 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.

USB_CLKIN

— USB 48MHz

MCGPLLCLK or | SIM_CLKDIV2
MCGFLLCLK [USBFRAC, USBDIV]

/

SIM_SOPT2[USBSRC]
Figure 5-6. USB 48 MHz clock source

NOTE
The MCGFLLCLK does not meet the USB jitter specifications
for certification.
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5.7.7 FlexCAN clocking

The clock for the FlexCAN's protocol engine can be selected as shown in the following
figure.
OSCERCLK ———

— FlexCAN clock

Bus clock ———

|

CANx_CTRL1[CLKSRC]
Figure 5-7. FlexCAN clock generation

5.7.8 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.

5.7.9 SDHC clocking

The SDHC module has four possible clock sources for the external clock source, as
shown in the following figure.

Core / system clock ——

MCGPLLCLK or

MCGFLLCLK
—> SDHC clock
OSCERCLK —

SDHCO_CLKIN

1

SIM_SOPT2[SDHCSRC]
Figure 5-8. SDHC clock generation
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5.7.10 12S/SAI 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 I12S/SAI transmitter and receiver support asynchronous bit clocks (BCLKs) that can
be generated internally from the audio master clock or supplied externally. The module
also supports the option for synchronous operation between the receiver and
transmitterproduct.

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.

Clock Generation MCLK_OUT 12S/SAl
128x_TCR2/RCR2 BCLK_OUT
MCGPLLOLK —} Fractional i Bit
OSCOERCLK —01 Clock ™ | MoLK W Clock
SYSCLK—09, Divider MCLK_IN —{0 BUSCLK—0g) | Divider BCLK IN B EEER

[MSEL] [DIIV] [BCD]
[2Sx_MCR[MOE]
12Sx_MDR[FRACT,DIVIDE]
12Sx_MCRIMICS]

Figure 5-9. I2S/SAI clock generation

5.7.11 TSI clocking

In active mode, the TSI can be clocked as shown in the following figure.
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Bus clock ——

TSI clock

MCGIRCLK —— . .
in active mode

OSCERCLK ——

|

TSI_SCANC[AMCLKS]

Figure 5-10. TSI clock generation

In low-power mode, the TSI can be clocked as shown in the following figure.

NOTE
In the TSI chapter, these two clocks are referred to as LPOCLK
and VLPOSCCLK.
LPO
TSI clock
in low-power mode
ERCLK32K ———
/

TSI_GENCS[LPCLKS]

Figure 5-11. TSI low-power 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

Power-on reset (POR)

System resets

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

Debug reset

JTAG reset
NnTRST reset

Each of the system reset sources has an associated bit in the system reset status (SRS)
registers. See the Reset Control Module for register details.

The MCU exits reset in functional mode that is controlled by EZP_CS pin to select
between the single chip (default) or serial flash programming (EzPort) modes. See Boot

options for more details.
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6.2 Reset

This section discusses basic reset mechanisms and sources. Some modules that cause
resets can be configured to cause interrupts instead. Consult the individual peripheral
chapters for more information.

6.2.1 Power-on reset (POR)

When power is initially applied to the MCU or when the supply voltage drops below the
power-on reset re-arm voltage level (Vpgr), the POR circuit causes a POR reset
condition.

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply has
risen above the LVD low threshold (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)
e TMS in PU

and associated output pin configured as:

* 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. A separate filter is implemented for each clock source. In stop and VLPS mode
operation, this logic either switches to bypass operation or has continued filtering

operation depending on the filtering mode selected. In low leakage stop modes, a separate
LPO filter in the LLWU can continue filtering the RESET pin.

The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields in the
reset control (RCM) register set control this functionality; see the RCM chapter. The
filters are asynchronously reset by Chip POR. The reset value for each filter assumes the
RESET pin is negated.

The two clock options for the RESET pin filter when the chip is not in low leakage
modes are the LPO (1 kHz) and bus clock. For low leakage modes VLLS3, VLLS2,
VLLSI, the LLWU provides control (in the LLWU_RST register) of an optional fixed
digital filter running the LPO.

The LPO filter has a fixed filter value of 3. Due to a synchronizer on the input data, there
1s also some associated latency (2 cycles). As a result, 5 cycles are required to complete a
transition from low to high or high to low.

The bus filter initializes to off (logic 1) when the bus filter is not enabled. The bus clock
is used when the filter selects bus clock, and the number of counts is controlled by the
RCM's RPFW[RSTFLTSEL] field.
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6.2.2.2 Low-voltage detect (LVD)

The chip includes a system for managing low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in normal run, wait, or stop mode. The LVD
system is disabled when entering VLPx, LLS, or VLLSx modes.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting the PMC's LVDSCI1[LVDRE] bit to 1. The low voltage detection threshold is
determined by the PMC's LVDSCI1[LVDV] field. After an LVD reset has occurred, the
LVD system holds the MCU in reset until the supply voltage has risen above the low
voltage detection threshold. The RCM's SRSO[LVD] bit is set following either an LVD
reset or POR.

6.2.2.3 Computer operating properly (COP) watchdog timer

The computer operating properly (COP) watchdog timer (WDOG) monitors the operation
of the system by expecting periodic communication from the software. This
communication is generally known as servicing (or refreshing) the COP watchdog. If this
periodic refreshing does not occur, the watchdog issues a system reset. The COP reset
causes the RCM's SRSO[WDOG] bit to set.

6.2.2.4 Low leakage wakeup (LLWU)

The LLWU module provides the means for a number of external pins, the RESET pin,
and a number of internal peripherals to wake the MCU from low leakage power modes.
The LLWU module is functional only in low leakage power modes.

e In LLS mode, only the RESET pin via the LLWU can generate a system reset.
* In VLLSx modes, all enabled inputs to the LLWU can generate a system reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.

NOTE

Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral chapters for more information.
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6.2.2.5 Multipurpose clock generator loss-of-clock (LOC)
The MCG module supports an external reference clock.

If the C6|CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fjoc jow OF fioc_nigh, s controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE
To prevent unexpected loss of clock reset events, all clock
monitors should be disabled before entering any low power
modes, including VLPR and VLPW.

6.2.2.6 MCG loss-of-lock (LOL) reset

The MCG includes a PLL loss-of-lock detector. The detector is enabled when configured
for PEE and lock has been achieved. If the MCG_CS8[LOLRE] bit in the MCG module is
set and the PLL lock status bit (MCG_S[LOLSO0]) becomes set, the MCU resets. The
RCM_SRSO[LOL] bit is set to indicate this reset source.

NOTE
This reset source does not cause a reset if the chip is in any stop
mode.

6.2.2.7 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter stop mode, but not all modules
acknowledge stop mode within 1025 cycles of the 1 kHz LPO clock.

A module might not acknowledge the entry to stop mode if an error condition occurs. The
error can be caused by a failure of an external clock input to a module.

6.2.2.8 Software reset (SW)

The SYSRESETREQ bit in the NVIC application interrupt and reset control register can
be set to force a software reset on the device. (See ARM's NVIC documentation for the
full description of the register fields, especially the VECTKEY field requirements.)
Setting SYSRESETREQ generates a software reset request. This reset forces a system
reset of all major components except for the debug module. A software reset causes the
RCM's SRS1[SW] bit to set.
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6.2.2.9 Lockup reset (LOCKUP)

The LOCKUP gives immediate indication of seriously errant kernel software. This is the
result of the core being locked because of an unrecoverable exception following the
activation of the processor’s built in system state protection hardware.

The LOCKUP condition causes a system reset and also causes the RCM's
SRST[LOCKUPT] bit to set.

6.2.2.10 EzPort reset

The EzPort supports a system reset request via EzPort signaling. The EzPort generates a
system reset request following execution of a Reset Chip (RESET) command via the
EzPort interface. This method of reset allows the chip to boot from flash memory after it
has been programmed by an external source. The EzPort is enabled or disabled by the
EZP_CS pin.

An EzPort reset causes the RCM's SRS1[EZPT] bit to set.

6.2.2.11 MDM-AP system reset request

Set the system reset request bit in the MDM-AP control register to initiate a system reset.
This is the primary method for resets via the JTAG/SWD interface. The system reset is
held until this bit is cleared.

Set the core hold reset bit in the MDM-AP control register to hold the core in reset as the
rest of the chip comes out of system reset.

6.2.3 MCU Resets

A variety of resets are generated by the MCU to reset different modules.

6.2.3.1 VBAT POR

The VBAT POR asserts on a VBAT POR reset source. It affects only the modules within
the VBAT power domain: RTC and VBAT Register File. These modules are not affected
by the other reset types.
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6.2.3.2 POR Only

The POR Only reset asserts on the POR reset source only. It resets the PMC and System
Register File.

The POR Only reset also causes all other reset types (except VBAT POR) to occur.

6.2.3.3 Chip POR not VLLS

The Chip POR not VLLS reset asserts on POR and LVD reset sources. It resets parts of
the SMC and SIM. It also resets the LPTMR.

The Chip POR not VLLS reset also causes these resets to occur: Chip POR, Chip Reset
not VLLS, and Chip Reset (including Early Chip Reset).

6.2.3.4 Chip POR

The Chip POR asserts on POR, LVD, and VLLS Wakeup reset sources. It resets the
Reset Pin Filter registers and parts of the SIM and MCG.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.

6.2.3.5 Chip Reset not VLLS

The Chip Reset not VLLS reset asserts on all reset sources except a VLLS Wakeup that
does not occur via the RESET pin. It resets parts of the SMC, LLWU, and other modules
that remain powered during VLLS mode.

The Chip Reset not VLLS reset also causes the Chip Reset (including Early Chip Reset)
to occur.

6.2.3.6 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module.
It negates before flash memory initialization begins ("earlier”" than when the Chip Reset
negates).
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6.2.3.7 Chip Reset

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

6.2.4 Reset Pin

For all reset sources except a VLLS Wakeup that does not occur via the RESET pin, the
RESET pin is driven low by the MCU for at least 128 bus clock cycles and until flash
initialization has completed.

After flash initialization has completed, the RESET pin is released, and the internal Chip
Reset negates after the RESET pin is pulled high. Keeping the RESET pin asserted
externally delays the negation of the internal Chip Reset.

6.2.5 Debug resets

The following sections detail the debug resets available on the device.

6.2.5.1 JTAG reset

The JTAG module generate a system reset when certain IR codes are selected. This
functional reset is asserted when EzPort, EXTEST, HIGHZ and CLAMP instructions are
active. The reset source from the JTAG module is released when any other IR code is
selected. A JTAG reset causes the RCM's SRS1[JTAG] bit to set.

6.2.5.2 nTRST reset

The nTRST pin causes a reset of the JTAG logic when asserted. Asserting the nTRST pin
allows the debugger to gain control of the TAP controller state machine (after exiting
LLS or VLLSx) without resetting the state of the debug modules.

The nTRST pin does not cause a system reset.
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Chapter 6 Reset and Boot

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

« ETM

* ATB replicators

e ATB upsizers

* ATB funnels

* ETB

» TPIU

* MDM-AP (MDM control and status registers)
* MCM (ETB “Almost Full” logic)

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

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

 DWT

e ITM

e NVIC

e Crossbar bus switch!

« AHB-AP!

* Private peripheral bus!

6.3 Boot

This section describes the boot sequence, including sources and options.

6.3.1 Boot sources

This device only supports booting from internal flash. Any secondary boot must go
through an initialization sequence in flash.

1. CDBGRSTREQ does not affect AHB resources so that debug resources on the private peripheral bus are available
during System Reset.
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6.3.2 Boot options

The device's functional mode is controlled by the state of the EzPort chip select
(EZP_CS) pin during reset.

The device can be in single chip (default) or serial flash programming mode (EzPort).
While in single chip mode the device can be in run or various low power modes
mentioned in Power mode transitions.

Table 6-2. Mode select decoding

EzPort chip select (EZP_CS) Description
0 Serial flash programming mode (EzPort)

Single chip (default)

6.3.3 FOPT boot options

The flash option register (FOPT) in flash memory module (FTFL) 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 FTFL_FOPT register bits to configure the device at reset as shown in
the following table.

Table 6-3. Flash Option Register (FTFL_FOPT) Bit Definitions

Bit Field Value Definition
Num
7-3 Reserved Reserved for future expansion.
2 NMI_DIS 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 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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Chapter 6 Reset and Boot

Table 6-3. Flash Option Register (FTFL_FOPT) Bit Definitions
(continued)

Bit Field Value Definition
Num
0 LPBOOT 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
1s 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
MCQG is enabled in its default clocking mode.

Required clocks are enabled (Core Clock, System Clock, Flash Clock, and any Bus
Clocks that do not have clock gate control).

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

released from reset and begins initialization operation while the Mode Control logic
continues to drive the RESET pin out low for a count of ~128 Bus Clock cycles.
The RESET pin is released, but the system reset of internal logic continues to be held
until the Flash Controller finishes initialization. EzPort mode is selected instead of
the normal CPU execution if EZP_CS is low when the internal reset is deasserted.
EzPort mode can be disabled by programming the FOPT[EZPORT_DIS] field in the
Flash Memory module.

When Flash Initialization completes, the RESET pin is observed. If RESET
continues to be asserted (an indication of a slow rise time on the RESET pin or
external drive in low), the system continues to be held in reset. Once the RESET pin
is detected high, the system is released from reset.

At release of system reset, clocking is switched to a slow clock if the
FOPT[LPBOOTT field in the Flash Memory module is configured for Low Power
Boot
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7. 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. The CPU begins execution at the PC location. EzPort mode is

entered instead of the normal CPU execution if Ezport mode was latched during the
sequence.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.
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Chapter 7
Power Management

7.1 Introduction

This chapter describes the various chip power modes and functionality of the individual
modules in these modes.

7.2 Power modes

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 each run mode there is a corresponding wait and stop mode. Wait modes are similar
to ARM sleep modes. Stop modes (VLPS, STOP) are similar to ARM sleep deep mode.
The very low power run (VLPR) operating mode can drastically reduce runtime power
when the maximum bus frequency is not required to handle the application needs.

The three primary modes of operation are run, wait and stop. The WFI instruction
invokes both wait and stop modes for the chip. The primary modes are augmented in a
number of ways to provide lower power based on application needs.

Table 7-1. Chip power modes

Chip mode | Description Core mode Normal
recovery
method

Normal run Allows maximum performance of chip. Default mode out of reset; on- Run

chip voltage regulator is on.
Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method
Normal Wait - | Allows peripherals to function while the core is in sleep mode, reducing Sleep Interrupt
via WFI power. NVIC remains sensitive to interrupts; peripherals continue to be
clocked.
Normal Stop - |Places chip in static state. Lowest power mode that retains all registers | Sleep Deep Interrupt
via WFI while maintaining LVD protection. NVIC is disabled; AWIC is used to
wake up from interrupt; peripheral clocks are stopped.
VLPR (Very Low |On-chip voltage regulator is in a low power mode that supplies only Run Interrupt
Power Run) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (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, TSI, DAC can be used. NVIC is disabled
(FCLK = OFF); AWIC is used to wake up from interrupt. On-chip
voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency. All SRAM is operating
(content retained and I/O states held).
LLS (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop) |mode (with clocks stopped), but LLWU, LPTimer, RTC, CMP, TSI, Interrupt!
DAC can be used. NVIC is disabled; LLWU is used to wake up.
NOTE: The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit stop mode on an LLS recovery.
All SRAM is operating (content retained and I/O states held).
VLLS3 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, TSI, DAC can be used. NVIC is disabled; LLWU
Stop3) is 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, TSI, DAC can be used. NVIC is disabled; LLWU
Stop?2) is 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, TSI, DAC can be used. NVIC is disabled; LLWU
Stop1) is used to wake up.
All of SRAM_U and SRAM_L are powered off. The 32-byte system
register file and the 32-byte VBAT register file remain powered for
customer-critical data.
Table continues on the next page...
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
192 Preliminary Freescale Semiconductor, Inc.

General Business Information




Chapter 7 Power Management

Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method
BAT (backup |The chip is powered down except for the VBAT supply. The RTC and Off Power-up
battery only) |the 32-byte VBAT register file for customer-critical data remain Sequence
powered.

1. Resumes normal run mode operation by executing the LLWU interrupt service routine.
2. Follows the reset flow with the LLWU interrupt flag set for the NVIC.

7.3 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt. The Nested Vectored Interrupt Controller (NVIC)
describes interrupt operation and what peripherals can cause interrupts.

NOTE
The 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.

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
MCAQG is cleared after VLLSx recovery and the oscillator will stop when ACKISO 1is
cleared unless the register is re-configured.
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7.4 Power mode transitions

The following figure shows the power mode transitions. Any reset always brings the chip
back to the normal run state. In run, wait, and stop modes active power regulation is
enabled. The VLPx modes are limited in frequency, but offer a lower power operating
mode than normal modes. The LLS and VLLSx modes are the lowest power stop modes
based on amount of logic or memory that is required to be retained by the application.

Any reset

Figure 7-1. Power mode state transition diagram
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7.5 Power modes shutdown sequencing

When entering stop or other low-power modes, the clocks are shut off in an orderly
sequence to safely place the chip in the targeted low-power state. All low-power entry
sequences are initiated by the core executing an WFI instruction. The ARM core's
outputs, SLEEPDEEP and SLEEPING, trigger entry to the various low-power modes:

» 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:

* 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) and the Flash Controller for indications that System
Clocks, Bus Clock and/or Flash Clock need to be left enabled to complete a
previously initiated operation, effectively stalling entry to the targeted low power
mode. When all acknowledges are detected, System Clock, Bus Clock and Flash
Clock are turned off at the same time.

* MCG and Mode Controller shut off clock sources and/or the internal supplies driven
from the on-chip regulator as defined for the targeted low power mode.

In wait modes, most of the system clocks are not affected by the low power mode entry.
The Core Clock to the ARM Cortex-M4 core is shut off. Some modules support stop-in-
wait functionality and have their clocks disabled under these configurations.

The debugger modules support a transition from stop, wait, VLPS, and VLPW back to a
halted state when the debugger is enabled. This transition is initiated by setting the Debug
Request bit in MDM-AP control register. As part of this transition, system clocking is re-
established and is equivalent to normal run/VLPR mode clocking configuration.

7.6 Module Operation in Low Power Modes

The following table illustrates the functionality of each module while the chip is in each
of the low power modes. (Debug modules are discussed separately; see Debug in Low
Power Modes.) Number ratings (such as 2 MHz and 1 Mbps) represent the maximum
frequencies or maximum data rates per mode. Also, these terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.
* static = Module register states and associated memories are retained.
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* powered = Memory is powered to retain contents.
* low power = Flash has a low power state that retains configuration registers to

support faster wakeup.
* OFF = Modules are powered off; module is in reset state upon wakeup.
» wakeup = Modules can serve as a wakeup source for the chip.

Table 7-2. Module operation in low power modes

Modules | Stop | VLPR | VLPW | VLPS | LLS VLLSx
Core modules
NVIC | static | FF | FF | static | static OFF
System modules

Mode Controller FF FF FF FF FF FF

LLwu? static static static static FF FF

Regulator ON low power low power low power low power low power

LVD ON disabled disabled disabled disabled disabled

Brown-out ON ON ON ON ON ON

Detection

DMA static FF FF static static OFF

Watchdog FF FF FF FF static OFF

EWM static FF static static static OFF

Clocks

1kHz LPO ON ON ON ON ON ON

System OSCERCLK OSCERCLK OSCERCLK OSCERCLK limited to low limited to low

oscillator (OSC) optional max of 4MHz max of 4MHz max of 4MHz | range/low power | range/low power

crystal crystal crystal
MCG static - 4 MHz IRC 4 MHz IRC static - no clock | static - no clock OFF
MCGIRCLK output output
optional; PLL
optionally on but
gated

Core clock OFF 4 MHz max OFF OFF OFF OFF

System clock OFF 4 MHz max 4 MHz max OFF OFF OFF

Bus clock OFF 4 MHz max 4 MHz max OFF OFF OFF

Memory and memory interfaces
Flash powered 1 MHz max low power low power OFF OFF
access - no pgm

Portion of low power low power low power low power low power low power in

SRAM_UZ? VLLS3,2;
otherwise OFF

Remaining low power low power low power low power low power low power in

SRAM_U and all VLLSS;

of SRAM_L otherwise OFF

Register files® powered powered powered powered powered powered

EzPort disabled disabled disabled disabled disabled disabled

Communication interfaces

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

Modules Stop VLPR VLPW VLPS LLS VLLSXx
USB FS/LS static static static static static OFF
uUSB DCD static FF FF static static OFF
USB Voltage optional optional optional optional optional optional
Regulator
UART static, wakeup 125 kbps 125 kbps static, wakeup static OFF

on edge on edge
SPI static 1 Mbps 1 Mbps static static OFF
12C static, address 100 kbps 100 kbps static, address static OFF
match wakeup match wakeup
CAN wakeup 256 kbps 256 kbps wakeup static OFF
12s FF with external FF FF FF with external static OFF
clock* clock*
SDHC wakeup FF FF wakeup static OFF
Security
CRC static FF FF static static OFF
Timers
FTM static FF FF static static OFF
PIT static FF FF static static OFF
PDB static FF FF static static OFF
LPTMR FF FF FF FF FF FF
RTC - 32kHz FF FF FF FF FF® FF®
oscs
CMT static FF FF static static OFF
Analog
16-bit ADC ADC internal FF FF ADC internal static OFF
clock only clock only
CMP8 HS or LS level FF FF HS or LS level LS level LS level
compare compare compare compare
6-bit DAC static FF FF static static static
VREF FF FF FF FF static OFF
12-bit DAC static FF FF static static static
Human-machine interfaces
GPIO wakeup FF FF wakeup static, pins OFF, pins
latched latched
Segment LCD FF FF FF FF FF’ FF’
TSI wakeup FF FF wakeup wakeup?® wakeup®

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.
A 4 or 16KB portion of SRAM_U block is left powered on in low power mode VLLS2.
These components remain powered in BAT power mode.
Use an externally generated bit clock or an externally generated audio master clock (including EXTAL).
RTC_CLKOUT is not available.

akrwn
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6. CMP in stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in LLS
or VLLSx only supports low speed external pin to pin or external pin to DAC compares. Windowed, sampled & filtered
modes of operation are not available while in stop, VLPS, LLS, or VLLSx modes.

7. End of Frame wakeup not supported in LLS and VLLSKx.

8. TSI wakeup from LLS and VLLSx modes is limited to a single selectable pin.

7.7 Clock Gating

To conserve power, the clocks to most modules can be turned off using the SCGCx
registers in the SIM module. These bits are cleared after any reset, which disables the
clock to the corresponding module. Prior to initializing a module, set the corresponding
bit in the SCGCx register to enable the clock. Before turning off the clock, make sure to
disable the module. For more details, refer to the clock distribution and SIM chapters.
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Chapter 8
Security

8.1 Introduction

This device implements security based on the mode selected from the flash module. The
following sections provide an overview of flash security and details the effects of security
on non-flash modules.

8.2 Flash Security

The flash module provides security information to the MCU based on the state held by
the FSEC[SEC] bits. The MCU, in turn, confirms the security request and limits access to
flash resources. During reset, the flash module initializes the FSEC register using data
read from the security byte of the flash configuration field.

NOTE
The security features apply only to external accesses: 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:

e IEEE 1149.1 JITAG

* IEEE 1149.7 JTAG (cJTAG)

» Serial Wire Debug (SWD)

e ARM Real-Time Trace Interface

The basic Cortex-M4 debug architecture is very flexible. The following diagram shows
the topology of the core debug architecture and its components.
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Figure 9-1. Cortex-M4 Debug Topology

The following table presents a brief description of each one of the debug components.

Table 9-1. Debug Components Description

Module

Description

SWJ-DP+ cJTAG

Modified Debug Port with support for SWD, JTAG, cJTAG

AHB-AP AHB Master Interface from JTAG to debug module and SOC
system memory maps

MDM-AP Provides centralized control and status registers for an
external debugger to control the device.

ROM Table Identifies which debug IP is available.

Core Debug Singlestep, Register Access, Run, Core Status

CoreSight Trace Funnel (not shown in figure)

The CSTF combines multiple trace streams onto a single ATB
bus.

CoreSight Trace Replicator (not shown in figure)

The ATB replicator enables two trace sinks to be wired
together and operate from the same incoming trace stream.

ETM (Embedded Trace Macrocell)

ETMv3.5 Architecture

CoreSight ETB (Embedded Trace Buffer)

Memory mapped buffer used to store trace data.

™

S/W Instrumentation Messaging + Simple Data Trace
Messaging + Watchpoint Messaging

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

Module Description

DWT (Data and Address Watchpoints) 4 data and address watchpoints (configurable for less, but 4
seems to be accepted)

FPB (Flash Patch and Breakpoints) The FPB implements hardware breakpoints and patches code
and data from code space to system space.

The FPB unit contains two literal comparators for matching
against literal loads from Code space, and remapping to a
corresponding area in System space.

The FBP also contains six instruction comparators for
matching against instruction fetches from Code space, and
remapping to a corresponding area in System space.
Alternatively, the six instruction comparators can individually
configure the comparators to return a Breakpoint Instruction
(BKPT) to the processor core on a match, so providing
hardware breakpoint capability.

TPIU (Trace Port Inteface Unit) Synchronous Mode (5-pin) = TRACE_D[3:0] +
TRACE_CLKOUT

Synchronous Mode (3-pin) = TRACE_D[1:0] +
TRACE_CLKOUT

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

MCM (Miscellaneous Control Module) The MCM provides miscellaneous control functions including

control of the ETB and trace path switching.

9.1.1 References
For more information on ARM debug components, see these documents:

* ARMvV7-M Architecture Reference Manual
* ARM Debug Interface v5.1

e ARM CoreSight Architecture Specification
* ARM ETM Architecture Specification v3.5

9.2 The Debug Port

The configuration of the cJTAG module, JTAG controller, and debug port is illustrated in
the following figure:
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Figure 9-2. Modified Debug Port

The debug port comes out of reset in standard JTAG mode and is switched into either
cJTAG or SWD mode by the following sequences. Once the mode has been changed,
unused debug pins can be reassigned to any of their alternative muxed functions.

9.2.1 JTAG-to-SWD change sequence

1. Send more than 50 TCK cycles with TMS (SWDIO) =1

2. Send the 16-bit sequence on TMS (SWDIO)=0111_1001_1110_0111 (MSB
transmitted first)

3. Send more than 50 TCK cycles with TMS (SWDIO) =1

NOTE
See the ARM documentation for the CoreSight DAP Lite for
restrictions.

9.2.2 JTAG-to-cJTAG change sequence
1. Reset the debug port
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2. Set the control level to 2 via zero-bit scans
3. Execute the Store Format (STFMT) command (00011) to set the scan format register
to 1149.7 scan format

9.3 Debug Port Pin Descriptions

The debug port pins default after POR to their JTAG functionality with the exception of
JTAG_TRST_b and can be later reassigned to their alternate functionalities. In cJTAG

and SWD modes JTAG_TDI and JTAG_TRST_b can be configured to alternate GPIO
functions.

Table 9-2. Debug port pins

Pin Name JTAG Debug Port c¢JTAG 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/ |I 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_ |l 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 © & ©
T g
ol
o |55 >§ SWJ-DP
.Z’ _% E:' — w _8 See the ARM Debug Interface v5p1 Supplement.
o | 2|lElo]3 8
o [glolx]d
o' 1l
aolalm|E
o =121 =
o 518128
a|l21813
ol?o| o m
2l2[%]3 Generic
oljol<|x Debug Port
(DP) 4
]
¥
APSEL Data[31:0] | A[7:4] | A[3:2] | RnW| *
Decode ' 5 SELECT[31:24] (APSEL) selects the AP
| > = SELECT[7:4] (APBANKSEL) selects the bank
[
o) A[3:2] from the APACC selects the register
< within the bank
\ A / v v <
g g & AHB-AP
S g g SELECT[31:24] = 0x00 selects the AHB-AP
AHB Access Port See ARM documentation for further details
(AHB-AP) MDM-AP = g
g| B S  MDM-AP
® g E 8 SELECT[31:24] = 0x01 selects the MDM-AP
] =
7y SELECT[7:4] = 0x0 selects the bank with Status and Ctrl
A[3:2] = 2'b00 selects the Status Register
A[3:2] = 2'b01 selects the Control Register
Bus Matrix Y J SELECT[7:4] = OxF selects the baqk with IDR
See Oontrol and Status Register "}g”gl = ?:’1 ! Se('jec(‘)s gg‘i 'CDFQOFS%Q'“S’
Descriptions ( register reads Ox| A )

Figure 9-3. MDM AP Addressing
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9.5.1 MDM-AP Control Register
Table 9-5. MDM-AP Control register assignments

Bit Name Secure! Description

0 |[Flash Mass Erase in Progress Y Set to cause mass erase. Cleared by hardware after mass erase
operation completes.

When mass erase is disabled (via MEEN and SEC settings), the erase
request does not occur and the Flash Mass Erase in Progress bit
continues to assert until the next system reset.

1 |Debug Disable N Set to disable debug. Clear to allow debug operation. When set it
overrides the C_DEBUGEN bit within the DHCSR and force disables
Debug logic.

2 |Debug Request N Set to force the Core to halt.

If the Core is in a stop or wait mode, this bit can be used to wakeup the
core and transition to a halted state.

3 |System Reset Request N Set to force a system reset. The system remains held in reset until this
bit is cleared.

4 | Core Hold Reset N Configuration bit to control Core operation at the end of system reset
sequencing.

0 Normal operation - release the Core from reset along with the rest of
the system at the end of system reset sequencing.

1 Suspend operation - hold the Core in reset at the end of reset
sequencing. Once the system enters this suspended state, clearing
this control bit immediately releases the Core from reset and CPU
operation begins.

5 |VLLSx Debug Request N Set to configure the system to be held in reset after the next recovery
(VLLDBGREQ) from a VLLSx mode. This bit is ignored on a VLLS wakeup via the
Reset pin. During a VLLS wakeup via the Reset pin, the system can be
held in reset by holding the reset pin asserted allowing the debugger to
re-initialize the debug modules.

This bit holds the system 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 system
in reset until VLLDBGACK is asserted.

The VLLDBGREQ bit clears automatically due to the POR reset
generated as part of the VLLSx recovery.

6 |VLLSx Debug Acknowledge N Set to release a system being held in reset following a VLLSx recovery

(VLLDBGACK) This bit is used by the debugger to release the system reset when it is

being held on VLLSx mode exit. The debugger re-initializes all debug
IP and then assert this control bit to allow the Mode Controller to
release the system from reset and allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger or can be left set
because it clears automatically due to the POR reset generated as part
of the next VLLSx recovery.

Table continues on the next page...
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Table 9-5. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

7 |LLS, VLLSx Status Acknowledge |N Set this bit to acknowledge the DAP LLS and VLLS Status bits have
been read. This acknowledge automatically clears the status bits.

This bit is used by the debugger to clear the sticky LLS and VLLSx
mode entry status bits. This bit is asserted and cleared by the
debugger.

8 |Timestamp Disable N Set this bit to disable the 48-bit global trace timestamp counter during
debug halt mode when the core is halted.

0 The timestamp counter continues to count assuming trace is enabled
and the ETM is enabled. (default)

1 The timestamp counter freezes when the core has halted (debug halt
mode).

9 — |Reserved for future use N
31

1. Command available in secure mode

9.5.2 MDM-AP Status Register
Table 9-6. MDM-AP Status register assignments

Bit Name Description

0 Flash Mass Erase Acknowledge The Flash Mass Erase Acknowledge bit is cleared after any system reset.
The bit is also cleared at launch of a mass erase command due to write of
Flash Mass Erase in Progress bit in MDM AP Control Register. The Flash
Mass Erase Acknowledge is set after Flash control logic has started the
mass erase operation.

When mass erase is disabled (via MEEN and SEC settings), an erase
request due to seting of Flash Mass Erase in Progress bit is not
acknowledged.

1 Flash Ready Indicate Flash has been initialized and debugger can be configured even if
system is continuing to be held in reset via the debugger.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This bit
indicates when the part is locked and no system bus access is possible.

3 System Reset Indicates the system reset state.
0 System is in reset

1 System is not in reset

Reserved

Mass Erase Enable Indicates if the MCU can be mass erased or not
0 Mass erase is disabled

1 Mass erase is enabled

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

Bit Name Description
6 Backdoor Access Key Enable Indicates if the MCU has the backdoor access key enabled.
0 Disabled
1 Enabled
7 LP Enabled Decode of LPLLSM control bits to indicate that VLPS, LLS, or VLLSx are

the selected power mode the next time the ARM Core enters Deep Sleep.
0 Low Power Stop Mode is not enabled
1 Low Power Stop Mode is enabled

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

* Debug reset (CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register) in the
TCLK domain that allows the debugger to reset the debug logic.

» TRST asserted via the cJTAG escape command.

* 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.

The MPU includes default settings and protections for the Region Descriptor 0 (RGDO0)
such that the Debugger always has access to the entire address space and those rights
cannot be changed by the core or any other bus master.

For a short period at the start of a system reset event the system security status is being
determined and debugger access to all AHB-AP transactions is blocked. The MDM-AP
Status register is accessible and can be monitored to determine when this initial period is
completed. After this initial period, if system reset is held via assertion of the RESET pin,
the debugger has access via the bus matrix to the private peripheral bus to configure the
debug IP even while system reset is asserted. While in system reset, access to other
memory and register resources, accessed over the Crossbar Switch, is blocked.
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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
generate packets. If multiple sources generate packets at the same time, the ITM
arbitrates the order in which packets are output. The four sources in decreasing order of
priority are:

1. Software trace -- Software can write directly to I'TM stimulus registers. This emits
packets.

2. Hardware trace -- The DWT generates these packets, and the ITM emits them.

3. Time stamping -- Timestamps are emitted relative to packets. The ITM contains a
21-bit counter to generate the timestamp. The Cortex-M4 clock or the bitclock rate of
the Serial Wire Viewer (SWV) output clocks the counter.

4. Global system timestamping. Timestamps can optionally be generated using a
system-wide 48-bit count value. The same count value can be used to insert
timestamps in the ETM trace stream, allowing coarse-grain correlation.

9.9 Core Trace Connectivity

[—> NMI Interrupt
MCM [— MCM Alert Interrupt
—— Debug Halt Request

A A
CORE CLOCK X TRACECLKIN

\ 4 1
< Private Peripheral Bus >:
4 A A A 1
ATB ATB 1
(8-bit) (32-bit) 1
> ATB :
UPSIZER 1
ETM 1 ETB :
ATB | 1
— (32-bit) (o |
1
ATB UPSIZER ATB :
REPLICATOR FUNNEL [
ATB !
(8-bit) :

v I “ TRACE PORT
ATB 1

_bi > l¢——— TRACECLKIN
I DWT ™ | (8:bit TPIUI — TRACECLK
> | I——> TRACEDATA[3:0]
(QI,?‘) | ! |— TRACESWO

I
ATB :
REPLICATOR 1

Figure 9-4. Core Trace Connectivity
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The ETM and I'TM can route its data to the ETB or 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. The arbitration between the ETM and I'TM is performed
inside the TPIU.

The ETB can not be configured with an interface smaller than 32 bits, making it
necessary to add an ATB upsizer to make it compatible with the ETM operating with an
8-bit interface. The speed of the ETB 32 bit interface and its associated RAM is expected
to be one quarter of the ETB clock.

The following combinations paths are supported:

ETM -> ETB

ETM -> TPIU(4 pin or 2 pin parallel)
ITM->ETB

ITM->TPIU(1 pin SWO, 2 pin or 4 pin parallel)
ETM & ITM -> ETB

ETM & ITM -> TPIU

ETM -> ETB & ITM -> TPIU

NNk L=

The following combination paths are NOT supported

I. ETM -> TPIU & ETB
2. ITM ->TPIU & ETB

9.10 Embedded Trace Macrocell v3.5 (ETM)

The Cortex-M4 Embedded Trace Macrocell (ETM-M4) is a debug component that
enables a debugger to reconstruct program execution. The CoreSight ETM-M4 supports

only instruction trace. You can use it either with the Cortex-M4 Trace Port Interface Unit
(M4-TPIU), or with the CoreSight ETB.

The main features of an ETM are:

tracing of 16-bit and 32-bit Thumb instructions
four EmbeddedICE watchpoint inputs

a Trace Start/Stop block with EmbeddedICE inputs
one reduced function counter

two external inputs

a 24-byte FIFO queue

global timestamping

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

Freescale Semiconductor, Inc. Preliminary 213
General Business Information




vuresight Embedded Trace Buffer (ETB)

9.11 Coresight Embedded Trace Buffer (ETB)

The ETB provides on-chip storage of trace data using 32-bit RAM. The ETB accepts
trace data from any CoreSight-compliant component trace source with an ATB master
port, such as a trace source or a trace funnel. It is included in this device to remove
dependencies from the trace pin pad speed, and enable low cost trace solutions. The
TraceRAM size is 2 KB.

ATB
ATB slave port il » Formatter >
Trace RAM >
j‘ interface
4
_ TraceRAM
TRIGIN > Control <
(from ETM Trigger out) 7y 7 7Y
\ 4 v v
APB > Ai';B — Register Bank

Figure 9-5. ETB Block Diagram

The ETB contains the following blocks:

* Formatter -- Inserts source ID signals into the data packet stream so that trace data
can be re-associated with its trace source after the data is read back out of the ETB.

* Control -- Control registers for trace capture and flushing.

* APB interface -- Read, write, and data pointers provide access to ETB registers. In
addition, the APB interface supports wait states through the use of a PREADYDBG
signal output by the ETB. The APB interface is synchronous to the ATB domain.

* Register bank -- Contains the management, control, and status registers for triggers,
flushing behavior, and external control.

* Trace RAM interface -- Controls reads and writes to the Trace RAM.

9.11.1 Performance Profiling with the ETB

To create a performance profile (e.g. gprof) for the target application, a means to collect
trace over a long period of time is needed. The ETB buffer is too small to capture a
meaningful profile in just one take. What is needed is to collect and concatenate data
from the ETB buffer for multiple sequential runs. Using the ETB packet counter
(described in Miscellaneous Control Module (MCM)), the trace analysis tool can capture
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multiple sequential runs by executing code until the ETB is almost full, and halting or
executing an interrupt handler to allow the buffer to be emptied, and then continuing
executing code. The target halts or executes an interrupt handler when the buffer is
almost full to empty the data and then the debugger runs the target again.

9.11.2 ETB Counter Control

The ETB packet counter is controlled by the ETB counter control register, ETB reload
register, and ETB counter value register implemented in the Miscellaneous Control
Module (MCM) accessible via the Private Peripheral Bus. Via the ETB counter control
register the ETB control logic can be configured to cause an MCM Alert Interrupt, an
NMI Interrupt, or cause a Debug halt when the down counter reaches 0. Other features of
the ETB control logic include:

* Down counter to count as many as 512 x 32-bit packets.

* Reload request transfers reload value to counter.

e ATB valid and ready signals used to form counter decrement.
e The counter disarms itself when the count reaches 0.

9.12 TPIU

The TPIU acts as a bridge between the on-chip trace data from the Embedded Trace
Macrocell (ETM) and the Instrumentation Trace Macrocell (ITM), with separate IDs, to a
data stream, encapsulating IDs where required, that is then captured by a Trace Port
Analyzer (TPA). The TPIU is specially designed for low-cost debug.

9.13 DWT

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

* [t contains four comparators that you can configure as a hardware watchpoint, an
ETM trigger, a PC sampler event trigger, or a data address sampler event trigger. The
first comparator, DWT_COMPO, can also compare against the clock cycle counter,
CYCCNT. The second comparator, DWT_COMPI, can also be used as a data
comparator.

e The DWT contains counters for:

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

NOTE

An event 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.

9.14 Debug in Low Power Modes

In low power modes in which the debug modules are kept static or powered off, the
debugger cannot gather any debug data for the duration of the low power mode. In the
case that the debugger is held static, the debug port returns to full functionality as soon as
the low power mode exits and the system returns to a state with active debug. In the case
that the debugger logic is powered off, the debugger is reset on recovery and must be
reconfigured once the low power mode is exited.

Power mode entry logic monitors Debug Power Up and System Power Up signals from
the debug port as indications that a debugger is active. These signals can be changed in
RUN, VLPR, WAIT and VLPW. If the debug signal is active and the system attempts to
enter stop or VLPS, FCLK continues to run to support core register access. In these
modes in which FCLK is left active the debug modules have access to core registers but
not to system memory resources accessed via the crossbar.

With debug enabled, transitions from Run directly to VLPS are not allowed and result in
the system entering Stop mode instead. Status bits within the MDM-AP Status register
can be evaluated to determine this pseudo-VLPS state. Note with the debug enabled,
transitions from Run--> VLPR --> VLPS are still possible but also result in the system
entering Stop mode instead.

In VLLS mode all debug modules are powered off and reset at wakeup. In LLS mode, the
debug modules retain their state but no debug activity is possible.

NOTE
When using cJTAG and entering LLS mode, the cJTAG
controller must be reset on exit from LLS mode.

Going into a VLLSx mode causes all the debug controls and settings to be reset. To give
time to the debugger to sync up with the HW, the MDM-AP Control register can be
configured hold the system in reset on recovery so that the debugger can regain control
and reconfigure debug logic prior to the system exiting reset and resuming operation.
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9.14.1 Debug Module State in Low Power Modes

The following table shows the state of the debug modules in low power modes. These
terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.

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

* OFF = Modules are powered off; module is in reset state upon wakeup.

Table 9-7. Debug Module State in Low Power Modes

Module STOP VLPR VLPW VLPS LLS VLLSx
Debug Port FF FF FF OFF static OFF
AHB-AP FF FF FF OFF static OFF
IT™ FF FF FF OFF static OFF
ETM FF FF FF OFF static OFF
ETB FF FF FF OFF static OFF
TPIU FF FF FF OFF static OFF
DWT FF FF FF OFF static OFF

9.15 Debug & Security

When security is enabled (FSEC[SEC] != 10), the debug port capabilities are limited in
order to prevent exploitation of secure data. In the secure state the debugger still has
access to the MDM-AP Status Register and can determine the current security state of the
device. In the case of a secure device, the debugger also has the capability of performing
a mass erase operation via writes to the MDM-AP Control Register. In the case of a
secure device that has mass erase disabled (FSEC[MEEN] = 10), attempts to mass erase
via the debug interface are blocked.
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Chapter 10
Signal Multiplexing and Signal Descriptions

10.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Control block controls which signal is present on the external pin. Reference
that chapter to find which register controls the operation of a specific pin.

10.2 Signal Multiplexing Integration

This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 1

Register
access

- Transfers Transfers
e

Signal Multiplexing/ |~ o &
: : Port Control : . g
I ———

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
* Five 32-pin ports
NOTE

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

* Each 32-pin port is assigned one interrupt.

» The digital filter option has two clock source options: bus clock and 1-kHz LPO. The
1-kHz LPO option gives users this feature in low power modes.

 The digital filter is configurable from 1 to 32 clock cycles when enabled.

10.2.2 PCRn reset values for port A
PCRn bit reset values for port A are 1 for the following bits:

e For PCRO: bits 1, 6, 8, 9, and 10.
e For PCR1 to PCR4: bits O, 1, 6, 8, 9, and 10.
e For PCRS5 : bits O, 1, and 6.

All other PCRn bit reset values for port A are 0.

10.2.3 Clock gating

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

10.3.1 K40 Signal Multiplexing and Pin Assignments

. ___________________________________________________________________________4
Chapter 10 Signal Multiplexing and Signal Descriptions

10.2.4 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.
3. For normal operation of the LCD, use ALTO LCD functions. The ALT7 LCD

functions are only available for LCD fault detection.

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.

100 Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP
1 | PTEO ADC1_SEda | ADC1_SE4a | PTEO SPI1_PCS1 UART1_TX SDHC0_D1 FB_AD27 [2C1_SDA RTC_CLKOUT
2 | PTEY/ ADC1_SES5a | ADC1_SESa | PTEY/ SPI_SOUT | UART1_RX SDHCO_DO FB_AD26 [2C1_SCL SPI1_SIN
LLWU_PO LLWU_PO
3 | PTEY ADC1_SE6a | ADC1_SE6a | PTE2 SPI1_SCK UART1_CTS_b | SDHCO_DCLK | FB_AD25
LLWU_P1 LLWU_P1
4 | PTE3 ADC1_SE7a | ADC1_SE7a | PTE3 SPI1_SIN UART1_RTS_b | SDHCO_CMD | FB_AD24 SPI1_SOUT
5 | PTE4/ DISABLED PTE4/ SPI_PCS0 | UARTS_TX SDHC0_D3 FB_CS3_b/ FB_TAb
LLWU_P2 LLWU_P2 FB_BE7 0_b
6 | PTES DISABLED PTE5 SPI1_PCS2 UART3_RX SDHC0_D2 FB_TBST b/
FB_CS2_b/
FB_BE15.8.b
7 | PTE6 DISABLED PTE6 SPI_PCS3 | UART3_CTS_b | 2S0_MCLK | FB_ALE/ USB_SOF_
FB_CS1_b/ out
FB_TS b
8 | VDD VDD VDD
9 | VSS VSS VSS
10 | USB0_DP USB0_DP USB0_DP
11| USBO_DM USB0_DM USBO_DM
12| VOUT33 VOUT33 VOUT33
13 | VREGIN VREGIN VREGIN
14 | ADCO_DP1 ADCO_DP1 ADCO_DP1
15 | ADCO_DM1 ADCO_DM1 ADCO_DM1
16 | ADC1_DP1 ADC1_DP1 ADC1_DP1
17 | ADC1_DM{ ADC1_DM1 ADC1_DM1
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100 |  PinName Default ALTO ALTY ALT2 ALTS ALT4 ALTS ALT6 ALT7 EzPort
LQFP

18 | PGAO_DP/ PGAO_DP/ PGAO_DP/
ADCO_DPO/ | ADCO_DPO/ | ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

19 | PGAODM/ | PGAODM/ | PGAO_DW
ADCO_DMO/ | ADCO_DMO/ | ADCO_DMO/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

20 | PGA1_DP/ PGA1_DP/ PGA1_DP/
ADC1_DPO/ | ADC1_DPO/ | ADC1_DPO/
ADCO_DP3 | ADCO_DP3 | ADC0_DP3

21 | PGA1_DW PGA1_DM/ PGA1_DW/
ADC1_DMO/ | ADC1_DMO/ | ADC1_DM0/
ADCO_DM3 | ADCO_DM3 | ADCO_DMS3

22 | VDDA VDDA VDDA
23 | VREFH VREFH VREFH
24 | VREFL VREFL VREFL
25 | VSSA VSSA VSSA

26 | VREF_OUT/ | VREF_OUT/ | VREF_OUT/
CMP1_INS/ | CMP1_IN5/ | CMP1_IN5/
CMPO_INS/ | CMPO_INS/ | CMPO_IN5/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18

27 | DACO_OUT/ | DAC0_OUT/ | DACO_OUT/
CMP1_INY/ | CMP1_IN3/ | CMP1_IN3/
ADCO_SE23 | ADCO_SE23 | ADCO_SE23

28 | XTAL32 XTAL32 XTAL32
29 | EXTALR2 EXTAL32 EXTAL32

30 | VBAT VBAT VBAT
31 | PTEA ADCO_SE17 | ADCO_SE17 | PTE24 CAN1_TX UART4_TX EWM_OUT_b
8 | PTE2 ADCO_SE18 | ADCO_SE18 | PTE25 CAN1_RX UART4_RX FB_AD23 EWM_IN
33 | PTE26 DISABLED PTE26 UART4_CTS b FB_AD22 RTC_CLKOUT | USB_CLKIN
34 | PTAD JTAG_TCLK/ | TSI0_CH1 PTAO UARTO_CTS_ | FTMO_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ bf SWD_CLK
EZP_CLK UARTO_COL b
3% | PTA1 JTAG_TDI | TSI0_CH2 PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI EZP_DI
EzP DI
3% | PTA2 JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX | FTMO_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EzP_DO
37 | PTAS JTAG_TMS/ | TSI0_CH4 PTAS UARTO_RTS b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO
3 | PTAY NMI_b/ T810_CHs PTA4/ FTMO_CH! NMI_b EZP CS b
LLWU_P3 EZP CS b LLWU_P3
39 | PTAS DISABLED PTAS USB_CLKIN | FTM0_CH2 CMP2_OUT | I250_TX_BCLK | JTAG_TRST_b
40 | VDD VDD VDD
4 | VSS V88 VSS
42 | PTA12 CMP2_INO CMP2_INO PTA12 CANO_TX FTM1_CHO FBCS5.b/ | 1250_TXDO | FTM1_QD_
FB_TSIZ1/ PHA
FB_BE23_16_b
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100 |  PinName Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALTG ALT7 EzPort
LQFP
43 | PTA1Y CMP2_IN1 CMP2_IN1 PTA1Y/ CANO_RX FTM1_CHT FB CS4 b/ | I280_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 FB_TSIZ0/ PHB
FB BE31_24 b
44 | PTA14 DISABLED PTA14 SPI0_PCSO | UARTO_TX FB_AD31 1280_RX_BCLK | 1280_TXD1
45 | PTA5 DISABLED PTA15 SPI0_SCK UARTO_RX FB_AD30 250_RXDO
46 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_CTS_ FB_AD29 [250_RX_FS | 1280_RXDf
b/
UART0_COL b
47 | PTAI7 ADC1_SE17 | ADC1_SE17 | PTA17 SPI0_SIN UARTO_RTS b FB_AD28 280_MCLK
48 | VDD \DD vDD
49 | VSS VSS VSS
50 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
51 | PTA19 XTALO XTALO PTA19 FTMI_FLTO | FTM_CLKIN1 LPTMRO_ALT
52 | RESET b RESET b RESET b
53 | PTBO/ LCD_PO/ LCD_PO/ PTBO/ 1200_SCL FTM1_CHO FTM1_.QD_ | LCD_PO
LLWU_P5 ADCO_SE8/ | ADCO_SE8/ | LLWU_P5 PHA
ADC1_SE8/ | ADC1_SE8/
TS10_CHO TS10_CHO
54 | PTB1 LCD_P1/ LCD_P1/ PTBI 1260_SDA FTM1_CHT FTM1_.QD_ | LCD_P1
ADCO_SEY | ADCO_SEY PHB
ADC1_SEY | ADC1_SEY
TS10_CH6 TS10_CH8
55 | PTB2 LCD_PY/ LCD_PY/ PTB2 1200_SCL UARTO_RTS b FTMO_FLT3 | LCD_P2
ADCO_SE12/ | ADCO_SE12/
T810_CH? T810_CH?
5 | PTB3 LCD_P3Y/ LCD_P3/ PTB3 12C0_SDA UARTO_CTS_ FTMO_FLTO | LCD_P3
ADCO_SE13/ | ADCO_SE13/ b/
TS10_CH8 T810_CH8 UART0_COL b
57 | PTB7 LCD_P7/ LCD_P7/ PTB7 LCD_P7
ADC1_SE13 | ADC1_SE13
58 | PTBS LCD_P8 LCD_P8 PTBS UART3_RTS b LCD_P8
59 | PTBY LCD_P9 LCD_P9 PTBY SPIt_PCS1 | UART3.CTS b LCD_P9
60 | PTBI0 LCD_P10/ LCD_P10/ PTB10 SPI1_PCSO | UART3_RX FTMO_FLTt | LCD_P10
ADC1_SE14 | ADC1_SE14
61 | PTBI1 LCD_P11/ LCD_P11/ PTBI1 SPI1_SCK UART3_TX FTMO_FLT2 | LCD_P11
ADC1_SE15 | ADC1_SE15
62 | PTB16 LCD_P12/ LCD_P12/ PTB16 SPI1_SOUT | UARTO_RX EWM_IN LCD_P12
T810_CH9 T810_CH9
63 | PTBI7 LCD_P13/ LCD_P13/ PTB17 SPI1_SIN UART0_TX EWM_OUT b | LCD_P13
TSI0_CH10 | TSI0_CH10
64 | PTBI8 LCD_P14/ LCD_P14/ PTB18 CANO_TX FTM2_CHO | 1250_TX BCLK FTM2.QD_ | LCD_P14
TSI0_CHI1 | TSIo_CH11 PHA
65 | PTB19 LCD_P15/ LCD_P15/ PTB19 CANO_RX FTM2_CH! [280_TX_FS FIM2.QD_ | LCD_P15
TSI0_CH12 | TSI0_CH12 PHB
66 | PTB20 LCD_P16 LCD_P16 PTB20 SPI2_PCS0 CMPO_OUT | LCD_P16
67 | PTB21 LCD_P17 LCD_P17 PTB21 SPI2_SCK CMP1_OUT | LCD_P17
68 | PTB22 LCD_P18 LCD_P18 PTB22 SPI2_SoUT CMP2_OUT | LCD_P18
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100 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP
69 | PTB23 LCD_P19 LCD_P19 PTB23 SPI2_SIN SPI0_PCS5 LCD_P19
70 | PTCO LCD_P2(/ LCD_P20/ PTCO SPI0_PCS4 PDBO_EXTRG [250_TXD1 LCD_P20

ADCO_SE14/ | ADCO_SE14/
TSI0_CH13 | TSI0_CH13

n | PTG LCD_P21/ LCD_P21/ PTCY/ SPIO_PCS3 | UART1_RTS_b | FTMO_CHO [250_TXDO | LCD_P21
LLWU_P6 ADCO_SE15/ | ADCO_SE15/ | LLWU_P6
TSI0_CH14 | TSI0_CH14

72 | PTC2 LCD_P22/ LCD_P22/ PTC2 SPI0_PCS2 | UART1_CTS b | FTMO_CH1 [280_TX_FS | LCD_P22
ADCO_SE4b/ | ADCO_SE4b/
CMP1_INO/ | CMP1_INO/
TSI0_CH15 | TSI0_CH15

73 | PTCY LCD_P23/ LCD_P23/ PTCY SPIO_PCSt | UARTI_RX | FTMO_CH2 | CLKOUT 1280_TX_BCLK | LCD_P23
LLWU_P7 CMP1_IN1 CMP1_IN1 LLWU_P7

74 | VSS V88 VSS

75 | VL3 VLL3 VLL3

76 | VLL2 VLL2 VLL2

77 | VLU VLU VLU

78 | VCAP2 VCAP2 VCAP2

79 | VCAP1 VCAP1 VCAP1

80 | PTC4 LCD_P24 LCD_P24 PTC4/ SPI_PCS0 | UARTI_TX | FTMO_CH3 CMP1_OUT | LCD_P24
LLWU_P8 LLWU_P8

81 | PTCY/ LCD_P25 LCD_P25 PTCH/ SPI0_SCK LPTMRO_ALT2 | 1250_RXDO CMPO_OUT | LCD_P25
LLWU_P9 LLWU_P9

82 | PTCH/ LCD_P26/ LCD_P26/ PTCE/ SPI0_SOUT | PDBO_EXTRG | [280_RX_BCLK [250_MCLK | LCD_P26
LLWU_P10 | CMPO_INO CMPO_INO LLWU_P10

83 | PTC7 LCD_P27/ LCD_P27/ PTC7 SPI0_SIN USB_SOF_ | I250_RX_FS LCD_P27

CMPO_IN1 CMPO_IN1 out
84 | PTC8 LCD_P28/ LCD_P28/ PTC8 250_MCLK LCD_P28

ADC1_SE4b/ | ADC1_SE4b/
CMPO_IN2 CMPO_IN2

85 | PTCY LCD_P29/ LCD_P29/ PTCY 250_RX_BCLK FTM2_FLTO | LCD_P29
ADC1_SE5b/ | ADC1_SESW/
CMPO_IN3 CMPO_IN3

8 | PTC10 LCD_P30/ LCD_P30/ PTC10 [2C1_SCL [250_RX_FS LCD_P30
ADC1_SE6b | ADC1_SE6b

87 | PTC1Y/ LCD_P31/ LCD_P31/ PTCH1/ [2C1_SDA 280_RXD1 LCD_P31
LLWU_P11 ADC1_SE7b | ADC1_SE7b | LLWU_P11

8 | VSS V88 VSS

89 | VDD VDD VDD

90 | PTC16 LCD_P36 LCD_P36 PTC16 CAN1_RX UART3_RX LCD_P36

91 | PTCI7 LCD_P37 LCD_P37 PTCI7 CAN1_TX UARTS_TX LCD_P37

9 | PTC18 LCD_P38 LCD_P38 PTC18 UART3_RTS b LCD_P38

93 | PTDO/ LCD_P40 LCD_P40 PTDU/ SPIO_PCS0 | UART2_RTS_b LCD_P40
LLWU_P12 LLWU_P12

94 | PTD1 LCD_P41/ LCD_P41/ PTD1 SPI0_SCK UART2_CTS b LCD_P41

ADCO_SE5b | ADCO_SESb
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100 |  PinName Default ALTO ALTY ALT2 ALTS ALT4 ALTS ALT6 ALT7 EzPort
LQFP
9 | PTDY LCD_P42 LCD_P42 PTD/ SPI0_SOUT | UART2_RX LCD_P42

LLWU_P13 LLWU_P13
9% | PTD3 LCD_P43 LCD_P43 PTD3 SPI0_SIN UART2_TX LCD_P43
97 | PTD4 LCD_P44 LCD_P44 PTD4/ SPIO_PCS1 | UARTO_RTS_b | FTM0_CH4 EWM_IN LCD_P44

LLWU_P14 LLWU_P14
98 | PTD5 LCD_P45/ LCD_P45/ PTD5 SPI0_PCS2 | UARTO_CTS_ | FTM0_CH5 EWM_OUT b | LCD_P45

ADCO_SE6b | ADCO_SE6b bf
UART0_COL b

99 | PTDE/ LCD_P46/ LCD_P46/ PTD6/ SPIO_PCS3 | UARTO_RX | FTM0_CH6 FTMO_FLTO | LCD_P46

LLWU_P15 | ADCO_SE7b | ADCO_SE7b | LLWU_P15
100 | PTD7 LCD_P47 LCD_P47 PTD7 CMT_IRO UARTO_TX | FTMO_CH7 FIMO_FLTt | LCD_P47

10.3.2 K40 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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PGA0_DP/ADCO_DPO0/ADC1_DP3 |:
PGAO_DM/ADC0_DMO0/ADC1_DM3 |:
PGA1_DP/ADC1_DP0/ADCO_DP3 |:
PGA1_DM/ADC1_DMO0/ADCO_DM3 |:

preo[ |

PTE1LLWU_PO [_|
PTE2/LLWU_P1 [
prea [ |
PTE4LLWU_P2 [
pTEs [

pres [

vop [

vss [

usso_op [
usso_om[_|
voutss [_|
VREGIN [_|

Apco_ppt1 [
ADCO_DM1 [
ADC1_DP1 [
Apci_omt [

vopA [
vRerH [
vrerL [
vssa [

100 | ] PTD?

9o | | PTDE/LLWU_P15

o8| | PTDS

o7 | | pTDarLwu_P14

96| | PTD3

os | | pro2iLwu_p13

oa | ] PTD1

o3 | | pTDOLLWU_P12

e2| | PTCI18

o1 | ] PTC17
o | ] PTCt6
so| | vop

ss| | vss

a7 | ] PTCTIALWU_P11

s | | PTC10
85 :l PTC9

s | | PTCB
ss| | prc7

a2 | | prcenLwu_pio

st | | PTCsLLWU_PY

so | | PTCA/LLWU_P8

79| ] veapt

78 || veap2
d RS

60

59

58

57

56

[ ] vs
[ ] vss

[ ] preaiLwu_p?

[ ] Pre2

[ ] PrcinLwu_pe
[ ] prco

[ ] prB23
[ ] prB22
[ ] prB21

[ ] prB20
[ ] prBIO
[ ] prB18
[ ] P17
[ ] prBi16
[ ] P8I
[ ] P8I0
[ ] PTBO

[ ] PBe

[ ] Pre7

[ ] P83

[ ] pre2

[ ] PTBI

[ ] PTBOLLWU_PS
[ ] ReseTD
[ ] PTAte

|:26

VREF_OUT/CMP1_IN5/CMPO_IN5/ADC1_SE18

-

xTALz2 [ | 28

DACO_OUT/CMP1_IN3/ADCO_SE23

Figure 10-2. K40 100 LQFP Pinout Diagram

ExTALz2 [ | 20

veaT [ %0
pTE24 [ =
prE2s [ | =2
pTE26 [ | 88
pTAO [ 34
pTat [ s
pra2 [ s
pTAs | o

PTA4/LLWU_P3

]
PTAS [ 3o

vop [ 40
VSS |: 41
prat2 [ 42

10.4 Module Signal Description Tables

PTA13/LLWU_P4

|: 43
PTAt4 [ 44
PTAts [ 45
pTate [_| 46
prat7 [ a7

vop || 48
VSS |: 49

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 10-2. 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 10-3. 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 10-4. TPIU Signal Descriptions
Chip signal name Module signal Description /0
name
TRACE_CLKOUT TRACECLK Trace clock output from the ARM CoreSight debug block (0]
TRACE_DI[3:2] TRACEDATA Trace output data from the ARM CoreSight debug block used for 5- (0]
pin interface
TRACE_DI[1:0] TRACEDATA Trace output data from the ARM CoreSight debug block used for (0]
both 5-pin and 3-pin interfaces
TRACE_SWO JTAG_TDO/ Trace output data from the ARM CoreSight debug block over a (0]
TRACE_SWO single pin
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10.4.2 System Modules
Table 10-5. System Signal Descriptions

Chip signal name Module signal Description /0
name

NMI — Non-maskable interrupt

NOTE: Driving the NMI signal low forces a non-maskable
interrupt, if the NMI function is selected on the
corresponding pin.

RESET — Reset bi-directional signal I/0
VDD — MCU power I
VSS — MCU ground I

Table 10-6. EWM Signal Descriptions

Chip signal name Module signal Description /0
name
EWM_IN EWM_in EWM input for safety status of external safety circuits. The polarity

of EWM_in is programmable using the EWM_CTRL[ASSIN] bit. The
default polarity is active-low.

EWM_OUT EWM_out EWM reset out signal (0]

10.4.3 Clock Modules
Table 10-7. OSC Signal Descriptions

Chip signal name Module signal Description /0
name
EXTALO EXTAL External clock/Oscillator input I
XTALO XTAL Oscillator output (0]

Table 10-8. RTC OSC Signal Descriptions

Chip signal name Module signal Description /0
name
EXTAL32 EXTAL32 32.768 kHz oscillator input I
XTAL32 XTAL32 32.768 kHz oscillator output (0]
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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_DP3, DADP3-DADPO Differential Analog Channel Inputs
PGAOQ_DP,
ADCO_DPI1:0]
ADCO0_DMS, DADM3-DADMO |Differential Analog Channel Inputs
PGAO_DM,
ADCO0_DM[1:0]
ADCO_SE[18,17,15:1 AD23-AD4 Single-Ended Analog Channel Inputs
2,9:4]
[18,17,15:12,9:4]
VREFH VREFSH Voltage Reference Select High I
VREFL VREFSL Voltage Reference Select Low I
VDDA Vopa Analog Power Supply I
VSSA Vssa Analog Ground I
Table 10-11. ADC 1 Signal Descriptions
Chip signal name Module signal Description /0
name
ADC1_DP3, DADP3-DADPO Differential Analog Channel Inputs
PGA1_DP,
ADC1_DPI[1:0]
ADC1_DM3, DADM3-DADMO |Differential Analog Channel Inputs
PGA1_DM,
ADC1_DM[1:0]
ADC1_SE[18:17,15:1 AD23-AD4 Single-Ended Analog Channel Inputs
3,9:4]
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
Table continues on the next page...
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Table 10-11. ADC 1 Signal Descriptions (continued)

Chip signal name Module signal Description /0
name
VSSA Vssa Analog Ground

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. CMP 2 Signal Descriptions

Chip signal name Module signal Description /0
name
CMP2_IN[5:0] IN[5:0] Analog voltage inputs I
CMP2_OUT CMPO Comparator output (0]

Table 10-15. DAC 0 Signal Descriptions

Chip signal name Module signal Description /0
name

DACO_OUT — DAC output O

Table 10-16. TRIAMP 1 Signal Descriptions

Chip signal name Module signal Description /0
name
TRI1_DP inp_3v Amplifier positive input terminal I
TRI1_DM inn_3v Amplifier negative input terminal I
TRIH_OUT out_3v Amplifier output terminal (0]
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Table 10-17. VREF Signal Descriptions

Chip signal name Module signal Description /0
name
VREF_OUT VREF_OUT Internally-generated Voltage Reference output (0]
10.4.6 Timer Modules
Table 10-18. FTM 0 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTMO_CH][7:0] CHn FTM channel (n), where n can be 7-0 I/0
FTMO_FLT[3:0] FAULT,; Fault input (j), where j can be 3-0 I
Table 10-19. FTM 1 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM1_CH[1:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM1_FLTO FAULT,] Fault input (j), where j can be 3-0 I
FTM1_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with I
quadrature decoder phase A.
FTM1_QD_PHB PHB Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.
Table 10-20. FTM 2 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM2_CH[1:0] CHn FTM channel (n), where n can be 7-0 /10
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.
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Table 10-21. CMT Signal Descriptions

Chip signal name Module signal Description /0
name
CMT_IRO CMT_IRO Infrared Output (0]
Table 10-22. PDB 0 Signal Descriptions
Chip signal name Module signal Description /0
name
PDBO_EXTRG EXTRG External Trigger Input Source
If the PDB is enabled and external trigger input source is selected,
a positive edge on the EXTRG signal resets and starts the counter.
Table 10-23. LPT 0 Signal Descriptions
Chip signal name Module signal Description /0
name
LPTO_ALT[2:1] LPTMR_ALTn I Pulse
Counter
Input pin
Table 10-24. 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]
RTC_WAKEUP RTC_WAKEUP Wakeup for external device (0]
10.4.7 Communication Interfaces
Table 10-25. 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
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Table 10-26. USB VREG Signal Descriptions

Chip signal name Module signal Description /0
name
VOUT33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I
Table 10-27. CAN 0 Signal Descriptions
Chip signal name Module signal Description /0
name
CANO_RX CAN Rx CAN Receive Pin Input
CANO_TX CAN Tx CAN Transmit Pin Output
Table 10-28. CAN 1 Signal Descriptions
Chip signal name Module signal Description /0
name
CAN1_RX CAN Rx CAN Receive Pin Input
CAN1_TX CAN Tx CAN Transmit Pin Output
Table 10-29. SPI 0 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI0_PCSO0 PCS0/SS Peripheral Chip Select 0 output I/0
SPI0_PCS[3:1] PCS[3:1] Peripheral Chip Select 1 — 3 (0]
SPI0_PCS4 PCS4 Peripheral Chip Select 4 (0]
SPIO_SIN SIN Serial Data In I
SPI0O_SOUT SOuUT Serial Data Out (0]
SPI0_SCK SCK Master mode: Serial Clock (output) I/0
Table 10-30. SPI 1 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI1_PCSO0 PCS0/SS Peripheral Chip Select 0 output I/0
SPI1_PCS[3:1] PCS[3:1] Peripheral Chip Select 1 — 3 (0]
SPI1_SIN SIN Serial Data In I
SPI1_SOUT SOUT Serial Data Out (0]
SPI1_SCK SCK Master mode: Serial Clock (output) I/0
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Table 10-31. SPI 2 Signal Descriptions

Chip signal name Module signal Description /0
name
SPI2_PCS0 PCS0/SS Peripheral Chip Select 0 output I/0
SPI2_SIN SIN Serial Data In I
SPI2_SOUT SOUT Serial Data Out O
SPI2_SCK SCK Master mode: Serial Clock (output) I/0
Table 10-32. I2C 0 Signal Descriptions
Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C0_SDA SDA Bidirectional serial data line of the I2C system. 1’0
Table 10-33. I2C 1 Signal Descriptions
Chip signal name Module signal Description /0
name
12C1_SCL SCL Bidirectional serial clock line of the 12C system. I/0
12C1_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-34. 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 (0]
UARTO_TX TXD Transmit data (0]
UARTO_RX RXD Receive data I
UARTO_COL Collision Collision detect |
Table 10-35. 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

K40 Sub-Family Reference Manual, Rev. 2 Jun 2012

234 Preliminary
General Business Information

Freescale Semiconductor, Inc.



g |

. ___________________________________________________________________________4
Chapter 10 Signal Multiplexing and Signal Descriptions

Table 10-36. 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 0o
UART2_TX TXD Transmit data (6]
UART2_RX RXD Receive data I

Table 10-37. UART 3 Signal Descriptions

Chip signal name Module signal Description /0
name
UART3_CTS CTS Clear to send I
UART3_RTS RTS Request to send o]
UART3_TX TXD Transmit data (0]
UART3_RX RXD Receive data I

Table 10-38. UART 4 Signal Descriptions

Chip signal name Module signal Description /0
name
UART4_CTS CTS Clear to send I
UART4_RTS RTS Request to send O
UART4_TX TXD Transmit data (0]
UART4_RX RXD Receive data I

Table 10-39. SDHC Signal Descriptions

Chip signal name Module signal Description /0
name
SDHCO0_DCLK SDHC_DCLK Generated clock used to drive the MMC, SD, SDIO or CE-ATA (o]
cards.
SDHCO0_CMD SDHC_CMD Send commands to and receive responses from the card. I/0
SDHCO0_DO SDHC_DO DATO line or busy-state detect I/0
SDHCO0_D1 SDHC_D1 8-bit mode: DAT1 line I/O

4-bit mode: DAT1 line or interrupt detect
1-bit mode: Interrupt detect
SDHCO0_D2 SDHC_D2 4-/8-bit mode: DAT2 line or read wait I/0

1-bit mode: Read wait
SDHCO0_D3 SDHC_D3 4-/8-bit mode: DATS3 line or configured as card detection pin I/0

1-bit mode: May be configured as card detection pin
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Table 10-40. 12S0 Signal Descriptions

Chip signal name Module signal Description /0
name
12S0_MCLK SAI_MCLK Audio Master Clock /0
12S0_RX_BCLK SAI_RX_BCLK Receive Bit Clock I/0
12S0_RX_FS SAI_RX_SYNC Receive Frame Sync I/0
12S0_RXD SAI_RX_DATA[1:0] |Receive Data I
12S0_TX_BCLK SAI_TX_BCLK Transmit Bit Clock I/O
12S0_TX_FS SAI_TX_SYNC Transmit Frame Sync I/0
12S0_TXD SAI_TX_DATA[1:0] |Transmit Data (0]
10.4.8 Human-Machine Interfaces (HMI)
Table 10-41. 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-PORTBO |General-purpose input/output I/0
PTC[31:0] PORTC31-PORTCO |General-purpose input/output I/0
PTD[31:0]" PORTD31-PORTDO |General-purpose input/output I/0
PTE[31:0] PORTE31-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.

Table 10-42. TSI 0 Signal Descriptions

Chip signal name Module signal Description /0
name
TSI0_CH[15:0] TSI_IN[15:0] TSI pins. Switchable driver that connects directly to the electrode I/0
pins TSI[15:0] can operate as GPIO pins
Table 10-43. Segment LCD Signal Descriptions
Chip signal name Module signal Description /0
name
LCD_P[47:0]' LCD_P[63:0].64 |Configurable front plane/back plane driver that connects directly to (0]
LCD front plane/back |the display
plane LCD_P[63:0] can operate as GPIO pins
VLL[3:1] VL1, VLo, ViLs. LCD |LCD bias voltages (requires external capacitors when charge pump I/0
bias voltages is used)
VCAP[2:1] Veapts Veape: LCD | Charge pump capacitor pins (0]
charge pump
capacitance
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
236 Preliminary Freescale Semiconductor, Inc.

General Business Information




R
4 4
Chapter 10 Signal Multiplexing and Signal Descriptions

1. The available LCD pins depends on the specific package. See the signal multiplexing section for which exact LCD 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.

PUBLICATION ERROR: In module memory map tables,
register reset values may be incorrect. See the individual
register diagrams for accurate reset information.

11.2 Overview

The port control and interrupt (PORT) module provides support for port control, 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
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* Asynchronous wakeup in Low-Power modes
* Pin interrupt is functional in all digital Pin Muxing modes
* Port control

* Individual pull control fields with pullup, pulldown, and pull-disablesupport on
selected pins

* Individual drive strength field supporting high and low drive strength on selected
pins

* Individual slew rate field supporting fast and slow slew rates on selected pins

* Individual input passive filter field supporting enable and disable of the
individual input passive filter on selected pins

* Individual open drain field supporting enable and disable of the individual open
drain output on selected pins

* Individual mux control field supporting analog or pin disabled, GP1O, and up to
six chip-specific digital functions

» Pad configuration fields are functional in all digital Pin Muxing modes

11.2.2 Modes of operation

11.2.2.1 Run mode
In Run mode, the PORT operates normally.

11.2.2.2 Wait mode

In Wait mode, PORT continues to operate normally and may be configured to exit the
Low-Power mode if an enabled interrupt is detected. DMA requests are still generated
during the Wait mode, but do not cause an exit from the Low-Power mode.

11.2.2.3 Stop mode

In Stop mode, the PORT can be configured to exit the Low-Power mode via an
asynchronous wakeup signal if an enabled interrupt is detected.

11.2.2.4 Debug mode
In Debug mode, PORT operates normally.
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11.3 External signal description

The following table describes the PORT external signal.

Table 11-1. Signal properties

Name Function 1/0 Reset Pull
PORTXx[31:0] External interrupt /10 0 -
NOTE

Not all pins within each port are implemented on each device.

11.4 Detailed signal description

The following table contains the detailed signal description for the PORT interface.

Table 11-2. PORT interface—detailed signal description

Signal

/0

Description

PORTX[31:0]

I/0

External interrupt.

State meaning

Asserted—pin is logic one.

Negated—pin is logic zero.

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.

PORT memory map

2215;:::: Register name (ivr\nlilgitt:) Access | Reset value S(:)(;t;c;n/
(hex)
4004_9000 |Pin Control Register n (PORTA_PCRO) 32 R/W See section | 11.5.1/247
4004_9004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.5.1/247
4004_9008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.5.1/247
Table continues on the next page...
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PORT memory map (continued)

222?::: Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_900C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.5.1/247
4004_9010 |[Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.5.1/247
4004_9014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.5.1/247
4004_9018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.5.1/247
4004_901C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.5.1/247
4004_9020 |Pin Control Register n (PORTA_PCRS) 32 R/W See section | 11.5.1/247
4004_9024 |Pin Control Register n (PORTA_PCR9) 32 R/W See section | 11.5.1/247
4004_9028 |Pin Control Register n (PORTA_PCR10) 32 R/W See section | 11.5.1/247
4004_902C |Pin Control Register n (PORTA_PCR11) 32 R/W See section | 11.5.1/247
4004_9030 |Pin Control Register n (PORTA_PCR12) 32 R/W See section | 11.5.1/247
4004_9034 |Pin Control Register n (PORTA_PCR13) 32 R/W See section | 11.5.1/247
4004_9038 |Pin Control Register n (PORTA_PCR14) 32 R/W See section | 11.5.1/247
4004_903C |Pin Control Register n (PORTA_PCR15) 32 R/W See section | 11.5.1/247
4004_9040 |Pin Control Register n (PORTA_PCR16) 32 R/W See section | 11.5.1/247
4004_9044 |Pin Control Register n (PORTA_PCR17) 32 R/W See section | 11.5.1/247
4004_9048 |Pin Control Register n (PORTA_PCR18) 32 R/W See section | 11.5.1/247
4004_904C |Pin Control Register n (PORTA_PCR19) 32 R/W See section | 11.5.1/247
4004_9050 |Pin Control Register n (PORTA_PCR20) 32 R/W See section | 11.5.1/247
4004_9054 |Pin Control Register n (PORTA_PCR21) 32 R/W See section | 11.5.1/247
4004_9058 |Pin Control Register n (PORTA_PCR22) 32 R/W See section | 11.5.1/247
4004_905C |Pin Control Register n (PORTA_PCR23) 32 R/W See section | 11.5.1/247
4004_9060 |Pin Control Register n (PORTA_PCR24) 32 R/W See section | 11.5.1/247
4004_9064 |Pin Control Register n (PORTA_PCR25) 32 R/W See section | 11.5.1/247
4004_9068 |Pin Control Register n (PORTA_PCR26) 32 R/W See section | 11.5.1/247
4004_906C |Pin Control Register n (PORTA_PCR27) 32 R/W See section | 11.5.1/247
4004_9070 |Pin Control Register n (PORTA_PCR28) 32 R/W See section | 11.5.1/247
4004_9074 |Pin Control Register n (PORTA_PCR29) 32 R/W See section | 11.5.1/247
4004_9078 |Pin Control Register n (PORTA_PCR30) 32 R/W See section | 11.5.1/247
4004_907C |Pin Control Register n (PORTA_PCR31) 32 R/W See section | 11.5.1/247
. . W 0_0000
4004_9080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always BOOOh 11.5.2/250
reads 0) -
. . . W 0_0000
4004_9084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always BOOOh 11.5.3/250
reads 0) -
4004_90A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 068882 11.5.4/251
4004_A000 |Pin Control Register n (PORTB_PCRO) 32 R/W See section | 11.5.1/247
4004_A004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.5.1/247

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

Absolute

address Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_A008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.5.1/247
4004_A00C |Pin Control Register n (PORTB_PCRS3) 32 R/W See section | 11.5.1/247
4004_A010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.5.1/247
4004_A014 |Pin Control Register n (PORTB_PCRY5) 32 R/W See section | 11.5.1/247
4004_A018 |Pin Control Register n (PORTB_PCRS6) 32 R/W See section | 11.5.1/247
4004_A01C |Pin Control Register n (PORTB_PCR7) 32 R/W See section | 11.5.1/247
4004_A020 |Pin Control Register n (PORTB_PCRS) 32 R/W See section | 11.5.1/247
4004_A024 |Pin Control Register n (PORTB_PCR9) 32 R/W See section | 11.5.1/247
4004_A028 |Pin Control Register n (PORTB_PCR10) 32 R/W See section | 11.5.1/247
4004_A02C |Pin Control Register n (PORTB_PCR11) 32 R/W See section | 11.5.1/247
4004_A030 |Pin Control Register n (PORTB_PCR12) 32 R/W See section | 11.5.1/247
4004_A034 |Pin Control Register n (PORTB_PCR13) 32 R/W See section | 11.5.1/247
4004_A038 |Pin Control Register n (PORTB_PCR14) 32 R/W See section | 11.5.1/247
4004_A03C |Pin Control Register n (PORTB_PCR15) 32 R/W See section | 11.5.1/247
4004_A040 |Pin Control Register n (PORTB_PCR16) 32 R/W See section | 11.5.1/247
4004_A044 |Pin Control Register n (PORTB_PCR17) 32 R/W See section | 11.5.1/247
4004_A048 |Pin Control Register n (PORTB_PCR18) 32 R/W See section | 11.5.1/247
4004_A04C |Pin Control Register n (PORTB_PCR19) 32 R/W See section | 11.5.1/247
4004_A050 |Pin Control Register n (PORTB_PCR20) 32 R/W See section | 11.5.1/247
4004_A054 |Pin Control Register n (PORTB_PCR21) 32 R/W See section | 11.5.1/247
4004_A058 |Pin Control Register n (PORTB_PCR22) 32 R/W See section | 11.5.1/247
4004_A05C |Pin Control Register n (PORTB_PCR23) 32 R/W See section | 11.5.1/247
4004_A060 |Pin Control Register n (PORTB_PCR24) 32 R/W See section | 11.5.1/247
4004_A064 |Pin Control Register n (PORTB_PCR25) 32 R/W See section | 11.5.1/247
4004_A068 |Pin Control Register n (PORTB_PCR26) 32 R/W See section | 11.5.1/247
4004_A06C |Pin Control Register n (PORTB_PCR27) 32 R/W See section | 11.5.1/247
4004_A070 |Pin Control Register n (PORTB_PCR28) 32 R/W See section | 11.5.1/247
4004_A074 |Pin Control Register n (PORTB_PCR29) 32 R/W See section | 11.5.1/247
4004_A078 |Pin Control Register n (PORTB_PCR30) 32 R/W See section | 11.5.1/247
4004_A07C |Pin Control Register n (PORTB_PCR31) 32 R/W See section | 11.5.1/247
. . W 0_0000
4004_A080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always 0000h 11.5.2/250
reads 0) -
. . . W 0_0000
4004_A084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always 0000h 11.5.3/250
reads 0) -
4004_AOAO0 |Interrupt Status Flag Register (PORTB_ISFR) 32 wic 068882 11.5.4/251
4004_B000 |Pin Control Register n (PORTC_PCRO) 32 R/W See section | 11.5.1/247
Table continues on the next page...
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PORT memory map (continued)

222?::: Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)

4004_B004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.5.1/247
4004_B008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.5.1/247
4004_B00C |Pin Control Register n (PORTC_PCRS3) 32 R/W See section | 11.5.1/247
4004_B010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.5.1/247
4004_B014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.5.1/247
4004_B018 |Pin Control Register n (PORTC_PCR®6) 32 R/W See section | 11.5.1/247
4004_B01C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.5.1/247
4004_B020 |Pin Control Register n (PORTC_PCRS) 32 R/W See section | 11.5.1/247
4004_B024 |Pin Control Register n (PORTC_PCR9) 32 R/W See section | 11.5.1/247
4004_B028 |Pin Control Register n (PORTC_PCR10) 32 R/W See section | 11.5.1/247
4004_B02C |Pin Control Register n (PORTC_PCR11) 32 R/W See section | 11.5.1/247
4004_B030 |Pin Control Register n (PORTC_PCR12) 32 R/W See section | 11.5.1/247
4004_B034 |Pin Control Register n (PORTC_PCR13) 32 R/W See section | 11.5.1/247
4004_B038 |Pin Control Register n (PORTC_PCR14) 32 R/W See section | 11.5.1/247
4004_B03C |Pin Control Register n (PORTC_PCR15) 32 R/W See section | 11.5.1/247
4004_B040 |Pin Control Register n (PORTC_PCR16) 32 R/W See section | 11.5.1/247
4004_B044 |Pin Control Register n (PORTC_PCR17) 32 R/W See section | 11.5.1/247
4004_B048 |Pin Control Register n (PORTC_PCR18) 32 R/W See section | 11.5.1/247
4004_B04C |Pin Control Register n (PORTC_PCR19) 32 R/W See section | 11.5.1/247
4004_B050 |Pin Control Register n (PORTC_PCR20) 32 R/W See section | 11.5.1/247
4004_B054 |Pin Control Register n (PORTC_PCR21) 32 R/W See section | 11.5.1/247
4004_B058 |Pin Control Register n (PORTC_PCR22) 32 R/W See section | 11.5.1/247
4004_B05C |Pin Control Register n (PORTC_PCR23) 32 R/W See section | 11.5.1/247
4004_B060 |Pin Control Register n (PORTC_PCR24) 32 R/W See section | 11.5.1/247
4004_B064 |Pin Control Register n (PORTC_PCR25) 32 R/W See section | 11.5.1/247
4004_B068 |Pin Control Register n (PORTC_PCR26) 32 R/W See section | 11.5.1/247
4004_B06C |Pin Control Register n (PORTC_PCR27) 32 R/W See section | 11.5.1/247
4004_B070 |Pin Control Register n (PORTC_PCR28) 32 R/W See section | 11.5.1/247
4004_B074 |Pin Control Register n (PORTC_PCR29) 32 R/W See section | 11.5.1/247
4004_B078 |Pin Control Register n (PORTC_PCR30) 32 R/W See section | 11.5.1/247
4004_B07C |Pin Control Register n (PORTC_PCR31) 32 R/W See section | 11.5.1/247

. . W 0_0000
4004_B080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always BOOOh 11.5.2/250
reads 0) -
. . . W 0_0000
4004_B084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always 0000h 11.5.3/250
reads 0) -

4004_BOAO |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 068882 11.5.4/251
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PORT memory map (continued)

222?::: Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_CO000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.5.1/247
4004_CO004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.5.1/247
4004_C008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.5.1/247
4004_CO00C |Pin Control Register n (PORTD_PCRS3) 32 R/W See section | 11.5.1/247
4004_C010 |Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.5.1/247
4004_C014 |Pin Control Register n (PORTD_PCR5) 32 R/W See section | 11.5.1/247
4004_C018 |Pin Control Register n (PORTD_PCR®6) 32 R/W See section | 11.5.1/247
4004_C01C |Pin Control Register n (PORTD_PCR?7) 32 R/W See section | 11.5.1/247
4004_C020 |Pin Control Register n (PORTD_PCRS8) 32 R/W See section | 11.5.1/247
4004_C024 |Pin Control Register n (PORTD_PCR9) 32 R/W See section | 11.5.1/247
4004_C028 |Pin Control Register n (PORTD_PCR10) 32 R/W See section | 11.5.1/247
4004_C02C |Pin Control Register n (PORTD_PCR11) 32 R/W See section | 11.5.1/247
4004_C030 |Pin Control Register n (PORTD_PCR12) 32 R/W See section | 11.5.1/247
4004_C034 |Pin Control Register n (PORTD_PCR13) 32 R/W See section | 11.5.1/247
4004_C038 |Pin Control Register n (PORTD_PCR14) 32 R/W See section | 11.5.1/247
4004_CO03C |Pin Control Register n (PORTD_PCR15) 32 R/W See section | 11.5.1/247
4004_C040 |Pin Control Register n (PORTD_PCR16) 32 R/W See section | 11.5.1/247
4004_C044 |Pin Control Register n (PORTD_PCR17) 32 R/W See section | 11.5.1/247
4004_C048 |Pin Control Register n (PORTD_PCR18) 32 R/W See section | 11.5.1/247
4004_C04C |Pin Control Register n (PORTD_PCR19) 32 R/W See section | 11.5.1/247
4004_CO050 |Pin Control Register n (PORTD_PCR20) 32 R/W See section | 11.5.1/247
4004_C054 |Pin Control Register n (PORTD_PCR21) 32 R/W See section | 11.5.1/247
4004_C058 |Pin Control Register n (PORTD_PCR22) 32 R/W See section | 11.5.1/247
4004_CO05C |Pin Control Register n (PORTD_PCR23) 32 R/W See section | 11.5.1/247
4004_C060 |Pin Control Register n (PORTD_PCR24) 32 R/W See section | 11.5.1/247
4004_C064 |Pin Control Register n (PORTD_PCR25) 32 R/W See section | 11.5.1/247
4004_C068 |Pin Control Register n (PORTD_PCR26) 32 R/W See section | 11.5.1/247
4004_C06C |Pin Control Register n (PORTD_PCR27) 32 R/W See section | 11.5.1/247
4004_C070 |Pin Control Register n (PORTD_PCR28) 32 R/W See section | 11.5.1/247
4004_CO074 |Pin Control Register n (PORTD_PCR29) 32 R/W See section | 11.5.1/247
4004_C078 |Pin Control Register n (PORTD_PCR30) 32 R/W See section | 11.5.1/247
4004_C07C |Pin Control Register n (PORTD_PCR31) 32 R/W See section | 11.5.1/247
. . W 0_0000
4004_C080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always 0000h 11.5.2/250
reads 0) -
. . . W 0_0000
4004_C084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always BOOOh 11.5.3/250
reads 0) -
Table continues on the next page...
K40 Sub-Family Reference Manual, Rev. 2 Jun 2012
Freescale Semiconductor, Inc. Preliminary 245

General Business Information



r
4\ |

wmemory map and register definition

PORT memory map (continued)

222?::: Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_COAO |Interrupt Status Flag Register (PORTD_ISFR) 32 wic 068882 11.5.4/251
4004_D000 |Pin Control Register n (PORTE_PCRO) 32 R/W See section | 11.5.1/247
4004_D004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.5.1/247
4004_D008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.5.1/247
4004_DO00C |Pin Control Register n (PORTE_PCR3) 32 R/W See section | 11.5.1/247
4004_D010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.5.1/247
4004_DO014 |Pin Control Register n (PORTE_PCR5) 32 R/W See section | 11.5.1/247
4004_D018 |Pin Control Register n (PORTE_PCR6) 32 R/W See section | 11.5.1/247
4004_D01C |Pin Control Register n (PORTE_PCR?7) 32 R/W See section | 11.5.1/247
4004_D020 |Pin Control Register n (PORTE_PCRS) 32 R/W See section | 11.5.1/247
4004_D024 |Pin Control Register n (PORTE_PCR9) 32 R/W See section | 11.5.1/247
4004_D028 |Pin Control Register n (PORTE_PCR10) 32 R/W See section | 11.5.1/247
4004_D02C |Pin Control Register n (PORTE_PCR11) 32 R/W See section | 11.5.1/247
4004_D030 |Pin Control Register n (PORTE_PCR12) 32 R/W See section | 11.5.1/247
4004_D034 |Pin Control Register n (PORTE_PCR13) 32 R/W See section | 11.5.1/247
4004_D038 |Pin Control Register n (PORTE_PCR14) 32 R/W See section | 11.5.1/247
4004_DO03C |Pin Control Register n (PORTE_PCR15) 32 R/W See section | 11.5.1/247
4004_D040 |Pin Control Register n (PORTE_PCR16) 32 R/W See section | 11.5.1/247
4004_D044 |Pin Control Register n (PORTE_PCR17) 32 R/W See section | 11.5.1/247
4004_D048 |Pin Control Register n (PORTE_PCR18) 32 R/W See section | 11.5.1/247
4004_D04C |Pin Control Register n (PORTE_PCR19) 32 R/W See section | 11.5.1/247
4004_D050 |Pin Control Register n (PORTE_PCR20) 32 R/W See section | 11.5.1/247
4004_D054 |Pin Control Register n (PORTE_PCR21) 32 R/W See section | 11.5.1/247
4004_D058 |Pin Control Register n (PORTE_PCR22) 32 R/W See section | 11.5.1/247
4004_DO05C |Pin Control Register n (PORTE_PCR23) 32 R/W See section | 11.5.1/247
4004_D060 |Pin Control Register n (PORTE_PCR24) 32 R/W See section | 11.5.1/247
4004_D064 |Pin Control Register n (PORTE_PCR25) 32 R/W See section | 11.5.1/247
4004_D068 |Pin Control Register n (PORTE_PCR26) 32 R/W See section | 11.5.1/247
4004_D06C |Pin Control Register n (PORTE_PCR27) 32 R/W See section | 11.5.1/247
4004_D070 |Pin Control Register n (PORTE_PCR28) 32 R/W See section | 11.5.1/247
4004_DO074 |Pin Control Register n (PORTE_PCR29) 32 R/W See section | 11.5.1/247
4004_D078 |Pin Control Register n (PORTE_PCR30) 32 R/W See section | 11.5.1/247
4004_D07C |Pin Control Register n (PORTE_PCR31) 32 R/W See section | 11.5.1/247
. . W 0_0000
4004_D080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always BOOOh 11.5.2/250
reads 0) -
Table continues on the next page...
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PORT memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
W 0_0000
4004_D084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always BOOOh 11.5.3/250
reads 0) -
. 0_0000
4004_DOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000h 11.5.4/251
11.5.1 Pin Control Register n (PORTx_PCRn)
NOTE
Refer to the Signal Multiplexing and Signal Descriptions
chapter for the reset value of this device.
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 | 6 5 4 2 1 0
R 0 0 0
LK MUX DSE | ODE | PFE SRE | PE PS
w
Reset 0 0 0 0 0 xX* x* X* 0 x* 0 x* 0 x* x* x*
* Notes:

¢ x = Undefined at reset.

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

Field

Description

23-20
Reserved

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

19-16
IRQC

Interrupt Configuration

The pin interrupt configuration is valid in all digital pin muxing modes. The corresponding pin is configured
to generate interrupt/DMA request as follows:

0000
0001
0010
0011
0100
1000
1001
1010
1011
1100
Others

Interrupt/DMA request disabled.
DMA request on rising edge.
DMA request on falling edge.
DMA request on either edge.
Reserved.

Interrupt when logic zero.
Interrupt on rising edge.
Interrupt on falling edge.
Interrupt on either edge.
Interrupt when logic one.
Reserved.

15
LK

Lock Register

0 Pin Control Register fields [15:0] are not locked.
1 Pin Control Register fields [15:0] are locked and cannot be updated until the next system reset.

14-11
Reserved

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

10-8
MUX

Pin Mux Control

Not all pins support all pin muxing slots. Unimplemented pin muxing slots are reserved and may result in
configuring the pin for a different pin muxing slot.

The corresponding pin is configured in the following pin muxing slot as follows:

000
001
010
011
100
101
110
111

Pin disabled (analog).
Alternative 1 (GPIO).
Alternative 2 (chip-specific).
Alternative 3 (chip-specific).
Alternative 4 (chip-specific).
Alternative 5 (chip-specific).
Alternative 6 (chip-specific).
Alternative 7 (chip-specific).

7
Reserved

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

6
DSE

Drive Strength Enable
This bit is read only for pins that do not support a configurable drive strength.

Drive strength configuration is valid in all digital pin muxing modes.

0 Low drive strength is configured on the corresponding pin, if pin is configured as a digital output.
1 High drive strength is configured on the corresponding pin, if pin is configured as a digital output.

ODE

Open Drain Enable

Table continues on the next page...
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Chapter 11 Port control and interrupts (PORT)
PORTx_PCRn field descriptions (continued)

Field Description

This bit is read only for pins that do not support a configurable open drain output.

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 . . . . . . . .

This bit is read only for pins that do not support a configurable passive input filter.

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. A low
pass filter of 10 MHz to 30 MHz bandwidth is enabled on the digital input path. Disable the passive
input filter when high speed interfaces of more than 2 MHz are supported on the pin.

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Slew Rate Enable
SRE o ] ]

This bit is read only for pins that do not support a configurable slew rate.

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

This bit is read only for pins that do not support a configurable pull resistor. Refer to the Chapter of Signal

Multiplexing and Signal Descriptions for the pins that support a configurable pull resistor.

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
PS S . : : I

This bit is read only for pins that do not support a configurable pull resistor direction.

Pull configuration is valid in all digital pin muxing modes.

0 Internal pulldown resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable
field is set.

1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable field
is set.
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11.5.2 Global Pin Control Low Register (PORTx_GPCLR)
Only 32-bit writes are supported to this register.

Address: Base address + 80h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

W GPWE GPWD
Reset0000000000000000|0000000000000000

PORTx_GPCLR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (15 through 0) bits [15:0] update with the value in GPWD. If a
selected Pin Control Register is locked then the write to that register is ignored.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

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
ResetOO00000000000000|0000000000000000

PORTx_GPCHR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (31 through 16) bits [15:0] update with the value in GPWD. If a
selected Pin Control Register is locked then the write to that register is ignored.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

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 one 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.

11.6 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 on selected pins
* Drive strength and slew rate configuration on selected pins
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* Open drain enable on selected pins
* Passive input filter enable on selected pins
* 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.

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, digital
output buffer enable, digital 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.

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 sixteen 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 zero.

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:

* Interrupt disabled, default out of reset
 Active high level sensitive interrupt
» Active low level sensitive interrupt
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* 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 output
of the pin. 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 O to the ISF flag in
the PORT_PCRn register.

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 wakeup
signal to exit the Low-Power mode.
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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.

PUBLICATION ERROR: In module memory map tables,
register reset values may be incorrect. See the individual
register diagrams for accurate reset information.

The System Integration Module (SIM) provides system control and chip configuration
registers.

12.1.1 Features
Features of the SIM include:

» System clocking configuration
» System clock divide values
 Architectural clock gating control
» USB clock selection and divide values
* SDHC clock source selection
* 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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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 W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.2.1/257
4004_7004 |SOPT1 Configuration Register (SIM_SOPT1CFG) 32 R/W oagggg 12.2.2/259
4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W 000100_0100h00 12.2.3/260
. . 0_0000
4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W 0000h 12.2.4/262
. . 0_0000
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W 0000h 12.2.5/265
. . 0_0000
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W 0000h 12.2.6/266
4004_8024 |System Device Identification Register (SIM_SDID) 32 R Undefined 12.2.7/268
4004_8028 |System Clock Gating Control Register 1 (SIM_SCGC1) 32 R/W 068882 12.2.8/270
. . 0_0000
4004_802C |System Clock Gating Control Register 2 (SIM_SCGC2) 32 R/W 0000h 12.2.9/271
. . 0_0000
4004_8030 |System Clock Gating Control Register 3 (SIM_SCGC3) 32 R/W 0000h 12.2.10/272
E010_0030
4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W _Eo010 12.2.11/273
_0030h
4004_8038 |System Clock Gating Control Register 5 (SIM_SCGC5) 32 RIW 0—0004108—21h824 12.2.12/276
. . 4000_0001
4004_803C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W 12.2.13/278
_4000_0001h
. . 0_0000
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W 0022h 12.2.14/280
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.2.15/281
Table continues on the next page...
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SIM memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
. . 0_0000
4004_8048 |System Clock Divider Register 2 (SIM_CLKDIV2) 32 R/W 0000h 12.2.16/283
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R See section | 12.2.17/284
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.2.18/286
4004_8054 |Unique Identification Register High (SIM_UIDH) 32 R See section | 12.2.19/287
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section | 12.2.20/288
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.2.21/288
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 12.2.22/289
12.2.1 System Options Register 1 (SIM_SOPT1)
NOTE
The SOPTT register is only reset on POR or LVD.
Address: 4004_7000h base + Oh offset = 4004_7000h
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R ~ 0 0
T | & | m
2|0 |6
c )] > OSC32KSEL
m [an] [an]
2133
wl 2
Reset  1* 0~ 0* 0~ 0* 0* (0 0~ (0 o* (0 0* (0 o* (0 0*
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R RAMSIZE

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

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

0 USB voltage regulator not in standby during Stop, VLPS, LLS and VLLS modes.
1 USB voltage regulator in standby during Stop, VLPS, LLS and VLLS modes.

29 USB voltage regulator in standby mode during VLPR and VLPW modes
USBVSTBY

Controls whether the USB voltage regulator is placed in standby mode during VLPR and VLPW modes.

0 USB voltage regulator not in standby during VLPR and VLPW modes.
1 USB voltage regulator in standby during VLPR and VLPW modes.

28-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 32K oscillator clock select
OSC32KSEL

Selects the 32 kHz clock source (ERCLK32K) for Segment LCD,TSl,and LPTMR. This bit is reset only for
POR/LVD.

00 System oscillator (OSC32KCLK)
01 Reserved
10 RTC 32.768kHz oscillator

11 LPO1kHz
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-12 RAM size

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

0000 Undefined
0001 8 KBytes
0010 Undefined
0011 16 KBytes
0100 Undefined
0101 32 KBytes
0110 Undefined
0111 64 KBytes
1000 Undefined
1001 128 KBytes
1010 Undefined
1011 Undefined
1100 Undefined
1101  Undefined

Table continues on the next page...
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SIM_SOPT1 field descriptions (continued)

Field Description

1110 Undefined
1111 Undefined

11-6 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
5-0 This field is reserved.

Reserved

12.2.2 SOPT1 Configuration Register (SIM_SOPT1CFQG)

NOTE
The SOPTI1CFG 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)
9] >
w D >
Reset 0 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0

SIM_SOPT1CFG field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 USB voltage regulator stop standby write enable
USSWE

Writing one to the USSWE bit allows the SOPT1 USBSSTBY bit to be written. This register bit clears after
a write to USBSSTBY.

0 SOPT1 USBSSTBY cannot be written.
1 SOPT1 USBSSTBY can be written.

25 USB voltage regulator VLP standby write enable
UVSWE

Writing one to the UVSWE bit allows the SOPT1 USBVSTBY bit to be written. This register bit clears after
a write to USBVSTBY.

Table continues on the next page...
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SIM_SOPT1CFG field descriptions (continued)

Field Description
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.

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 o 0 ]
o 4
SDHCSRC @ o

(2]
W -} j
o

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

-
N
n
S
©
(o)
B
(2]
(&)
IS
w
N
-
o

Bit 15 14 13

CLKOUTSEL

RTCCLKOUTS
EL

TRACECLKSE
L
PTD7PAD

-
o
o
o
o
o
o
o
o
o

Reset 0 0 0
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Chapter 12 System Integration Module (SIM)
SIM_SOPT2 field descriptions

Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-28 SDHC clock source select
SDHCSRC
Selects the clock source for the SDHC clock .
00 Core/system clock.
01 MCGPLLCLK/MCGFLLCLK clock
10 OSCERCLK clock
11 External bypass clock (SDHCO_CLKIN)
27-22 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 MCGPLLCLK/MCGFLLCLK clock divided by the USB fractional divider. See the
SIM_CLKDIV2[USBFRAC, USBDIV] descriptions.
17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 PLL/FLL clock select
PLLFLLSEL
Selects the MCGPLLCLK or MCGFLLCLK clock for various peripheral clocking options.
0 MCGFLLCLK clock
1 MCGPLLCLK clock
15-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 Debug trace clock select
TRACECLKSEL
Selects the core/system clock or MCG output clock (MCGOUTCLK) as the trace clock source.
0 MCGOUTCLK
1 Core/system clock
11 PTD7 pad drive strength
PTD7PAD
Controls the output drive strength of the PTD7 pin by selecting either one or two pads to drive it.
0 Single-pad drive strength for PTD7.
1 Double pad drive strength for PTD7.
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.
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SIM_SOPT2 field descriptions (continued)

Field Description
000 Reserved

001 Reserved

010 Flash clock

011 LPO clock (1 kHz)

100 MCGIRCLK

101 RTC 32.768kHz clock

110 OSCERCLKO

111 Reserved

4 RTC clock out select
RTCCLKOUTSEL

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

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

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
E 7| d | 0 0
R 0 = |9 0l g | o | @ 0 ) %) 0
2,18 AR 2 2
EO |E© O O O O O
o o Qq sy o Al —
w = = E E E = =
T |k L | L | & T T
Reset 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
o o [a\} — o
R 0 P 0 P 0 A R
— — — - —
L L L [T L
[aV] - o o o
= = = = =
w = = = = =
L L L [T L

o
o
o
o
o

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

SIM_SOPT4 field descriptions

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.
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Chapter 12 System Integration Module (SIM)

SIM_SOPT4 field descriptions (continued)

Field Description
0 PDB output trigger 1 drives FTMO hardware trigger 1
1 FTM2 channel match drives FTMO hardware trigger 1
28 FlexTimer 0 Hardware Trigger 0 Source Select
FTMOTRGOSRC
Selects the source of FTMO hardware trigger 0.
0 HSCMPO output drives FTMO hardware trigger 0
1 FTM1 channel match drives FTMO hardware trigger O
27 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
23-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21-20 FTM2 channel 0 input capture source select
FTM2CHOSRC
Selects the source for FTM2 channel 0 input capture.
NOTE: When the FTM is not in input capture mode, clear this field.
00 FTM2_CHO signal
01 CMPO output
10 CMP1 output
11 Reserved
19-18 FTM1 channel 0 input capture source select
FTM1CHOSRC

Selects the source for FTM1 channel 0 input capture.
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SIM_SOPT4 field descriptions (continued)

Field

Description

NOTE: When the FTM is not in input capture mode, clear this field.

00 FTM1_CHO signal

01 CMPO output

10 CMP1 output

11 USB start of frame pulse

17-9
Reserved

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

8
FTM2FLTO

FTM2 Fault 0 Select
Selects the source of FTM2 fault 0.

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate PORTX pin control register.

0 FTM2_FLTO pin
1 CMPO out

7-5
Reserved

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

4
FTM1FLTO

FTM1 Fault 0 Select

Selects the source of FTM1 fault 0.

NOTE: The pin source for fault 0 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

0 FTM1_FLTO pin
1 CMPO out

3
Reserved

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

2
FTMOFLT2

FTMO Fault 2 Select

Selects the source of FTMO fault 2.

NOTE: The pin source for fault 2 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

0 FTMO_FLT2 pin
1 CMP2 out

1
FTMOFLT1

FTMO Fault 1 Select

Selects the source of FTMO fault 1.

NOTE: The pin source for fault 1 must be configured for the FTM module fault function through the
appropriate pin control register in the port control module.

0 FTMO_FLT1 pin
1 CMP1 out

0
FTMOFLTO

FTMO Fault 0 Select

Selects the source of FTMO fault 0.
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Chapter 12 System Integration Module (SIM)

SIM_SOPT4 field descriptions (continued)

Field Description

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

12.2.5 System Options Register 5 (SIM_SOPT5)

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

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

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

R 0 UART1RXSR|UART1TXSR |[UARTORXSR| UARTOTXSR
C C C C

SIM_SOPTS5 field descriptions

Field Description
31-8 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
54 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 O 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
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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

o
o
o
o
o
o
o
o
o
o
o
o
o

Reset 0 0 0

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 Q 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.
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Chapter 12 System Integration Module (SIM)
SIM_SOPT7 field descriptions (continued)

Field Description
12 ADCH1 pre-trigger select
ADC1PRETRGSEL
Selects the ADC1 pre-trigger source when alternative triggers are enabled through ADC1ALTTRGEN.
0 Pre-trigger A selected for ADC1.
1 Pre-trigger B selected for ADC1.
11-8 ADCH1 trigger select
ADC1TRGSEL
Selects the ADC1 trigger source when alternative triggers are functional in stop and VLPS modes.
0000 PDB external trigger pin input (PDBO_EXTRG)
0001 High speed comparator 0 output
0010 High speed comparator 1 output
0011 High speed comparator 2 output
0100 PIT trigger 0
0101 PIT trigger 1
0110 PIT trigger 2
0111 PIT trigger 3
1000 FTMO trigger
1001 FTM1 trigger
1010 FTM2 trigger
1011  Unused
1100 RTC alarm
1101 RTC seconds
1110 Low-power timer trigger
1111 Unused
7 ADCO alternate trigger enable
ADCOALTTRGEN
Enable alternative conversion triggers for ADCO.
0 PDB trigger selected for ADCO.
1 Alternate trigger selected for ADCO.
6-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 ADCO pretrigger select
ADCOPRETRGSEL
Selects the ADCO pre-trigger source when alternative triggers are enabled through ADCOALTTRGEN.
0 Pre-trigger A
1 Pre-trigger B
3-0 ADCO trigger select
ADCOTRGSEL

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

High speed comparator 2 output

PIT trigger O

PIT trigger 1
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SIM_SOPT7 field descriptions (continued)

Field Description

0110 PIT trigger 2

0111  PIT trigger 3

1000 FTMO trigger

1001 FTM1 trigger

1010 FTM2 trigger

1011 Unused

1100 RTC alarm

1101 RTC seconds

1110 Low-power timer trigger
1111 Unused

12.2.7 System Device Identification Register (SIM_SDID)

Address: 4004_7000h base + 1024h offset = 4004_8024h

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

Reset  x* x* x* x* xX* x* X* X* X* x* x* x* x* x* x* x*

* Notes:
¢ x = Undefined at reset.

SIM_SDID field descriptions

Field Description
31-16 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.
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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
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Chapter 12 System Integration Module (SIM)

SIM_SDID field descriptions (continued)

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6—4 Kinetis family identification
FAMID

Specifies the Kinetis family of the device.
000 K10
001 K20
010 K30
011 K40
100 K60
101 Reserved
110 K50and K52
111 K51and K53

3-0 Pincount identification

PINID
Specifies the pincount of the device.
0000 Reserved
0001 Reserved
0010 Reserved
0011 Reserved
0100 Reserved
0101 Reserved
0110 80-pin
0111 81-pin
1000 100-pin
1001  121-pin
1010 144-pin
1011 Reserved
1100 Reserved
1101 Reserved
1110 Reserved
1111 Reserved
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12.2.8 System Clock Gating Control Register 1 (SIM_SCGC1)

Address: 4004_7000h base + 1028h offset = 4004_8028h

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

R 0 0 0 0 0

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

SIM_SCGCH1 field descriptions

Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 UART4 Clock Gate Control
UART4

This bit controls the clock gate to the UART4 module.
0 Clock disabled

1 Clock enabled

9-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

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

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

5-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.9 System Clock Gating Control Register 2 (SIM_SCGC2)

Address: 4004_7000h base + 102Ch offset = 4004_802Ch

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

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

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

SIM_SCGC2 field descriptions

Field Description
31-14 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 DACO Clock Gate Control
DACO

This bit controls the clock gate to the DACO module.

0 Clock disabled
1 Clock enabled

11-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.10 System Clock Gating Control Register 3 (SIM_SCGC3)

Address: 4004_7000h base + 1030h offset = 4004_8030h

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

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

o
o
o
o
o

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 Z 0 0
S
SPI2 Q
w Y
L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SCGCS3 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 Segment LCD Clock Gate Control
SLCD

This bit controls the clock gate to the Segment LCD module.

0 Clock disabled
1 Clock enabled

29-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 ADC1 Clock Gate Control
ADCH1

This bit controls the clock gate to the ADC1 module.

0 Clock disabled
1 Clock enabled

26 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 FTM2 Clock Gate Control
FTM2

This bit controls the clock gate to the FTM2 module.

0 Clock disabled
1 Clock enabled

23-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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SIM_SCGCS3 field descriptions (continued)

Field Description

17 SDHC Clock Gate Control
SDHC

This bit controls the clock gate to the SDHC module.

0 Clock disabled
1 Clock enabled

16-13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 SPI2 Clock Gate Control
SPI2

This bit controls the clock gate to the SPI2 module.

0 Clock disabled
1 Clock enabled

11-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 FlexCAN1 Clock Gate Control
FLEXCAN1

This bit controls the clock gate to the FlexCAN1 module.

0 Clock disabled
1 Clock enabled

3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

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

12.2.11 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
o 0
|_

VREF|CMP | Q
n
-]

Reset 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 A T R 0 1 0 0

E |k | & | & 12C1 | 12C0 CMT | EWM
< < < <<

w ) =) ) -]

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0
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SIM_SCGC4 field descriptions

Field Description
31-29 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
28 LLWU Clock Gate Control
LLWU
This bit controls software access to the LLWU module.
0 Access disabled
1 Access enabled
27-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 VREF Clock Gate Control
VREF
This bit controls the clock gate to the VREF module.
0 Clock disabled
1 Clock enabled
19 Comparator Clock Gate Control
CMP
This bit controls the clock gate to the comparator module.
0 Clock disabled
1 Clock enabled
18 USB Clock Gate Control
USBOTG
This bit controls the clock gate to the USB module.
0 Clock disabled
1 Clock enabled
17-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 UARTS3 Clock Gate Control
UART3
This bit controls the clock gate to the UART3 module.
0 Clock disabled
1 Clock enabled
12 UART2 Clock Gate Control
UART2
This bit controls the clock gate to the UART2 module.
0 Clock disabled
1 Clock enabled
11 UART1 Clock Gate Control
UART1
This bit controls the clock gate to the UART1 module.
0 Clock disabled
1 Clock enabled
10 UARTO Clock Gate Control
UARTO

This bit controls the clock gate to the UARTO module.
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Chapter 12 System Integration Module (SIM)

SIM_SCGC4 field descriptions (continued)

Field Description
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 I12C1 Clock Gate Control
12C1
This bit controls the clock gate to the | 2 C1 module.
0 Clock disabled
1 Clock enabled
6 I12C0 Clock Gate Control
12C0
This bit controls the clock gate to the | 2 CO module.
0 Clock disabled
1 Clock enabled
5-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 CMT Clock Gate Control
CMT
This bit controls the clock gate to the CMT module.
0 Clock disabled
1 Clock enabled
1 EWM Clock Gate Control
EWM
This bit controls the clock gate to the EWM module.
0 Clock disabled
1 Clock enabled
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.12 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

19 18 17 16

Reset 0 0

o
—_
o
o

Bit 15 14 13 12 11 10 9 8 | 7 6 3 2 1 0
R 0 wlalol|l ol < 1 0 0 1 o
[ = [ [ = =
oy o o o o ey =
o | o | o | o | o =
w o o o o o 5

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.
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Chapter 12 System Integration Module (SIM)

SIM_SCGCS5 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 TSI Clock Gate Control
TSI

This bit controls the clock gate to the TSI module.

0 Clock disabled
1 Clock enabled

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

LPTIMER

This bit controls software access to the Low Power Timer module.

0 Access disabled
1 Access enabled
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12.2.13 System Clock Gating Control Register 6 (SIM_SCGC6)

Address: 4004_7000h base + 103Ch offset = 4004_803Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 1 0 0 a 0 0
3 5 | 2 a
RTC a = = PIT | PDB | @ CRC
W < [T (T 0
D
Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0 0 = 0 x
< )
128 SPI1 | SPIO Q 2 |FTFRL
w u =
T [a)
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
SIM_SCGCE6 field descriptions
Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 This field is reserved.
Reserved This read-only field is reserved and always has the value 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25 FTM1 Clock Gate Control
FTMA1
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.
Table continues on the next page...
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Chapter 12 System Integration Module (SIM)

SIM_SCGCE6 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
23 PIT Clock Gate Control
PIT
This bit controls the clock gate to the PIT module.
0 Clock disabled
1 Clock enabled
22 PDB Clock Gate Control
PDB
This bit controls the clock gate to the PDB module.
0 Clock disabled
1 Clock enabled
21 USB DCD Clock Gate Control
USBDCD
This bit controls the clock gate to the USB DCD module.
0 Clock disabled
1 Clock enabled
20-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 CRC Clock Gate Control
CRC
This bit controls the clock gate to the CRC module.
0 Clock disabled
1 Clock enabled
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 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
Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description
11-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 FlexCANO Clock Gate Control
FLEXCANO

This bit controls the clock gate to the FlexCANO module.

0 Clock disabled
1 Clock enabled

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
FTFL
This bit controls the clock gate to the flash memory. Flash reads are still supported while the flash memory
is clock gated, but entry into low power modes is blocked.

0 Clock disabled
1 Clock enabled

12.2.14 System Clock Gating Control Register 7 (SIM_SCGC7)

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
31-3 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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Chapter 12 System Integration Module (SIM)

SIM_SCGC7 field descriptions (continued)

Field Description

2 MPU Clock Gate Control
MPU

This bit controls the clock gate to the MPU module.

0 Clock disabled
1 Clock enabled

1 DMA Clock Gate Control
DMA

This bit controls the clock gate to the DMA module.
0 Clock disabled

1 Clock enabled

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

12.2.15 System Clock Divider Register 1 (SIM_CLKDIV1)

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* O* O* O* O* O* 0* O* O* 0* O* 0* O*

OUTDIV1 OuTDIV2

OuUTDIV4

* Notes:
* Reset value loaded during Syetem Reset from FTFL_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. At the end of reset, it is loaded with either 0000
or 0111 depending on FTFL_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 Clock 2 output divider value
OUTDIV2

This field sets the divide value for the bus clock. At the end of reset, it is loaded with either 0000 or 0111
depending on FTFL_FOPT[LPBOOT].

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111 Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011  Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

23-20 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
19-16 Clock 4 output divider value

OuTDIV4

This field sets the divide value for the flash clock. At the end of reset, it is loaded with either 0001 or 1111
depending on FTFL_FOPT[LPBOOT].

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111  Divide-by-8.
1000 Divide-by-9.
1001  Divide-by-10.
1010 Divide-by-11.

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

Field Description
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.

12.2.16 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 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 %

USBDIV L
foa

0

)

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.
3-1 USB clock divider divisor

USBDIV

This field sets the divide value for the fractional clock divider when the MCGFLLCLK/MCGPLLCLK 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/
MCGPLLCLK clock is the USB clock source (SOPT2[USBSRC] = 1).

Divider output clock = Divider input clock x [ (USBFRAC+1) / (USBDIV+1) ]
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12.2.17 Flash Configuration Register 1 (SIM_FCFG1)

The EESIZE and DEPART filelds are not applicable.

Address: 4004_7000h base + 104Ch offset = 4004_804Ch

Bit 31 30 29 28 27 26 25 24 23 22 21

20

19

18

17

R NVMSIZE PFSIZE 0

EESIZE

Reset 1* 1* 1 1* 4= 1* 1 1~ | 0~ 0 0 0 1 At A 1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 DEPART

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

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

SIM_FCFG1 field descriptions

0*

O*

0*

N | e
o | £
% @)
< 3
— [T
[T

o 0

Field Description

31-28 FlexNVM size
NVMSIZE

reserved.

0000 0O KB of FlexNVM
0111 128 KB of FlexNVM, 32 KB protection region
1001 256 KB of FlexNVM, 32 KB protection region

This field specifies the amount of FlexNVM memory available on the device . Undefined values are

27-24 Program flash size
PFSIZE

Table continues on the next page...
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Chapter 12 System Integration Module (SIM)
SIM_FCFG1 field descriptions (continued)

Field

Description

This field specifies the amount of program flash memory available on the device . Undefined values are
reserved.

0111 128 KB of program flash, 4 KB protection region
1001 256 KB of program flash, 8 KB protection region
1011 512 KB of program flash, 16 KB protection region

23-20
Reserved

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

19-16
EESIZE

EEPROM size
EEPROM data size .

0000 Reserved
0001 Reserved
0010 4 KB
0011

0100 1 KB
0101 512 Bytes
0110 256 Bytes
0111 128 Bytes
1000 64 Bytes
1001 32 Bytes
1010-1110 Reserved
1111 0 Bytes

15-12
Reserved

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

11-8
DEPART

FlexNVM partition

Reserved

7-2
Reserved

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

1
FLASHDOZE

Flash Doze

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
FLASHDIS

Flash Disable

Flash accesses are disabled (and generate a bus error) and the Flash memory is placed in a low power
state. This bit should not be changed during VLP modes. Relocate the interrupt vectors out of Flash
memory before disabling the Flash.

0 Flash is enabled
1 Flash is disabled
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12.2.18 Flash Configuration Register 2 (SIM_FCFG2)

Address: 4004_7000h base + 1050h offset = 4004_8050h

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

MAXADDR1

MAXADDRO

ny)
SWAPPFLSH
PFLSH

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

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

Reset  0* 0* 0 0* 0 0~ (0 (0 (0 0* (0 0* (0 0* 0~ o*

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

SIM_FCFG2 field descriptions

Field Description

31 Swap program flash
SWAPPFLSH
Indicates that swap is active .

0 Swap is not active.
1 Swap is active.

30-24 Max address block 0
MAXADDRO

Table continues on the next page...
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Chapter 12 System Integration Module (SIM)
SIM_FCFG2 field descriptions (continued)

Field Description

This field concatenated with leading zeros indicates the first invalid address of flash block 0 (program flash
0).

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 Program flash
PFLSH

For devices without FlexNVM, this bit is always set.

0 Reserved for devices without FlexNVM
1 Physical flash block 1 is used as program flash

22-16 Max address block 1
MAXADDR1

This field concatenated with leading zeros plus the value of the MAXADDRT1 field indicates the first invalid
address of the second program flash block (flash block 1).

For example, if 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 and no

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

12.2.19 Unique Identification Register High (SIM_UIDH)

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

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R uiD

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

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

SIM_UIDH field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.
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12.2.20 Unique ldentification Register Mid-High (SIM_UIDMH)

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

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_UIDMH field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.2.21 Unique Identification Register Mid Low (SIM_UIDML)

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

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_UIDML field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.
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12.2.22 Unique ldentification Register Low (SIM_UIDL)

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

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

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

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

SIM_UIDL field descriptions

Field Description
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
Reset Control Module (RCM)

13.1 Introduction

This chapter 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.

13.2 Reset memory map and register descriptions

The Reset Control Module (RCM) registers provide reset status information and reset
filter control.

RCM memory map

Absolute i i
address Register name (i‘a’llgitt';) Access | Reset value Se(;t':n/

(hex) pag
4007_F000 |System Reset Status Register 0 (RCM_SRSO0) 8 R 8282h 13.2.1/291
4007_F001 |System Reset Status Register 1 (RCM_SRS1) 8 R 000h 13.2.2/293
4007_F004 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 000h 13.2.3/294
4007_F005 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 000h 13.2.4/295
4007_F007 |Mode Register (RCM_MR) 8 R 000h 13.2.5/297

13.2.1 System Reset Status Register 0 (RCM_SRSO0)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:
* POR (including LVD) — 0x82
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LVD (without POR) — 0x02
VLLS mode wakeup due to RESET pin assertion — 0x41
VLLS mode wakeup due to other wakeup sources — 0x01
Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + Oh offset = 4007_F000h

Bit 7 6 5 4 | 3 2 1 0
Read POR PIN WDOG 0 LOL LOC LVD WAKEUP
Write
Reset 1 0 0 0 0 0 1 0

RCM_SRSO field descriptions
Field Description
7 Power-On Reset
POR

Indicates a reset has been caused by the power-on detection logic. Because the internal supply voltage
was ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset
occurred while the internal supply was below the LVD threshold.

0 Reset not caused by POR
1 Reset caused by POR

6 External Reset Pin
PIN

Indicates a reset has been caused by an active-low level on the external RESET pin.

0 Reset not caused by external reset pin
1 Reset caused by external reset pin

5 Watchdog
WDOG

Indicates a reset has been caused by the watchdog timer 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.

Table continues on the next page...
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Chapter 13 Reset Control Module (RCM)
RCM_SRSO field descriptions (continued)

Field Description

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 the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset occurs. This bit is

also set by POR.

0 Reset not caused by LVD trip or POR
1 Reset caused by LVD trip or POR

0 Low Leakage Wakeup Reset

WAKEUP
Indicates a reset has been caused by an enabled LLWU module wakeup source while the chip was in a

low leakage mode. In LLS mode, the RESET pin is the only wakeup source that can cause this reset. Any
enabled wakeup source in a VLLSx mode causes a reset. This bit is cleared by any reset except
WAKEUP.

0 Reset not caused by LLWU module wakeup source
1 Reset caused by LLWU module wakeup source

13.2.2 System Reset Status Register 1 (RCM_SRS1)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:
POR (including LVD) — 0x00
LVD (without POR) — 0x00
VLLS mode wakeup — 0x00
Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + 1h offset = 4007_F001h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
RCM_SRSH1 field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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RCM_SRSH1 field descriptions (continued)

Field Description
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Stop Mode Acknowledge Error Reset
SACKERR

Indicates that after an attempt to enter Stop mode, a reset has been caused by a failure of one or more
peripherals to acknowledge within approximately one second to enter stop mode.

0 Reset not caused by peripheral failure to acknowledge attempt to enter stop mode
1 Reset caused by peripheral failure to acknowledge attempt to enter stop mode

4 EzPort Reset
EZPT

Indicates a reset has been caused by EzPort receiving the RESET command while the device is in EzPort
mode.

0 Reset not caused by EzPort receiving the RESET command while the device is in EzPort mode
1 Reset caused by EzPort receiving the RESET command while the device is in EzPort mode

3 MDM-AP System Reset Request
MDM_AP

Indicates a reset has been caused by the host debugger system setting of the System Reset Request bit
in the MDM-AP Control Register.

0 Reset not caused by host debugger system setting of the System Reset Request bit
1 Reset caused by host debugger system setting of the System Reset Request bit

2 Software

Indicates a reset has been caused by software setting of SYSRESETREQ bit in Application Interrupt and
Reset Control Register in the ARM core.

0 Reset not caused by software setting of SYSRESETREQ bit
1 Reset caused by software setting of SYSRESETREQ bit

1 Core Lockup
LOCKUP

Indicates a reset has been caused by the ARM core indication of a LOCKUP event.

0 Reset not caused by core LOCKUP event
1 Reset caused by core LOCKUP event

0 JTAG Generated Reset
JTAG

Indicates a reset has been caused by JTAG selection of certain IR codes: EZPORT, EXTEST, HIGHZ,
and CLAMP.

0 Reset not caused by JTAG
1 Reset caused by JTAG

13.2.3 Reset Pin Filter Control register (RCM_RPFC)

NOTE
The reset values of bits 2-0 are for Chip POR only. They are
unaffected by other reset types.
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Chapter 13 Reset Control Module (RCM)
NOTE
The bus clock filter is reset when disabled or when entering
stop mode. The LPO filter is reset when disabled or when
entering any low leakage stop mode .

Address: 4007_F000h base + 4h offset = 4007_F004h

Bit 7 6 5 4 | 3 2 1 0
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 .

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

13.2.4 Reset Pin Filter Width register (RCM_RPFW)

NOTE
The reset values of the bits in the RSTFLTSEL field are for
Chip POR only. They are unaffected by other reset types.

Address: 4007_F000h base + 5h offset = 4007_F005h

Bit 7 6 5 4 | 3 2 1 0
Read 0 RSTFLTSEL
Write
Reset 0 0 0 o | o 0 0 0
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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 filte