KL17 Sub-Family Reference Manual

Supports: MKL17Z32VFM4, MKL17Z264VFM4, MKL17Z32VLH4,
MKL17Z264VLH4, MKL17Z32VDA4, MKL17Z64VDAA4,
MKL17Z32VFT4, MKL17Z264VFT4, MKL17Z32VMP4,

MKL17Z264VMP4

Document Number: KL17P64M48SF2RM
Rev. 4.1, 07/2016

h
V"



KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors



Contents
Section number Title Page
Chapter 1
About This Document
1.1 O VEIVIBW ...ttt ettt et e et e et eateete e tesae et e ea e e bt es e em bt es e e bt em e et e em e e bt em e e ee e emeeeeeemteeeeem bt se e e bt emee bt este bt en b e bt ente et e eneeeneeneeneee 35
1.1.1 PUIPOSE. ...ttt ettt et b et e bttt e bttt e bt ettt sae et sbe et nae s 35
L1200 AUAIEIICR. ..ottt et et st st b e et h et b et e at et et e bt e a e heeanenheens 35
1.2 COMVEITIONS. 1.ttt eite et ettt et et ettt et e et e s bt e aeesbeea s e e bt ea e e e b e em b e es e em et eseem bt em e e et emeeeaeeateeaeemsesbeemseeseenbeeseenbeeseenseeneenseenes 35
1.2.1 INUIMDEIING SYSTEIIIS ...ttt ettt ettt ettt ettt e bt et e e s bt et s bt eabesb e esbeeb e et e ebe et e ebt e bt emeesbeemtenbeeneenaeas 35
1.2.2 TypOZraphiC NOTALION. ....couviitiiriteeiie ittt ettt ettt e bt e sttt e bt e sate e bt e sabesa bt e sabeeabeesbbeenbeenaeesbeesssesaseas 36
1.2.3  SPECIAL LEITIIS. ...ttt ettt ettt ettt ettt et e b et e eb et e es e e bt em e et e emeeeseeneesae e bt esee bt emeabeentenbeentenneaneene 36
Chapter 2
Introduction
2.1 O VEIVIBW ...ttt ettt et e et e et eateeue e tesae e et e a e e beea e e bt es e e bt eete bt em e et e em e e ee e emeeeeeemteeeeem bt eae e bt emee b e este bt ente bt enteeseeneeeneenseseee 37
2.1.1 SUb-Family INTTOAUCTION. ..ottt ettt ettt eb ettt e sbe et sbe et sbeesbesbeenneas 37
2.2 Module fUNCHONAL CALEZOTIES. .....veruveeiieeteeitieiteeet ettt ete et e et e bt e st e e sttesabeesateeabe e bteeabeenbeesabeenbtesabeesbbesaseenbaesnseeseean 38
2.2.1 ARM CorteX-MO+ COTE MOTULES. ......euieiiiiieitieieiteeieet ettt ettt ettt et sbe et st e b e eaeebe e st esbeeneesaeeneeses 38
2.2.2  SYSEIM MOAUIES....c..eouiiiiiiieiititeeit ettt ettt sttt b et b et b e et e bt et e bt e bt e bt e sbeeatesbe et sbeebenbeen 39
223 Memories and MEMOTY TNLETEACES. ......eevuueiitieriieiieeitt ettt ettt et st e st e st esbaeeabeebeesabeenee s 40
2.2 CLOCKS. cnttttete ettt h et h et bt et e bt et e e bt ea bt eh e et e eh e e bt eneeeheeateeheenteeheebeeneenbennnens 40
2.2.5  Security and int@@Iity MOAUIES.......cc.eevuiiiiriiiiieiteeet ettt ettt ettt ettt et be et ebee e 41
2.2.6  ANALOZ MOAULLS. ....eeiuiiiiie ittt ettt et s bttt e bt b e s at e s bt e e a bt et e e s at e e bt e bt e e bt e enbeebe e st e ebeenas 41
2277 TIMEE MOMUICS. ....ceeeuiiitieieeieete ettt ettt ettt ettt e bt et e bt e st e bt e st e et e eateeseemteesee bt eatesbeemeesbeensenbeennenneans 41
2.2.8  ComMMUNICAION INTETTACES. .. ccuveruiiutieiiitieiteteeit ettt ettt ettt ettt et sbe et saeenaesbtesbeeabesbeeanenbeenn 42
2.2.9  Human-maching INterfaCes..........ccceoiiriiiiiiiiiiiiieieieete ettt sttt et 42
2.3 Module tO MOAUIE INEEICONMECES. ... .cutieueetieiterteeieettete et ete st et et e bt ese et e eseeeteeneeeuee bt eseenbeeseesbeessebeensenbeenseeseenseeseeeeenee 43
2.3.1 INEEICONNECTION OVEIVIEW.....iuiiuiiiiiiiieitinieete sttt ettt ettt ettt et sh et sttt eat e s bt sa b e s bt eeb e s bt esbesbe et e sbeeneeenee 43
2.3.2  ANAlOZ TETEIENCE OPLIONS. ....eeeruiietieeiiieiie ettt ettt ettt ettt et et ea e s ht e et esateeabeesatesabeesabeenbeesabeenseenasean 45
Chapter 3

Core Overview

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 3




Section number Title Page
3.1 ARM CorteX-MO+ COTE INTOAUCTION. ...cc.eirtiitiriiiteeiteteeitet ettt ettt sttt sttt b ettt et s bt eatesbee bt sbeesaeestesbeensenbeas 47
3.1.1 Buses, INterconnects, and INTEITACES. .....uuuuueriiiiiiiiiieeee et e et e e e e eeeeeeeeeeesessssesssssassasseeeeeeees 47
312 SYSEEIM HICK TIMICT.ceueetieiieitiete ettt ettt et s b et st e bt s bt et e e st et e es e bt es e e ebeeaeesbeeneeseeeneesaeensesnean 47
313 DEDUZ FACTIEICS. c.eeveentieiieieiit ettt ettt ettt b et bttt e b et e it saeeste bt et sbe e b e sieens 47
3,14 COTe PIIVIIEZE LEVEIS. ...ueiiiiiiiieiie ettt ettt ettt et e st et e s bt e e bt e satesbeeeaeeeabes 48
3.2 Nested vectored interrupt cONtroller (INVIC) .......oouiiiiiiiiiiee ettt ettt 48
3.2.1 INEEITUPL PIIOTILY IEVEIS. ....ioiiiiiiiiiiiiierite ettt st ettt sttt ettt et e e 48
3.2.2  INON-MASKADIE TMEETTUPL...c.eeeiiieiieriie ettt ettt ettt et ettt st e bt e st esaee et esbbe e st e eabeesabeeseesabeebeesaseenbeesaneennes 48
3.2.3  Interrupt channel aSSIZNMENES. .......ccuiitieiirtieieeti ettt ettt ettt e b st e st e e st e bt e st e sbeeneesaeeneesaeeneesaeenseenean 48
3.3 AWIC INITOAUCTION. ...ttt ittt ettt ettt ettt s b et s be e bt s bt e bt e bt e bt e bt e bt eb b e bt eat e bt es b e sbeentesaeentesbeenaenaeen 51
3.3.1 WAKE-UP SOUICES. ...entieiieeitie ittt sttt ettt ettt et e s et e bt e e ab e e bt e eab e eabeesab e e bt e sateesbbeeabeebeeeabeebeesnbeenaeenane 51
Chapter 4
Memory Map
41 INEEOAUCTION. ...ttt et ettt ettt e e et e e e bt eae e s et esaesat e st sae e b e s b s e bt e s et e e s e bt ennesae e eae 53
4.2 SYSLEIMN MEINOTY TP .. eeuttetteeuteetteriteertteateestteauteesteeeseesseesateesseesateess st easeesbeeeaseenbeeeabeeeateeaneesbbeebeenbteebeesubeeabeesnsenneens 53
4.3 Bit Manipulation ENZINE.......cceooiiiiiiiiiiiiiiiieite sttt ettt ettt sttt sttt st b et sb ettt sb e 54
4.4 Peripheral bridge (AIPS-Lit€) MEMOTY MAP.....ccutirtierierriiertteriteeteertte et esbeeebeesttesbeesutesaseesbeesseesbtesbeesseesbeesssessseees 54
4.4.1  Peripheral bridge (AIPS-Lite) MEMOIY MAP......cceeririeriiiiietieiierteeteeteete ettt ete st esteseeebesseesbeeseesbeeneeseeans 55
4.5 IIEEITUPES .ottt ettt ettt s h et s bttt s bttt e bt e bt et b e bt eat e bt e bt e e bt en et s bt et e bt et e eh b e bt ebs e bt et b e bt e st e nhe et eeae 59
4.5.1 TNEETTUPL PIIOTILY LEVEIS...ceiiiieiieiii ettt st ettt e st e bt e bt e bt e sabesabeesabesabee e 59
4.5.2  NON-maskable INIETTUPL......c..ccueiiiiiiiriirtietere sttt ettt ettt et sttt s sa et et e et et eseebe bt saeebe b e 59
453  Interrupt channel aSSIZNIMENTS. ......coueetiriiriirieiirieete ettt ettt ettt et sbeeste bt esaesbtenaesbsenbesenenbeesnenieens 59
4.0 SRADM SIZES..uuiiuieniiiiiiiieieeieete ettt ettt ettt ettt et b et h e h et he et ea et eat e bt e et h e e h e e h e e bt ettt et eaeeaeeae 61
I N1 1 5 111S5 10 o)y 2O OO 62
4.8 SYSteM REZISTET TI18....cuueiuiiiiiiiiiiiiieiiet ettt ettt ea et e e s b et s be e bt sbe e s bt et b e et b et be e 62
Chapter 5
Clock Distribution
5.1 TIETOAUCTION. ...ttt ettt ea e bttt e bt et s bt et s bt et s bt e s bt e bt e bt ee b e bt ess e bt esbesbeenteebeeneennee 63
5.2 Programming MOGEL.........coc.eiiiiiiiiiiiiiteiit ettt ettt ettt e b e st e et esab e e bt e s hb e e bt e s h b e e bt e eab e e bt e sab e e bt e sabeenbeesaneeabes 63

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors



Section number Title Page
5.3  High-level device CloCKing dIaGIamM......c..coouiriiriiriiniiriiieeteie ettt ettt ettt s bbbttt sbee et ebeenaeeaees 63
5.4 CloCK defINITIONS. ...cviiiiiiiiiiiiieicicc e st 64
5.4.1  DeViCe ClOCK SUMIMATY.....cuiitiitiitietietietiete et ettt ettt ettt et e e sb et e et e et e es e e bt esee bt eneesaeeseeseeeneesbeensensean 65
5.5  Internal ClOCKING FEQUITEIMEIIES. ......eiutiutiriieitirtieteettete ettt ettt ettt sb et s bt et s bt et e s bt et e sbe et e ebe et ebee bt sbtesaeemeenbeennenbeas 67
5.5.1 Clock divider values after TESEL.........ccociiiiiiiiiiiiiiiiiciie e 68
5.5.2  VLPR MO CIOCKING. ...cutttieitiitietietieteeieste ettt ettt sttt st sa ettt et e st et e e st e bt eneesaeeneeseeeneesaeensennean 68
5.0 CLOCK GALNG. . .eetiiitiiiiiieitete ettt ettt ettt et e h et e bttt e b et e e bt s bt e st e sb e eat e e bt eab e e bt es bt bt et eb e et bt et eatenbeeatenaee 68
5.7 MOUIE CIOCKS. ...ttt e 69
571 PMC 1-KHZ LPO CLOCK. ...ttt ettt ettt 70
5.7.2 COP CLOCKING. ...ttiutiiteieiieete ettt ettt ettt st ae et ae et e b e ea e bt e et s bt ea e e bt et ebe e bt saeenaesmeenaes 70
573 RTC CIOCKINE. ..ttt ettt ettt sttt s et e b b e e ab e e bt e e st e et e e s et e e bt e sab e e bt esase e beesnbeenbees 70
5774  RTC_CLKOUT and CLKOUT32K ClOCKING.....ccvetrtiiriiieiinieiirieiirieitniei ettt ettt 71
5.7.5  LPTMR CLOCKING. ....citiiiiiiiiiiitietet ettt ettt ettt et sa e et sbeestesbeeaesbeebesanens 72
S5.7.6  TPM CLOCKINE. c..eeitiiiiieiiteeieeee ettt et h e st b e st e bt e e a bt e bt e e st e e bt e sabeeabeesabeenbeesaeeenbeesnneeanes 73
5777 LPUART CLOCKINE. ...ttt ettt et b ettt et e e st et eae e bt emeesbeemtesbeensesbeennenneans 73
5.7.8  FIEXIO CIOCKING. c..cvtiniiiiiiiieiteittet ettt ettt et h et b et e bt et e bt e bt eatesbeeatesbeesaesbeennesanens 74
Chapter 6
Reset and Boot
6.1 INEEOAUCTION. ...ttt et e eb b st a e et e et ea et ea e b e e b sa et e b snens 75
0.2 RESCL..uiiiiiiii i bbbt 75
6.2.1 POWET-0N TESEL (POR)......oiiiiiiieeie ettt e e e et e et e e e eae e e eeaeeeeeaaeeeeateeeeseeeeeseeeanns 76
0.2.2  SYSLEIN TESCT SOUICTES.....veeureureutertreatietteteettettettesteestesbeestesbeestesbteseest e bt es b e bt estesbeemtesbeentesbtenbeestenbeensenbeeanenbeens 76
6.2.3 MU FESEIS. ...ttt e b e s et b e e et sa e ea e 79
0.2.4  RESET PIIN c.ttitiiitiiteiite ettt h et h e bbbt b et b et bt ettt eb et bbb e b ns 80
0.3 BOOT.eiiiiiii e e b a bbb sh et ettt e a bbb 80
6.3.1 BOOt SOUITES. .....cuiiiiiiiitiiic ettt 81
0.3.2  FOPT DOOt OPTIOMS. ....ceutittitietietteite et et et e et te e st e be e et e bt este bt eate et e enteeseenteeseenbeeaeenbeemtesbeemseabeentenseensesneenseane 81
0.3.3  BOOE SEQUEIICE. ..c..ventieitiiieiiieitete ettt sttt sttt ettt ettt b e bt e st eb e et s bt et sh e e bt eb s e bt e et bt e et bt et ebe et eaeenaeeaees 83
Chapter 7

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 5




Section number Title Page

Power Management

7% S (Vi 0T 1111 5 (o) 3 OO OO SORRPPTO 87
7.2 ClOCKING MOAES. ....cutiiiiniinieeieittete ettt ettt ettt ettt ettt et sa e et sb e e st s bt et e bt et e s bt et e eb e et e ebt e bt ebtenbeemtesaeentesbeenaenueen 87
7.2.1 PaTTIAL SEOP. ettt ettt et ht e et e s bt e bt e a e e bt e at e e bt e s ab e e bt e nh bt e bt e eab e e b e e sabeebee s 87
T.2.2 DIMA WAKEUP. ... eeueetieitiet ettt ettt ettt ettt et e bt e s et eae et e st e eaeen e e eae e bt saeebe e st e bt este bt ente bt enbeebeentene 88
7.2.3  COMPULE OPCIATION. c..cutittiiiitietiettente ettt ettt et sbe et st e b e ettt eat e bt eateebees et sbeenbesbeete s bt esbeebsenbeeabe bt enbesbeennenne 89
T.2.4  PerIPRETAl DIOZE.....ccueiiiiiiiiiiiieeit et ettt ettt et s e et sa e e bt e at e e bt e st e e bt st e saeesanes 90
72,5 CIOCK ZALNG. ...ttt b e bt s a e bbb sttt ettt ettt eae e 91
T3 POWET INOAES. ...ttt et et e a e b b s a e st b ettt ettt ettt e h e s a b e eae 91
7.4 Entering and eXiting POWET IMOAES. .....ccc.vtrtieriertieriteeitestteerttesiteeteesateeteesateesbee sttt ebeesabeesbeesabeenseessseenseesaseebeesnseeseens 93
7.5  Module operation in JOW-POWET MOGAES.........cceiriiiririinieriinietetet ettt ettt ettt ettt sa et s ee e s et et eneebeeaesaeas 94
Chapter 8
Security
T8 R 0315 (o 16 11 (e o) | OO OO OSSO UTU RPN 99
8.1.1 FIASH SECUTTEY ... ettt ettt ettt ettt et s b et s bt et sb e et s bt et e ebe et e ebe e bt entenaeene 99
8.1.2  Security interactions with other MOAUIES..........cccuiiiiiiiiiiiiiiiii et 99
Chapter 9
Debug
0.1 INETOQUCTION. ...ttt st ea e a e b s ea e 101
9.2 Debug port PIN AESCIIPLIONS. c..c..iviteteteteteteitet ettt ettt ettt ettt ettt ettt e s et et eb e bt eaeebeebe s bt sae et e nesae s et esneneennene 101
9.3 SWD status and CONLIOL TEZISIEIS. ... .evueeutiriieiiriieieittente ettt ettt ettt ettt et ebte bt sbee bt ebtesbeeatesbeessesbeeasenbeesnesbeentenne 102
9.3.1 MDM-AP CONLTOI REZISTET......eeutiiiieiiieiieeiie ettt ettt sttt sttt e st e b e sateebeesabe s bt e sabeenbeesaeeebeesaeeeanis 103
0.3.2  MDM-AP Stattis REZISTET ... ccueiuiiiiiiiiiiiiiitiitieteste sttt ettt st ettt se et eae e 104
0.4 DEDUGZ IESLLS. .ttt ettt sttt et b ettt et b e st s bt et s bt e bt e bt e bt bt bt e hb bt e et bt e a e eh e et e bt et ebee bt eatenaeente b s 106
9.5 Micro Trace BUTTEr (IMTB) ...ttt e e e e e e ettt e e e e et e e e e e eeataaeeeeeetraeeeeeentareeeeeennes 106
9.6 Debug in IOW-POWET INOUES.......cviiiiiiiieieieiieteit ettt sttt et et ettt eb e e bttt be ettt a e e e e e e e ean et eneeneenes 107
0.7 DEDUZ AN SECUTILY ...eeuveuiiiieiieitieiterie ettt ettt ettt ettt ettt b et s bt eat e s bt e st e bt e st e e bt e st e sb e et e ebe e bt ebee bt emtesaeeneenbeennenueas 108
Chapter 10

Pinouts and Packaging

|02 B 1 15'qo Y6 18 o1 5 o) s DO U PR RRRURUPRRRRRRNt 109

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

6 NXP Semiconductors




Section number Title Page
10.2  Signal mMultipleXing INTEZIATION. c..c...ertirtirtieiieteeteettet ettt ettt ettt et ettt et bt et e ebtesaeebeesbeestesbeembesbeesbesbeennesbaenneane 109
TO.2.1  CIOCK ZALINE. . .teeuiieitieiieeie ettt ettt ettt ettt et e s ab e e bt e s h bt e bt e sabe e beeeabeea bt e sabeenbeesabeenbeenaeeeabeenssesaseas 110
10.2.2  Signal MultipleXing CONSLIAINES. ......eeuertteiertieieiteeteet et ette et te sttt e bt et e steeteseeeaesseenbeeseenbeeseenbeeseenseeneeneeenes 110
10.3 KL17 Signal Multiplexing and Pin ASSIZNIMENTS.......cccuevutiiiiriiiiriiiiniene ettt ettt ettt st saeenaeeaees 110
104 KL17 FAMILY PINOULS. ...c..tiitiiiiiiiiiiteiteest ettt sttt sttt e e e bt e st e e bt e s abe e bt e sabeeabaeeabeeabeesabeebeesaneenseenanes 113
10.5 Module Signal Description TabIEs........c.eeouiiieiiiieie ettt ettt st et bt e e s a e b ebe et e eae et e eseenbeeneenseenes 117
JO.5.1  COTE MOAUILS. ...ttt ettt ettt sttt besb bt ee b e bt e et e bt et ebe e et e bt enbeestesbeesbenbeennenbeens 117
10.5.2  SYSEIM MOAUIES. ....eeeueieiiieiitieite ettt et ettt e st e et e e bt e e bt e bt e s bt e sabeeabeesabeenbeesaaeebeesabeeabeesaseebeenas 117
10.5.3  ClOCK MOAUIES.......ouieiieiieitee ettt ettt et b et e b et e b et e e st e bt eaeesbeemeesaeeneesaeenaesneennesneans 118
10.5.4 Memories and MEMOTY INTETTACES. .....c.eeutertiriiriiiiereetercet ettt ettt ettt et sae et s naees 118
LO.5.5  ANALOZ .. ettt ettt ettt et e ht e et h et bt e bt e b e e e a b e e bt e shb e e bt e ehb e e bt e shbeeabeesnbeebeens 118
10.5.6  TIMEE MOUIES. ....cueiiieii ettt sttt a ettt et e b et e e et e bt ea e eb e eaeeeaeentesaee bt eneenbeeneennean 119
10.5.7  CommUNICAION INEETTACES. ...ceuveruieitiriieieeiieteeite ettt sttt ettt ettt ettt et ebe e et e bt e bt eaeesbeessesbeennenbeens 120
10.5.8 Human-machine interfaces (HIMI)...........coooiriiiiiiiiiiiii ettt e e et eeeareae e 121
Chapter 11
Port Control and Interrupts (PORT)
11.1  Chip-specific PORT INTOIMAtION. ..c..ciitiiiiieiitiitieeie ettt ettt ettt et e sttt e s it e bt e sabe e bt e sabe e bt e saneebeenaees 123
11.2 Port control and iNterTUPt SUIMIMATY ......cc.eerueruteruerieerteeetenteeutenteeteeteenteeseeteeseesaeaseesseensesseansesseensesseanseeseenseeneensesneesseenees 124
L1.3 THEFOQUCTION. ...ttt ettt ettt et b et s b et s bt et b et eb et eb e et e bt e sb e eatesbeemtesbe e aesbeenbesbnebeeusentenn 125
L1i4  OVEIVIBW.cutiiiiiiiiieieeitett ettt ettt ettt ettt et a et s a e a e s et e bt s et e st e ase b e eas e bt easeebeess e eue et e eaeeaeeanenneennenueen 125
D14 T FRALUIES. ...ttt ettt ettt ettt ettt et e e a et e e s et e e et e e bt emee e bt emeesb e e b e eheembeebeem b e ene et e eseenaeeneeebeeneesaeennes 125
11,42 MOAES Of OPEIATION. c..ceteiuiiiiiiiiitieteett ettt ettt ettt et st e e sttt sb b eb b e bt e bt e s bt eat e ebee et ebtenbesseenbeessenbeeanenbeens 126
11.5  EXternal SiZNal deSCIIPLION. .....tiitiiriiietieeteetie ettt sttt ettt e bt e bttt e bt e st e e st e eabe e bt e eabe e bt e sabeesatesabeesbbesabeenbbeenseenseens 127
11.6  Detailed SIZNAl AESCIIPIION. ...c..ieutirtietieiiete ettt ettt ettt e ettt et e bt es e bt es e ebeeaeesb e e et eseesbeeseebeemee bt enseebeanbeeseenteeseenseenee 127
11.7  Memory map and re@ister defINItION. ......c..cecuiriiiiiiiiriiiie ettt sttt ettt ettt ebee e ene 127
11.7.1  Pin Control Register n (PORTX_PCRI)......ccoiiiiiiiiiiiiiiie ettt sttt 133
11.7.2  Global Pin Control Low Register (PORTX_GPCLR).........ccccoiiiiiiieiiiieeciee et 136
11.7.3  Global Pin Control High Register (PORTX_GPCHR).........cccccooiiiiriiniiiiiiiieiieeeeseecetee e 136
11.7.4  Interrupt Status Flag Register (PORTX_ISFR)......c.cooiiiiiiiiiiiiiiiecee ettt st 137

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 7




Section number Title Page

11.8  FUNCIONAL AESCIIPLION. ..c..eiutitieiiietiiteittete ettt ettt ettt et b e et b et s bt et sbe et e eb e et e et e et e bt e bt eatesaeeneesbeenaesbeen 137
T1.8.1  Pin COMMIOL ittt s 137
11.8.2  GILODAL PIN COMIIOL ...ttt ettt ettt ettt e bt st e bt e et e bt ee et e e st e e bt enteeaee et eatenbeeneesbeensesbeensennnans 138
11.8.3  EXIEINAL INEEITUPLS. c..eettiuiiiiiiieittetertt ettt ettt ettt ettt ettt b et e e bt et bt et ebe et e eb e et ebeesbeestesbeenaesbeennenaeen 138

Chapter 12
System Integration Module (SIM)

12.1  Chip-specific SIIM INOIMAION. ......ccuiitiriiriiieetirteete ettt ettt ettt ettt et e st sbe e st sbe et e sbeeaesbeenbesbeenneas 141
I2.1.1  COP CLOCKS. ...ttt sttt ettt ettt s e b se e e et sae e aeaeeaeneas 141

L Vi (o1 1117 510 ) 3 OO PRSPPSO 141
T2.2.1 FRALUIES ...ttt ettt e eb e b bt b e bbbttt ettt eae e 141

12.3  Memory map and re@iSter efINItION. ... eccuetitiiriieriterite ettt ettt et ettt e bt e st e e sabesabeesbbeebeesateenbeesanesanes 142
12.3.1  System Options Register 1 (SIM_SOPT 1) ....cccuiiiiiiiieieiiee ettt ettt 143
12.3.2  System Options Register 2 (SIM_SOPT2).....c..ooiiiiriiriiieneiteneeeeet ettt ettt ettt 144
12.3.3  System Options Register 4 (SIM_SOPTA).....couiiiiiieteeeeee ettt ettt 146
12.3.4  System Options Register 5 (SIM_SOPTS).....c.uoiiiiiiei ettt sttt 147
12.3.5 System Options Register 7 (SIM_SOPT7)....cccuoriiiiriiiiiieneiteneeteseet ettt ettt st 149
12.3.6  System Device Identification Register (SIM_SDID)........ccoctiriiiiiiiienieiiieeieeiee ettt 150
12.3.7  System Clock Gating Control Register 4 (SIM_SCGC4A)......ccueiiriiiieiirieee ettt 151
12.3.8  System Clock Gating Control Register 5 (SIM_SCGCS)...c..couiriiriiriiiinieienieeieneeeetee et 153
12.3.9  System Clock Gating Control Register 6 (SIM_SCGCO).........eevieriiinieniiiiiieeieeite ettt 155
12.3.10 System Clock Gating Control Register 7 (SIM_SCGCT)...ccueeieiiriiiieierieee sttt 157
12.3.11 System Clock Divider Register 1 (SIM_CLKDIV1)....ccccoociiiiniiniiiiiieiiiienteteteeieetesieeee et 157
12.3.12 Flash Configuration Register 1 (SIM_FCEGI)......ccccooiiiiiiiiiiiiieeeee ettt 159
12.3.13 Flash Configuration Register 2 (SIM_FCEFG2).......cc.cooiiiiiiiieieet et 161
12.3.14 Unique Identification Register Mid-High (SIM_UIDMH).........ccccceciiiininininiiniiiiiiiiiciceceecec e 162
12.3.15 Unique Identification Register Mid Low (SIM_UIDML).......cccccoiiiiimiiiiiiiiiiinienieereeeenee et 162
12.3.16 Unique Identification Register Low (SIIM_UIDL).......ccccooiiiiiiiiiiieieeieteesee ettt 163
12.3.17 COP Control Register (SIM_COPC).....c..cccuiriiiiiiiiiteieetett ettt ettt ettt st sae st 163
12.3.18 Service COP (SIM_SRVCOP)......ccociriiiiiiiirieieieie ettt 165

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
8 NXP Semiconductors



Section number Title Page
12,4 FUNCIONAL AESCIIPLION. ..c..eiutiitiiiieiiite ittt ettt et b e e st s bt et bt et s bt et eb e et e et e et e ebtesbeeatesbeentesbeenaesbeen 165
12.4.1  COP WatChAOZ OPETALION. .....eeutieiieitieriteette sttt ettt et stte et e e st e eabee s bt e e bt esbeeeabeebtesabeesstesaseesbaesaseebeesaseenseenas 165
Chapter 13
Kinetis ROM Bootloader
13.1  Chip-Specific INFOTMAION. .......eiiuiiiiiiiieiie ettt ettt st et esat e e bt e e at e e bt e st e eabeesabe e bt e saneebeesaeeenbes 169
13.2  TIEEOQUCTION. ¢ttt ettt ettt ettt h et ea et es et e ea e e eh e eae e ee e e bt e et e bt ea e e bt em e e b e em s e eb e embeebeemeeeseenbeemeenbeemeenbeeneennean 169
13.3  FUNCHONAL DESCIIPIION. c..cutiiiiiiiiieitenit ettt ettt sttt ettt ettt et eb et e bt e sbeeatesbeestesbeemaesbeenbesbsebesbnenbeenn 171
13.301  MEIMOTY IMAPS...ceitiiniieiiieeiie ettt ettt ettt b e st e et e st e bt e eat e e b b e e st e e bt e sab e e st e sa bt e sbbeeabeenbbeenbeenbaesnbeenaeenane 171
13.3.2  The Kinetis Bootloader Configuration Area (BCA)........ccoiiiiiiiiiieieiee et 172
13.3.3  SHAIT-UDP PrOCESS. .ttt ettt ettt ettt b et b et bt e sbeeat e s bt et sbe et sbeenaesaeens 173
13.3.4  ClOCK CONTIGUIATION. ..cuutiiiiiiiieeiieette ettt sttt ettt ettt st e e sa bt e bt e sat e e bt e s st e eabeesabeeabeesaseenbeessbeenbeesanesases 175
13.3.5  Bootloader ENtry POINt.......cccooiuiiiiiiiiieee ettt et ettt et see e s e b sbeeaeeneens 176
13.3.6  BOOtloader PrOtOCOL........couiiiiiiiiiiiiiitcieet ettt sttt ettt sae et sbe e s bt eanenieens 177
13.3.7  BOOtOAAET PACKEE TYPES...ceiuiiiiieiiiiiiteeie ettt ettt et ettt st ettt e bt e et enbaesabeebeesabeenaeesares 182
13.3.8  Bootloader Command APLL.........cc.ooiiiiiie ettt s a et et eaean 189
13.3.9  BOOtloAder EXIt STALE....cuueeutirtirieriieiterieeientt ettt ettt st ettt ettt et b et sbe et e bt et et nae e naees 203
134 PeripheralS SUPPOTLEA. ......ceiuiiiiiiiiiiiiieeie ettt ettt sttt e s et e bt e sat e e bt e eab e e bt e sabeesbtesabeenbtesabeenbeesaseenbeenas 204
13,41 T2C PIIPRETAL .....eiiiiiiiieiieteee ettt ettt e h et ea et e et eete e st e ebeeateseeentesseenbesbeenbesneenbeeneans 204
13,42 SPI PEIIPREIal.....c..eoiiiiiiiiiiieiiee ettt ettt sttt et ettt b et b et e be et bt eaee 206
13.4.3  LPUART PeIIPREIal......cceoiiiiiiieiiiiieiteiet ettt st sttt ettt eb et sbe b b e 208
13.5 Get/SetProperty COmMMANd PrOPEITIES. .......ccouieuteriiriieriieiieitt ettt sttt ettt ettt ettt eesteeate bt et e s be e tesbeenbesbeensesseeneeene 211
13.5.1  Property DefiNitiONS. ....cc.coiiriiiiriiieiieteniteteet ettt ettt ettt ettt et sbe et ebe et et e naeeanenaees 212
13.6  Kinetis Bootloader Status EIror COAES..........coviiiiiiiiiniiiinieiieeee ettt sttt ettt st s 213
Chapter 14
System Mode Controller (SMC)
14.1  Chip-specific SIMC INTOTMIAION. ..c..utiitiiiiieitie ettt ettt ettt ettt et e st e e s bt e eabeesbeeeabe e beesabeesatesabeessbesabeesbbeenseenaeenn 217
L Vi (o1 1117 510 ) 3 OO PR OSP RS PSRRR 217
14.3  MOAES OF OPCIALION. ¢...eueeitiiieiieeiteteett ettt ettt ettt ettt s bt et e eb et e bt et ebe et e e st e sbe e st e sbeemtesbeembeebe e b e eb b et e esbenbeentenbeenee 217
144  Memory map and re@iSter AESCIIPLIOMS. ...evuutiitierteetterteette ettt eite et e st e eb e st e e bt e sttt ebeesabesabeesabesabeesaseebeesaseenbaennseenne 219

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 9



Section number Title Page
14.4.1 Power Mode Protection register (SMC_PMPROT)......c..ccccriiiiiiiiiniiiienieeetee ettt 220
14.4.2  Power Mode Control register (SMC_PMOCTRL).......coctiiiiiiiiiiiiieeetese ettt 221
14.4.3  Stop Control Register (SMC_STOPCTRL)......ccotiiiiiiiiietieet ettt 223
14.4.4  Power Mode Status register (SMC_PMSTAT)...cc.coiiiiiiiiieieietet ettt 224

14.5  FUNCUONAL AESCTIPLION. ...ccuutiiitiiiieriitetie ettt ettt ettt e bt et e bt e e bt e bt e sab e e bt e eabe e baeeabee bt e eabeesatesabeessbesabeenbbeenseenaeean 225
14.5.1 POWET MO LrANSILIONS. ... cetieiietieiieiteeteet ettt ettt et e ea e steetesteete s et e besbe et e esee bt esee st eneeeseenseeseenseeneenbeennennean 225
14.5.2 Power mode entry/eXit SEQUENCIIZ......eeuveruteiirterterieetenitetenttetestteteete et e etee bt estesteestesaeestesbeetesbeensesbeensenseens 228
14.5.3  RUNIMOAES. ..ottt s st 230
L4.5.:4  WAIE INOAES. ..ottt ettt ettt ettt h et e et e bt ee et e e s e et e e st e eb e eabeeae e bt e et e bt emeesbeem e e b e emseebeenteeseenteeneeneeenee 232
T4.5.5  SEOP IIOAES. c..eetiniieiiieieete ettt ettt et b et s b et s bt e bt e bt bt e et bt ea e bttt eb et ebe et e bt e bt eane b s 233
14.5.6  Debug in oW POWET TNOUES. ...c...eeruiiiiieriiiiiieeieeite ettt ettt et ettt e s bt e satesa bt esbtesabeeabaesabeebeesnbeenseesares 236

Chapter 15
Power Management Controller (PMC)

I5.1  INErOQUCTION. ...ttt s b e s b et be e sa e n e saesa et ae s 239

I5.2  FALUIES. ..ottt ettt ettt ettt et h e et b e ea e bt ea e et e e a et e bt e et e et e bt e et e eb e ea e e e bt emte bt em b e bt en b e eb e ent e e st en bt ene e bt eneenaeeneenees 239

15.3 Low-voltage detect (VD) SYSIEIM...c..cotiriiiiiriiiiinieeie ittt ettt ettt ettt sttt ettt ettt e e sbe et sbe et sbe et e sbeeaeenee 239
15301 LV TE@SEL OPETALION. c...eiutieiiieiieeiteettesiteettesiteetee sttt ebeesateeabeessbeeabeeshbeeabeenbaesabe e stesabeesstesateenbeesaseenbaesnseaseens 240
15.3.2  LVD INEEITUPE OP@TALION. ¢...euveeutieutentieitetienteeteeteeteeteeteesteeseesteeaeesbeesseebeenseeseenteeseenseeseesbeeneesseeneesbeensesseensesseans 240
15.3.3 Low-voltage warning (LVW) Interrupt OPETation..........cc.ceuerueeiireeriineenieneenieniteniesirenieserenteeisesieeseesieeeenaee 240

154 J/O TOENEION. ....uiiiiiiiiiiitiitiii ittt a bbb b b sa e b b s 241

15.5 Memory map and re@iSter A@SCIIPIIONS. .. .e.eettrtietietieteetteettete it et eteete s et eteetee e estebeense st eneeeseentesseensesneenbeeneenseeneensean 241
15.5.1 Low Voltage Detect Status And Control 1 register (PMC_LVDSCI)...c..ccoceoviiviniininiininicnieeicnceieneene. 242
15.5.2 Low Voltage Detect Status And Control 2 register (PMC_LVDSC2)......ccccoviiriiiniiiiiinieeeenieeeeseeeen 243
15.5.3 Regulator Status And Control register (PMC_REGSQC).........coiiiiiiiiiiiieiciee et 244

Chapter 16
Crossbar Switch Lite (AXBS-Lite)

16.1  Chip-specific AXBS-Lite INFOIMAtION. ......ccuiitiiiiitieie ettt ettt ettt e sttt e st e et e bt e besbe et e ebeenteeseeeeenes 247
16.1.1  Crossbar-light switch Master aSSIZNIMENTS. ......c...eouiriertiriirieieneete ettt sttt ettt ettt et eseesaeeneesaeenees 247
16.1.2  Crossbar switCh S1ave aSSTZNMENLS. ....c...eivuiiiiiiriieiiieiteeie ettt ettt et ettt e st esatesabeesbaesabeesbeesabeenbeesas 247

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
10 NXP Semiconductors



Section number Title Page
162 INIFOQUCTION. ...ttt ettt et b e b e ettt ettt ese e b e b e eae et e b saesnesnene 247
LO.2.1  FRALUIES. ...ttt b e s a e st 248
16.3  Memory Map / Register DEfinition. ........ceoueiuieriiiieiiiieeeietee ettt ettt st b e s bt et e ae et e eae et e eneeneeenes 248
16.4  FUNCHONAL DESCIIPIION. c..cutitiiiiitiitentieteet ettt ettt ettt ettt et b et eb et e bt e sbeebtesbe e st e sbeenaesbeenbesbeebeeanenteann 248
16.4.1  GENETAL OPETALION. ...ceuutiiuiieiiiieiieeiie ettt ettt ettt et e et e bt e eab e e bt e e s bt e bt e sabe e abeeabeesbbeenbeeabeeeabeessbesabeesssesnbeens 248
Chapter 17
Peripheral Bridge (AIPS-Lite)
17.1  Chip-specific AIPS-Lite INfOIMAtION. ...c...eiitiiiiiiiieiiieitee ettt ettt et e bt st e st e s bt e sbbeeabeesbaeenbeenaee s 251
17.1.1 Number of peripheral DIIdZES.......cccueiuieiirieieie ettt ettt ettt s be et e s be e b e s beeteeneans 251
17.1.2 IMIEIMOTY INAPS. c..teutettenteeiteteettenteeutesttentesttetesbt e st eatenbesas et e eeteebeeatesbeemtesbee bt ebte bt estesbeeasenbeeabenbeenbeebeenteebeenseenee 251
17.2 INEEOQUCTION. c...viiiiiiiiiici e s bbbt e seeaesa e s e eaesaesbesaesaens 251
L7.2.1  FRALUIES. ...ttt ettt ettt ettt e ettt et ea et e e st e eb e emee e bt embesb e e b e eheembeeseen b e eae et e eneenaeeneeeaeeneesaeenees 251
17.2.2 GENETAL OPCIATION. c..euteiuiiiiiiiiitete ettt ettt ettt ettt ea ettt b et s b et e s bt et e ebt et e ebt e bt e st e sbe et e sbeenbesbeenaesanenbens 252
17.3  FUNCUHONAL AESCTIPLION. ...cutiiiitiitieiiitet ettt ettt ettt sb e et e bt st e e bt e s ab e e bt e eabe e bt e eabe e bt e sabeesatesabeessbeeabeenbbeenseenneenn 252
L7.3.1  ACCESS SUPPOIT. . .eeutieitetteuteateete et et ett et et e steeseesteeaeeeseeatesaeembesa e e bees e e bt em e e bt emeeeseemseeaeeneeemtenseemeenbeensenbeantenseans 252
Chapter 18
Low-Leakage Wakeup Unit (LLWU)
18.1  Chip-specific LLWU INFOIMNATION. ......ciitiiiiitieiiitiete ettt ettt ettt ettt e s et e ee s bt e ae s bt ebeebeenbeeseenbeeneenbeeneeneeenes 253
I8 1.1 LLWU INIEITUPL...cutiutiiieitiiteeieett ettt ettt ettt ettt ettt st besb bt ea b e bt e bt e s bt eat e sbee et ebte bt eseenbeesbenbeeanenbeens 253
I8.1.2  WAKE-UP SOUICES. ..ceutiiuiieitieiieeitteite sttt ettt ettt et e sat e e bt e e st e e bt e s abeebeesa bt e bt e eabeesbbeenseebeesabeesstesabeesabesaseenn 253
18.2  TIIIOMUCTION. ¢..cutttienttetiete et ettt ettt ettt et e e e et ee et ea e e eh e eme e es e e bt e st e bt eaee bt em b e b e em s e ebeenteeseenbeeae e bt emeenbeeneenbeennennean 254
I8.2.1  FRALUIES....cuiuiiiiiiiiiieiieecee ettt et ettt e eb e b et s b e bbbttt e eae e 254
18.2.2  IMOAES OF OPETALION. ....ccutiiitieiieriiteite ettt ettt ee sttt e et e bt e et e e bt e e bt e sbtesa bt esatesabeessbeeaseenbtesabeesstesabeesasesnseen 255
18.2.3  BIOCK QIAGIAIMN. ...ttt ettt ettt b et e et e s et e e ee e e et sae e bt eseenbeemeenbeentenbeenteeneenteene 256
18.3  LLWU SiNAl AESCTIPIOMS. .. .eetieuiiieeitiriietentteteett ettt ettt st et eatesbe et s bt et sbe et e et s e bt ebtesbteutesbeeatesbeenaesbeenaesbeenbenanens 257
18.4  Memory map/TeZiStEr AEfINTION. ...c...iiiuiiiiiiiieiteeiee ettt sttt e st e bt e sat e e bt e st e e bt e sabe e bt e saaeebeesaneennes 257
18.4.1 LLWU Pin Enable 1 register (LLWU_PEL).......cccoiiiiiiiiiiieieeee ettt 258
18.4.2 LLWU Pin Enable 2 register (LLWU_PE2).......ccccociiiiiiiiiiiiiiiiteteeteetee ettt 259
18.4.3 LLWU Pin Enable 3 register (LLWU_PE3)......cc.cooiiiiiiiiieeeeeee ettt s 260

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 11




Section number Title Page
18.4.4 LLWU Pin Enable 4 register (LLWU_PE4).......ccccociiiiiiiiiiiiiiceeeetee ettt 261
18.4.5 LLWU Module Enable register (LLWU_ME)........coooiiiiiiiiiiiiiie ettt 262
18.4.6 LLWU Flag 1 register (LLWU_F1).....coiiiiiiie ettt ettt s 264
18.47 LLWU Flag 2 register (LLWU_F2).....cccoiiiiiiiiiiiieeieeceet sttt sttt st s 266
18.4.8 LLWU Flag 3 register (LLWU_EF3)......cooiiiiiiiiiieeeeeeeeee e 267
18.4.9 LLWU Pin Filter 1 register (LLWU_FILT 1) .c..ccoiiiiiiiiiiiiireereretree ettt 269
18.4.10 LLWU Pin Filter 2 register (LLWU_FILT2)...c..cocuiiiiiiiiiiinieieneete ettt 270
18.5  FUNCHONAL AESCTIPIION. ...ccuuiiiutiitieeiitetie ettt ettt ettt b b et e bt s bt e bt e s ab e e bt e eabe e beeeabe e bt e eabeesatesabeesssesabeesbbeenseenaeenn 271
I8.5.1 LS MOM@....c ittt ettt b bbbttt sttt et b et b et b et b et b et eb e st bt s st na ettt 272
18.5.2 VLS MOMES. ..ottt ettt st b e sttt ettt eneene e 272
18.5.3  INItIAIZALION. ....cviiiiiiiiiiiiiiiiiicccc e et 272
Chapter 19
Direct Memory Access Multiplexer (DMAMUX)
19.1  Chip-specific DMAMUX INFOTTALION. .......coitiiitiiiiiiiieriteeieeste ettt sttt e sttt esbeessbeesaeesabeesseesabeesbaesnseenne 273
19.1.1 DMA MUZX REQUESE SOUICTES. .....ueiiiiuiiiiiiiiiiiiii ittt st st 273
19.1.2  DMA transfers via PIT trIZZET.....cccuooiiiiriiiineiieriteiesitet ettt sttt st sttt st b st stesaeeaee e 275
19.2 INEFOQUCTION. c..c.eiiiiiiiicici e s s b et ae s e b saesa et e aesnns 275
LO.2.1  OVEIVIBW....entteitetieie et ettt ettt ettt ettt et e h et eae et e e st e et e e aeeee e embe e bt et e e bt em bt eb e et e em e e bt eneeeseenteeaeenbeeneebesnnennean 275
1O.2.2 FRALUIES....cueiuiiiiiiiieieee ettt ettt et e b e b b et bbbttt ettt eae e 276
19.2.3  MOAES OF OPETALION. ....cuuiiitieiieriiieiie ettt ettt ee st et e et e bt e et e e bee s bt ebeesa bt e sateeabeessbeesseenbeeeabeesstesabeesasesseens 276
19.3  ExXternal sigNal AeSCIIPIION. .....cveutiuiriiiiitiitirie ettt ettt ettt ettt ettt s b b sttt et se et st eaeebeebesbeeaeebesaeseennen 277
19.4  Memory map/re@iSter AefINTION. .....cc..eouiiiiriiiiireeit ettt ettt sttt et st be st b et e bt eate b eaee 277
19.4.1 Channel Configuration register (DMAMUXX_CHCEG).......cccceeiiiiiiiiiiiiieiieeteeeeee e 277
19.5  FUNCtiONAl dESCIIPLION. c..c..eutiuieiieiiiiieitiitet ettt ettt ettt ettt b e bt bbb sttt e e eseesseateueeue e bt sbeebeebesaesaeanen 278
19.5.1 DMA channels with periodic triggering Capability.........ccccccveroiiririiinieiiinieeteeeeee et 279
19.5.2 DMA channels with no triggering Capability........cccocueriiiiiiiiiiiiieiieeee et 281
19.5.3  Always-enabled DIMA SOUICES.......cc.cetrerirtinienietetetetetet ettt ettt sttt s sa ettt e ettt ebe bt eae b b e saenen 281
19.6 Initialization/appliCation INFOIMATION. .......eeruirtirirterieeteit ettt ettt ettt st et sae et st esb e s bt et sbe ettt e et ebee e ene 283
LO.0. 1 RESCL....iniiiiciiecieee ettt sttt 283

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

12

NXP Semiconductors



Section number Title Page

19.6.2 Enabling and CONfIGUITNEZ SOUITES. .....c.eeuteiiriiiieiiirieeitenieetente ettt ettt ettt sttt ettt eaee bt estesae et e sbeennenaees 283
Chapter 20
Reset Control Module (RCM)

20,1 INEFOQUCTION. c..eiiiietiteite sttt ettt et e h b b et b e s a e sttt et et eae e bt enesa e e b e b suesa b ene 287

20.2 Reset memory map and re@iSter AESCIIPIIOMNS. ...eouutiuieriieiierittette et ette et e et e st e et e sate e bt e sateesbeesatesabeesabesaseensbesbeenaeens 287
20.2.1 System Reset Status Register 0 (RCM_SRS0).......oiuiiiiiiiiiiieieeet ettt 288
20.2.2 System Reset Status Register 1 (RCM_SRST)...cciiiiiiiiiiiiiiiiece ettt 289
20.2.3 Reset Pin Filter Control register (RCM_RPFC)........cccciiiiiiiiiiiiiiiei et 290
20.2.4 Reset Pin Filter Width register (RCM_RPEFW)........cociiiiiiiiiiieee ettt 291
20.2.5 Force Mode Register (RCIM_FIM).....c..ootiiiriiiiniiititintetertt ettt ettt ettt st 293
20.2.6  Mode Register (RCM_MR)......c.ooiiiiiiiiiiiieiceee e 293
20.2.7  Sticky System Reset Status Register 0 (RCM_SSRSO0).....c.cccuviririmininiiinieneieieieeeeeteeeeee e 294
20.2.8 Sticky System Reset Status Register 1 (RCM_SSRST)....ccociiiimiiiiniriiiiiicecceceee e 295

Chapter 21
DMA Controller Module

211 INEPOQUCTION. c..teiiii ettt ettt ettt et h b s a e s h bbbt s ettt et eae e b e b sa e e b e b saesn b ne 297
21101 OVEIVIEW .ot e et 297
2112 FEATUTES. ..eeueiiitteiteete ettt ettt ettt b et b e e st e bt s et e et esb et e bt e e bt e e bt e ea b e et e esa b e e bt esb et e bt e beeenbeeeaaeeareas 298

21.2  DMA Transfer OVEIVIEW........couivuiiiiiiiiiiiieiiieietetet ettt ettt e st st eae 299

21.3  Memory Map/RegiSter DEfINItION. . ...cccuiiruiiiiieiieiiieiieet ettt ettt ettt et e st st e st e et esabeenbeesaeeebeesaneeans 300
21.3.1 Source Address Register (DIMA_SARIL)....cc.eeiiiieiiiee ettt ettt st eee e enesaens 301
21.3.2 Destination Address Register (DMA_DAR)......cocoriiiiiiiiiiiieteeeeeeeseee et 302
21.3.3 DMA Status Register / Byte Count Register (DMA_DSR_BCR#).......coociiniiiiiiiiiiiiieiesieeeeeeeeee 303
21.3.4 DMA Control Register (DIMA_DCRIL).......cocueiiieiieteieetee ettt ettt ettt ettt et seeesee et eaesseesesseensesnnens 305

214 FUNCHONAL DESCIIPIION. ¢ .eutitieitiitiete ittt ettt ettt ettt e e e ae e bt e bt e s bt eb b e s bt eabe bt ea b e ebeeabeebeenteebee bt ebeenbeentesbeensenbean 309
21.4.1 Transfer requests (Cycle-Steal and CONtINUOUS MOAES).......eerureruieriieriieeriieiieenieerieenreeeeesieeeseesteesseesanesene 309
21.4.2  Channel initialization and SEATTUP........cceeererirtirenetetetet ettt sttt ettt ettt s saesbesbenaens 310
21.4.3  Dual-Address Data Transfer MOE...........c.coueiiiiiriiininiiniiiecceet ettt 311
21.4.4 Advanced Data Transfer Controls: AUtO-AIIZNMENL........c.c.eeriiriiieriieeiieiieeieeree et ste et eereesieesbeesieesene 312

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 13




Section number Title Page

2145 TEIMENATION. ....cciiiiiiiiiiiiiiiii ettt b e bbbttt et et ea et et eb e e b sa et e sae e eae 313
Chapter 22
Miscellaneous Control Module (MCM)

22,1 INEFOQUCTION. c..eiiiietite ettt ettt et et e h bt b et b e s a e sb et ettt eae bt e st sa e e b b s sn b ne 315
22,101 FRALUIES.....cuviiiiiiiiiieie e b e st eae e 315

22.2  Memory mMap/T@@IStEr AESCIIPLIONS. ....cuueeueetietieteetieteeteeteeiee st e etesteetesbeeatesbeeateeseenteeseenteeseenteeseebeeseenbeeneesseeneesbeensennean 315
22.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)....c..cocteiiriiiiniiniinieneeieneeeseee e 316
22.2.2  Crossbar Switch (AXBS) Master Configuration (MCM_PLAMO).........ccooiiiiiniiiinieniieiieeeee e 316
22.2.3  Platform Control Register (MCM_PLACR).......cccoiiiiiiieieiee ettt st s 317
22.2.4  Compute Operation Control Register (IMCM_CPO).....c..cccooiiiimiiniiiineiienieetenieeteseeestete et 320

Chapter 23
Timer/PWM Module (TPM)

23.1  Chip-specific TPM INfOrMAtION. ......coeertiriiiiiriiiieiteteetet ettt sttt et sttt et ebe e bbbt et e sbeeneenaee 323
23.1.1 TPM instantiation InfOrMation..........cccouiiiiiiiiiiiiiiiiiiicc e 323
23.1.2  ClOCK OPLIOMS. ..cueitieuie ittt ettt ettt ettt ettt ettt et e he et e st e bt e st e bt em e e bt en b e ebeamteeseemteeaee bt emeeseeemtesbeensesbeensenaeans 324
23,13 TIIZEET OPTIOMS. ¢eutteutieiieteettente ettt ettt et ettt et et eb et eatesb e et sbe e bt sb e e b e sb b e bt ebt e bt ebt e e bt eateebeemaesbee bt sbeenbeemnenbeas 324
23.1.4  Global tIMEDASE........eiuiiiiiiiiiiiiiicc e 325
23.1.5 TP INEEITUPES. .eueentteuteettete et ete et et et et ette bt et et e eate bt eaeees e emeesaeemtesseenbesaeemseeseenbeessenbeessenseentenbeentesseeneesneenees 325

232 INEFOQUCTION. c...eiiiiietiteite sttt et ettt et b b b st b e s b ss et s et e e et eaeeb e e s sa e e b e b saesa b ne 326
23.2.1  TPM PRILOSOPIY....uiiiuiiiiiietiricitiec ettt sttt ettt 326
23.2.2  FRALUIES. ...ttt ettt ettt ettt ettt et e bttt et ea et e e et e e bt eme e e et enteea e et e e bt en b e es e et e eh e e bt ee s et e en e e bt en e e eaeeneeeaeennes 326
23.2.3  MOAES OF OPCIATION. c...eueeeuiiiieiieriieiteett ettt ettt sb et sb et sb e bt e bbbt ee b e bt eat e s bt estesbe e bt sbtenaeebtenbeenbenbeennenbeens 327
23.2.4  BIOCK QIAGIAML...cutiiiiiiiieiie ettt ettt ettt et e bttt e s bt e e bt e bt e e bt e st e sabeessbeeabeesbbeenbeenbeesabeenaeesate 327

23.3  TPM Si@Nal DESCIIPLIONS. ...cu.iiutitieuieetieiteeteeteette ittt st et este e et e e et e et e e st e et e e st e ebeen et este bt eseenbeemeesseentesseensesbeenseebeenseeneantens 328
23.3.1 TPM_EXTCLK — TPM EXtEINAl CIOCK. ... uuuuuiiiiiiiiiiiiiiieiiii ettt e e e e e e e e e e e eeeeeseseseaearasananees 328
23.3.2 TPM_CHn — TPM Channel (1) I/O PiN.......c..ooiiiioiiiiee et 329

23.4  Memory Map and Register DefiNition.........coccouiieririiiiiniiieiiieietee ettt ettt 329
23.4.1  Status and Control (TPMX_SC).......cooouiiiiiieeiie ettt e e e et e et e e eve e e e te e e eaaeeeeabeeeeasaeesareeans 331
23.4.2  COoUNET (TPIMA_CINT ) .coeiiiiiiieie ettt e ettt e e et e e e e et e e e e eeeataaeeeeeetsseeeeeesaseeeeeeaentaseeeeeates 332

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
14 NXP Semiconductors




Section number Title Page
23.4.3  Modulo (TPMX_MOD).....c.cociiiiiiiiiiiiiiiietetetet ettt et 333
23.4.4 Channel (n) Status and Control (TPIMX_CRSC)......uuviiiiieiiiee et eeeeree e e et e eeareee e e 334
23.4.5 Channel (N) Value (TPIMX_CRV ) ....uoiiiiieeie ettt ettt st e et e et e e st e e et eeessaeesnseasansseesnnnens 336
23.4.6 Capture and Compare Status (TPIMX_STATUS).....cooiiiiiiiiiieeienieeestee ettt 336
23.4.77  Channel Polarity (TPMX_POL).......coooiiiiiiiieiiieit ettt ettt sttt st sttt e esbeesabeesaeesans 338
23.4.8  Configuration (TPIMX_CONE).......coiiiiiiiiiiiee ettt sttt sttt sat e e sbe e st e bt e s aaeebee s 339

23.5  FUNCHONAL AESCIIPIION. c..cutteutitientiettet ettt ettt ettt ettt et e e et e b e es e bt es e eb e e st e eheene e eh e e bt eaeenbeeseesbeemaeabeenbeebeenbesbeenteeseenaeenee 342
23.5.1  CIOCK AOMAINS. ...ctiiiiiiiiiiiiieieie ettt s s st eae s 342
23.5.2  PIESCALET....cutiiiteeiteite ettt ettt et b e et e b et e b e bt et e e ht e et e e eh b e e a bt e bt e e bt e bt e s beenaee et 343
23.5.3  COUNLET ...ttt ettt ettt ettt et ettt et et e b bt be s a e et b e e st et e e e e senteaeebe e bt eueebeebe s b sa e benaenrens 343
23.5.4  INPUL CAPLUIE MOMAC.....ceiutieiiieiiieiiie ettt ettt ettt ettt et e sttt e bt e st e eabeesabeeaseesabeenseesabeanbaeenbeenseesnseenseennsean 346
23.5.5  Output Compare MOGE...........coueeiiriiiiiiieiieiete ettt ettt et sa e sae e sae e s 347
23.5.6 Edge-Aligned PWM (EPWM) MOGE.........coiiiiiiiiiiiieiieiiee ettt ettt ettt 348
23.5.7 Center-Aligned PWM (CPWM) MOME......cccuteriiiiiiiiieiieeiiesie ettt et esitesteesiee st e sesesbeesssesnseenseesseenanesnne 350
23.5.8 Registers Updated from Write BUffers...........cccooiiiiiiiiiiiieeeee e 352
23.5.9  DIMA ettt b b a et b e ettt et et a e eb bt b sa s 352
23.5.10  OULPUL LIIZZETS veeutrtettertieetterte et e stteett e sttt eteestteeabeesateeateessteesseessseeaseesssesabeessseenseesaseenseensseenseesssesnseesssesnseenns 353
23511 RESEE OVEIVIBW..uueiiiiieiiieiie ittt ettt et ettt et ettt st e bt esa bt e sb e e eab e e bt e e ab e e bt e eabe e bt e sateesbbeeabe e bbeeabeenbeesabeenaeenane 353
23.5. 12 TPM IIEITUPLS. ..t teutteuteteeiiente et sttt et e bttt e bttt ettt e s bt eatesbeembe s bt enbesbeebees b e bt esee bt ente bt enteeseenaesseenbesneenbeensebean 354

Chapter 24
Analog-to-Digital Converter (ADC)

24.1  Chip-specific ADC INOIMALION. ..c..ceitiiiitieiitieie ettt ettt ettt et e et et s et e bt e seesbeestesbeenbenbeenbesbeenbesseeeeenee 355
24.1.1 ADC instantiation iNfOrMAatioN.........ccocciiiiiiiiiiiiiieie e 355
24.1.2 DMA Support 0N ADC.......oooiiiiieeeeee ettt sttt et 356
24.1.3  ADCO connections/channel aSSIZNIMENL.........cccuerutertiriirtirierteeieiteete et et eteeteetteteeseesteeatesbeeseesbeessesbeennenneans 356
24.1.4 ADC analog supply and reference CONNECTIONS. ........eervieriieriieriienieeieesteeteesreeteesiteebeessreebeesseesnseessnesnseas 357
24.1.5  ADC Reference OPIONS. .....c.cccueuiruiruirtiririintentententetetet ettt et ete et sttt sbesaeste b et e e estess et eneeseeseeseebeebesbeseennen 358
24.1.6  AIEINALE CIOCK.....c.eiiiiiiiiiiiicieiie ettt sttt e ettt et eae e 358

242 INEEOAUCTION. ...ttt et et b bbb bbbttt e e ae bt eaeeae b besa et saesnens 358

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 15




Section number Title Page
24201 FRALUIES....cuitiiiieitete ettt e h bbb bbbttt et ettt et ere e 359
24.2.2  BIOCK QIAZIAM....cutiiiiiiiieiie ettt ettt ettt et e sht e et e s bt e et e e bt e e bt e eatesabeesabeeabeesbbeenbeenbeesabeenanesate 359

24.3  ADC SIZNAL AESCIIPIIONS. 1.t uteutteuteteeiieteeiteettente et ettt e bt eteesteeaeesbeeaeesbeeateabeenteeseenbeeseenteeseanteeaeenseemeesaeensesseensesneansenseans 360
24.3.1  ANAloZ POWET (VDDA). ...ttt sttt st b e sttt ettt b et sbe et e 361
24.3.2  ANAlOZ GIOUNA (VSSA) ... ittt ettt e b ettt e st e bt e sa bt e bt e sabe e bt e s bt ebeesabeenbeesanes 361
24.3.3  Voltage ReEferenCe SELECT......cc.ietiitieiieiieie ettt ettt ettt e et et e bt et e s et e te s bt et e s beenbeeaeenbeeaeenee 361
24.3.4  Analog Channel INPUtS (ADX)....co.eeruiiieiiriititeteetet ettt ettt ettt ettt ettt et e sae e e e 362
24.3.5 Differential Analog Channel INputs (DADX)...c...eiiuiiiiiiiiiiiieiieeie ettt sttt 362

24.4  Memory map and re@ister defINITIONS. ........eiuiiiiiieieie ettt ettt ettt et sb e et s bt et e b et e b e et ne e 362
24.4.1 ADC Status and Control Registers 1 (ADCX_SCI7).....coccoririiriniiiiniiienieieeeieeeeee e 363
24.4.2  ADC Configuration Register 1 (ADCX_CEGI).....coiiuiiiiiiiiiiieiieeiteeeee sttt ettt s 367
24.4.3 ADC Configuration Register 2 (ADCX_CFG2).....c.cccceoiiiririnirinieienieneteteeeeer ettt 368
24.4.4  ADC Data Result Register (ADCX_R)...c..ooieiiiiiiiieieeeeee ettt 369
24.4.5 Compare Value RegiSters (ADCX_CVI)..ccuiiiuiiiiiiiieeieeite sttt ettt ettt ettt et e siteebeesaeesnbeesaaeenseas 371
24.4.6  Status and Control Register 2 (ADCX_SC2)......coiuiiiiiiiiitiet ettt ettt ettt st 372
24.47  Status and Control Register 3 (ADCX_SC3)....ccuiiiiiiiieiiee ettt ettt saean 374
24.4.8 ADC Offset Correction Register (ADCX_OFS).....cccooiiiiiiiriiiiiiiienteesteteetete ettt 375
2449  ADC Plus-Side Gain Register (ADCX_PG)...cc.coiiuiiiiiiiiiiiiiieett ettt ettt st 376
24.4.10 ADC Minus-Side Gain Register (ADCX_MG).......ceouiruieiiriieieeiiee ettt ettt see e 376
24.4.11 ADC Plus-Side General Calibration Value Register (ADCX_CLPD)....c..cccooveiiininiininiinieieneeieeeneenen 377
24.4.12 ADC Plus-Side General Calibration Value Register (ADCX_CLPS)......cociiviiiiiiniieienieeeeeeeeiee e 378
24.4.13 ADC Plus-Side General Calibration Value Register (ADCX_CLP4).........cccoviiiieieieieeeeeee e 378
24.4.14 ADC Plus-Side General Calibration Value Register (ADCX_CLP3).....c.cccoceiiiiinieiinieieieieeieneee e 379
24.4.15 ADC Plus-Side General Calibration Value Register (ADCX_CLP2).....c..cccccoiiviiniininicniinicnceieneeieneenne 379
24.4.16 ADC Plus-Side General Calibration Value Register (ADCX_CLP1)....cccccooiiriiriiiniiiiiinieeieeeeieeie e 380
24.4.17 ADC Plus-Side General Calibration Value Register (ADCX_CLPO)........cccceiiiiirieiinieeeeeee e 380
24.4.18 ADC Minus-Side General Calibration Value Register (ADCX_CLMD)......ccccccceviriininiininiiniiienieeienens 381
24.4.19 ADC Minus-Side General Calibration Value Register (ADCX_CLMS).......cooviiriiinieniiiienieeiee e 381
24.420 ADC Minus-Side General Calibration Value Register (ADCXx_CLM4)........cccovviiiriieiieeeieeeeeeeeeee e 382

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

16

NXP Semiconductors



Section number Title Page
24.421 ADC Minus-Side General Calibration Value Register (ADCX_CLM3)........cocevviiririeninienieieneeieeceeee 382
24.4.22 ADC Minus-Side General Calibration Value Register (ADCx_CLM2)......ccovvieriiiinieniiiiniienieeie e 383
24.4.23 ADC Minus-Side General Calibration Value Register (ADCX_CLMI1)......cccoiviiiiiriinieerieeeeee e 383
24.4.24 ADC Minus-Side General Calibration Value Register (ADCX_CLMO)........ccceovieririeniriinieieneeieeeeeee 384

24.5  FUNCHONAL AESCTIPLION. ...eeuuieiitieriieetierite ettt et et e et e st e et e e stteebeesttesabeesaeesabeesabeesbeesbbeeabeeseesnseenstesabeesssesaseenssesnseensnenn 384
24.5.1 Clock select and diVide CONLIOL.........ccuiiiiruiiiiieiiet ettt sttt ettt e st et e et eeeeseeseesneesaeennennenn 385
24.5.2  Voltage reference SELECTION. .......iitiiiiitieieet ettt ettt ettt et b et e bt et ea e e s bt eseesbeebesbeenbesbeenbens 386
24.5.3 Hardware trigger and Channel SEIECTS.........ovuiiriieiiieiieeit ettt ettt ettt st et esabeesabesaneenes 386
24.5.4  CONVEISION COMIIOL...uiiitieiiiitieieittete et tete et te sttt te et et e e teeateeseeneesaeebesseeseesee bt esee st enseeseanseeseenseeneessesneesseensensean 387
24.5.5 AUtomatic COMPATE fUNCHION. ...c.eirtiiiieriiriteitteteet ettt ettt ettt ettt et b e et e s bt et e s bt e besbe et e sbeenbesbeeteeseeteenee 395
24.5.6  Calibration fUNCHIOM.......ccuiiiiiiiiiiiiieie ettt e e 396
24.5.7  User-defined OffSEt FUNCHON. .......eeiuieeieiieiieti ettt ettt ettt et e et ebe st e sbesmeesseeneesbeennenseans 398
24.5.8  TEMPETALUIE SEIISOT.......uetteutearienteetteteeutenteestesteestesteestesteenteestenteeutenteestenseeseesbeentesbeenteshtenbesssenbeentenseensenseeneene 399
24.5.9  MCU Wit MOAE OPETAION. ..c.ueieuiieiieitieriieeteesiteeteestteeteesttesteesteeseteesstesaseebeesssesnbeesaseeseessseeseessseenseesssesnses 400
24.5.10 MCU Normal Stop MOAE OPETALION. .....c..eueuteureireieiieiirieeteetteteste sttt eteteteseettese et ebesbesae et sessestensensenenees 400
24.5.11 MCU Low-Power StOp MOAE OPEIATION. ....c..eetirtieieriieieitieieeiteieeite sttt ettt ettt e sttt esbeeseesbeessesbeennesbeens 401

24.6  Initialization INFOrMATION. ........cciiiiiiiiiiiiii et 402
24.6.1 ADC module initialization EXAMPIE..........ccceruirririerrerieieieieiieeet ettt ettt ettt ettt besbe et b b naens 402

2477 ApPlication INFOIMIAION. ......eoutitiitiete ittt ettt ettt et ettt e bt bt e bt eab e bt ea b e e bt e st e sbe et e ebe e bt ebtenbeentenbeensenbean 404
24.7.1  EXternal PinS QNd TOULINZ....ccuueiuieriieitieniie et erite ettt e et eteesbe e beesateebeesateebtesabesabeessbeesbeessseenseessnesnseenanesnseas 404
24772 SOUICES OF @ITOT.....cuuteuieieeiieeteete et ete et este et e bt et te et esee st eaeeeseeneesseensesseenseeseenseeseenseenee st anseeseensesseensesneensesneansenn 406

Chapter 25
Comparator (CMP)

25.1  Chip-specific CMP INFOIMALION. .....cciotiiiirirtirtirtertert ettt ettt ettt sttt sttt et eae bt be bbb saesaenen 411
25.1.1 CMP instantiation iNfOIMAatiON. .....c..ccueiiiiiiiiiiiitieie ettt sttt et 411
25.1.2  CMP INPUL COMMECTIONS. ....eeutieireritieriteettesiteettesiteeteessteeteesateeteesaseebeesateesbeesaseenseesaseesseesaseeseessseeseessesnseess 411
25.1.3  CMP eXtEINAl TRIETEIICES. ... et euietieiietieie ettt ettt ettt ettt ettt e e st ete et e et e ese et e eneesaeeneeeaeensesseensesseensesneenseas 412
25.1.4  CMP HIZEET MNOAE.......eoeieitieiieiieiieeieete ettt ettt et a et ettt e st e s bt et e s bt e b e s bt et e sbe e bt ebtenbeebee bt eneenaeenee 412

25.2 INEEOQUCTION. ...ttt e s b e s e e s ettt et ea e s ea e b b s b 413

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 17



Section number Title Page
2521 CMP FRALUTES. ...ttt ettt e bbb sttt 413
25.2.2  O-Dit DAC KEY fRALUIES.....eeteerieieiteeieeite ettt ettt ettt et e e s ab e et e e sab e e bt e satesabeesabeenbeesabeenseenasean 414
25.2.3  ANMUX KEY FRALUIES. ... .eeueetieueeitieteitiete ettt ettt ettt e bt et e s et eaeesbeebesbeeatesbeenbeeseenbeeseenteeseebeeneenbeeneesaeenees 414
2524 CMP, DAC and ANMUZX QIQZIAIML...c..cotiriiriiniiiienieetenieete sttt sttt ettt ettt ettt et saeeseesaeestesbeenaenaees 414
25.2.5  CMP DLOCK QIAZTAIM. ¢ ..tiiutieiiieiieiite ettt ettt ettt et ettt e b e s et e bt e sab e e bt e sab e e bt e sateebaesabeenbeesabeenseesatean 415
25.3  Memory map/re@IiSter AefINItIONS. ... c..eeiirtieiirtieie ettt ettt et e e e e bt et e st e e st e s bt esae b e en b e b e enbeeseenbeeseeaeenee 417
25.3.1 CMP Control Register 0 (CMPX_CRO).....cc.coouiriiiiriiiiiiiitiiteeeec ettt 417
25.3.2  CMP Control Register 1 (CMPX_CRI)....coiiiiiiiiiiiiiiieeiteee ettt ettt et s 418
25.3.3  CMP Filter Period Register (CMPX_FPR).......cccooiiiiiiiie et 419
25.3.4 CMP Status and Control Register (CMPx_SCR).....cc.couiiiiriiiiiiiiienteieee et 420
25.3.5 DAC Control Register (CMPX_DACCR).......ccouiiriiiiieieeiiesieeite sttt ettt e st ebeesibeebeesieesbeesanesnne 421
25.3.6  MUX Control Register (CMPX_MUXCR).....cccociririiriiiiiiieiiieteiteese sttt ettt ettt 421
254 FUNCHONAL AESCIIPIION. ...ttt ettt ettt ettt ettt e bt et e bt eb e e bt es e eb e eat e eh e ent e eseen bt eseenbeeseeabeeste b e enbeabeenbeebeenteeseeneeenee 422
25.4.1  CMP functional MOGES.........ccocouiiiiiiiiiiiiiieii ettt 423
2542 POWET TNOGES. ..ottt ettt ettt et h e et a e st e s bt e eab e e bt e e ab e e bt e e bt e st e sateesbbeeabeesbbeenbeenbeesabeenaaesane 426
25.4.3  Startup and OPETALION. ......cueruiiitieiiertiete ettt ettt et ettt e et e bt et eebeeneesbe e bt sheenbeesaenbeesbe st e enbeebeenteebeenbesaeenaeenees 427
2544 LOW-PASS FIIEET...ceuiieiieiie ittt ettt ettt e st e bt et e et e e sate s beesabeeabeesabeesseensbeenbeenseesnbeensseenbeens 428
25.5  CMP INIETTUPES. ..c.eeeutiiiiiieiteeitete ettt ettt ettt ettt et ea et e et et e s ae e st e e e saeease s bt ease s bt eaaeeseesseeaeess e eseenseennesaeennesaeennesueen 430
25.0  DIMIA SUPPOIT...cutiiieteeieete ettt ettt et eat et e est e et et e et e eateea e et e eatesbeeatesbeea s e ebeen b e eb e en bt eb e emteeheenb e ea e e bt entenheenteebeenbeebeenbenbeent 430
25.7  CMP ASyNChronOUS DIMIA SUPPOTL...c..ueeuieruitiiieniieetiesiteettesite et esttesteesitesateesateesseessseesseesssesseesseesnteesssesnseessseesseensees 430
25.8  Digital-t0-analO@ COMVEITET........ccuiiiiiieiieiieieeitete ettt ettt ettt et ete e et eate e s et e st st e aeeanesaeesnesbeeanesbeesnesueennenne 431
25.9  DAC functional deSCIIPIION. .....ecuetiteieiieiieiteteitetiett ettt sttt et ettt et ettt s et b e saesb et s b e et et e e e e s et enteneeueeaeeuean 431
25.9.1  Voltage reference SOUICE SCIEC......ciuiiriiiriieiieeieeiee sttt sttt ettt e st e et eesebeeabeesbbeebeesatessbeesasesnbeessseenseenes 431
2510 DAC T@SELS . eeuttiuiieetteeite ettt ettt et ettt e b e s at e e bt e s bt e et e e sat e e bt e e st e ea bt e sab e e bt e sa e e bt e eh bt e bt e e ab e e bt sab e e bt e sat e e bt e eabe e baeenbeeaees 432
2511 DIAC CIOCKS. .ttt ettt ettt b e s st a et e ettt et e a e bt st b e ene 432
2512 DAC INEETTUPES. .. tteutteeeteeteeeiteettestteettestteeteestteeseesttesaseessseeaseessseanseenseesaseenseesaseesssesaseensseanseenseesnseenseesaseenseesnseenssennseense 432
25.13 CMP TIIZEET MOGE........oueiiiiiiieiieiiee ettt ettt et a e e b e e h e e b e et e eae et e eae e st eanesaeennesaeennenueen 432
Chapter 26

Voltage Reference (VREFV1)

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
18 NXP Semiconductors




Section number Title Page
261 INIFOQUCTION. ...ttt ettt et h b s a e et b e bbbttt et eae e b e e st sa e b e b saesn e ene 433
20,11 OVEIVIEW. .ot et 434
20.1.2  FRALUIES. .....iuientieiiete ettt ettt ettt ettt ettt et et ea et e st e e bt emee e et en e e ee e embeeheem b e es e em b e esten b e es e et e en e e bt enteeaeeneeeaeentes 434
260.1.3  MOAES OFf OPETALION. .. ..ccueiiiiiiiiiiieittete sttt ettt ettt et sb et s b et s bt e bt satesbeestenb e eabesbe et esbeenteebeeneeeae 434
26.1.4  VREF Si@Nal DESCIIPLIONS. ..cuvtiriititieriiietteiiteeieesite ettt st e stte et e sbteebeesutesbeesstesabeesabesabeesbbeeseenseesseenanesnne 435
26.2 Memory Map and Register DEfINItION. .......cecuiiuieriiiierie ettt ettt et e st et e bt et e bt et e sbe et esbeenteeneeneeene 435
26.2.1 VREF Trim Register (VREF_TRIM)....cc..ccioitiiiiiitiiinitiienitetesie ettt ettt ettt 436
26.2.2  VREF Status and Control Register (VREF_SC).......ooiiiiiiiiiiiieeetee ettt 437
260.3  FUNCHONAL DESCIIPIION. .. .eutitieietitieieeiiet ettt ettt ettt et e et et et e bt e aeesbe e st e sbeeseesbeeate bt emaeebeenteeseeneeenee bt emeesbeemtesaeensennean 438
26.3.1 Voltage Reference Disabled, SCIVREFEN] = 0.......coceoiiiiiiiniiiiniiieeieiceteceteseeee ettt 438
26.3.2  Voltage Reference Enabled, SCIVREFEN] = L...ccooiiiiiiiiiiiiieiiieteeie ettt 439
26.4  INternal VOItAZE TEZUIALOT . ......cc.eiitiiiitieiie ettt ettt ettt et ettt a et e e ete e s et eat e bt s st e b e e st e bt emtenbeenseabeentenbeentesseantenne 440
26.5 Initialization/Application INFOrMAtION. ......c..coouiiiiiiiiiiiii ettt ettt sttt 441
Chapter 27
Multipurpose Clock Generator Lite (MCG_Lite)
271 INEPOQUCTION ..ottt ettt ettt et e h b b et b e s b s bt s ettt et eae e bt e bt sa e b e b saesnebene 443
27101 FRALUIES ...ttt e eh bt ea 443
27.1.2  BIOCK QIAZIAIN ....eiuiiiieiiiet ettt ettt b e i et e s e et e en e e e st e bt saeebe s et e bt essenbeentenbeenseebeenteene 443
27.2  Memory map and re@ister defINItION.......c..cecuiriiiiiiiriit ettt ettt sttt sttt et 444
27.2.1  MCG Control RegiSter I (IMCG_C1).couiiiiiiiiieieeiie ettt ettt sttt ettt s bt e b e sabeenaeeeas 445
27.2.2 MCG Control Register 2 (IMCG_C2)...cuieiieiieiieiieeit ettt ettt ettt ettt et seeeaee et enae et eaesbeeaesnnans 446
27.2.3  MCG Status RegiSter (IMCG_S).....eoutiiiiteiiiienieeteetteteete ettt ettt ettt ettt be et ebe b 447
27.2.4 MCQG Status and Control RegiSter (IMCG_SC)..c...iiiiiiiiiiiieiieeieeiteee ettt et 447
27.2.5 MCG Miscellaneous Control Register (MCG_MO).......c.ooiiiiiieiiiienieeiiesieeie sttt 448
27.3  FUNCHIONAL AESCIIPLION. ..c..eiutiiiitiettiie ittt ettt ettt ettt et b e et be et sb e et s bt et e bt et e et s et e ebe e bt estesbeentesbeenaenaeen 449
27.3.1  Clock MOAE SWILCHING ...eeiutiiiiiiiieiit ittt ettt ettt e et e bbb e et e s st e e bt e sabeebeesaeeeabeesnneennes 449
27.3.2  LIRC QIVIALT 1 ettt e bbbttt bbbttt b e b 450
27.3.3  LIRC QIVIAET 2 ..ottt ettt b et n e 450
27.3.4 Enable LIRC in StOP MOGE ....ccueiriiiiiiiiieiiieiiteee ettt sttt st ettt et e st e bt e sabe e bt esate e bt e saeeenbeesaaesabeas 450

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 19




Section number Title Page
27.3.5 MCG-Lite in LOW-POWET INOAE ....ccueriiiiiriiiiiriiiiieititteitesteete sttt sttt sttt sttt ettt ettt et sbeeaee e e 451
Chapter 28
Oscillator (OSC)
28.1  Chip-specific OSC INTOIMALION. .....cc.uiriiriiriiritiitieiteteet ettt ettt et b e eb et eat e bt eatesbe et saeeneesbeenaesaeen 453
28.1.1  OSC modes of operation with MCG_Lite and RTC........c.c.coiiiiiiiiiiiiiiiieiiececeeeee e 453
B I Vi (0T L1 11 5 (o) s OO OO O OSSPSR SRR 453
28.3  Features and MOAES..........ccuciiiiiiiiiiiiiiieiesie ettt sttt e a e 453
284 BIOCK DHAGTAM......eiiitiiiiiiiieiie ettt ettt e b e ettt et e s ab e e bt esa bt e bt e sat e e beeeabeeabeesabe e bt e sate e bt e eabe e baeenbeebeas 454
28.5  OSC SiZNAl DESCIIPLIONS. ... .eeutetieteetietteiteeteeteeteetesteete et e eteate e bt et e e bt ese e bt eaeesseeaeesseemeesbeenseeseenbeeseenteeseenbeeneenseeneeneeenes 455
28.6  External Crystal / ReSonator COMMECTIONS. ......c.evuteriirtirtiriiinieetenie ettt st et stt et ettt ettesbeeatesbeeneesaeenaesbeeaesbsensesinens 455
28.7  External CloCK COMNECTIONS.........c.oiuiiuiiiiiiiiiiitiieie ettt st s s 457
28.8  Memory Map/RegiSter DEfINItIONS. ........eiutiiiitieiiitiete ettt ettt sttt sttt b ettt e b e e ebe e bt estenbe et enbeeneenees 457
28.8.1 OSC Memory Map/Register Definition..........cccucouiiiiriiiiniiiiiiieiteeeteeee et 458
28.9  FUNCHONAL DESCIIPUON. 1. utteuiiiiitieiteeiiteeite ettt ettt ettt et e s bt et e bt e e bt e bt e sab e e satesab e e bt e easeenbeesabeebeesabeenstesaseenbeesnseenne 459
28.9.1  OSC MOAUIE SLALES......eeuveeeienteetieteetieeteete et ettt eteeeeebeeteebeesee bt eateeseenteeseenteesee st saeenseemeesbeemtenseentenseensenseanseane 459
28.9.2  OSC MOAUIE MOAES......c.eeuiiiiiiiiiiiiiiiiiieitetee ettt st sttt et st sans 461
28.9.3  COUMLET....cuiiiiiiiiiiiie e e b bbb e b e s 463
28.9.4 Reference cloCK Pl TEQUITEIIIEIIS. ....c..euvireureuieiieiieitetieteeie sttt sttt et sttt eaeeateue bt ebesaesaeebe s b saesennennens 463
2810 RESEL. ittt et a bbb e b b e ettt et ea ettt e b e sae et be e 463
28.11 LOW POWET MOAES OPETALION. ..c.u.eeeuteeiieeiieetieiteetteeittestte ettt esbteeaseebeesabeesttesateesstesaseebteeaseebeesabeesbtesateesstesaseenbeesnseenseeas 464
2812 TIECTTUPES ..euteeutetienteeteente et ettt e bt e e et e et e bt e et e s bt ea e e e bt em b e ebeem b e eb e emt e eaeem et ee e e bt emee bt emeesb e em s e bt embeebeen b e eseemeeeseentees e e bt eneenbeeneennes 464
Chapter 29
Real Time Clock (RTC)
29.1  Chip-specific RTC INfOIMALION. ......cctiiririitiriertiteietetet ettt ettt sttt sttt ettt ettt ebe b b saesn e ae 465
29.1.1 RTC Instantiation INfOrmation..........c..cceoiiiiiiiiiiiiiiiiiiiiiii et st 465
29.1.2  RTC_CLEKOUT OPHOMS. ...c.cveuiiiuiiiieiiietiieiesieieeteies ettt et et 465
20.2  INETOQUCTION. 1.ttt ettt ettt ettt ettt et et et e bt ea e bt e st e et e ea et eh e e et e aee bt ea e e bt em e e bt ease bt emte st emteeseeneeeneenbeeneenbeemeesaeensennean 465
20.2.1  FRALUIES....c.iiiiiiiiteee ettt ettt e e b bbb a e s h ettt ettt eae e 465
20.2.2  MOAES Of OPETALION.....eeuuiiiutieiieritiertte et ettt et ettt et e st e et e e s bte e bt esbeesabeesatesabeesabeeabeessbeesbeenbbeenbeessbesabeesssesseens 466

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

20

NXP Semiconductors



Section number Title Page
20.2.3  RTC SIZNAl AESCIIPLIONS. c...euteviintieititeeiteeieete sttt sttt ettt ettt et eb et s bt e bt sbeesbe st e sbeeabenbeeabesbeenbesbeenneene 466
20.3  ReE@ISIET AEIIMILION. ¢...eiiutieiieitieite ettt ettt ettt ettt et e bt e e bt e bt e eab e e shtesabeesabeeabe e bt e eabee bt e eabeenbtesabeessbeeabeenbaesnseenseean 466
29.3.1 RTC Time Seconds Register (RTC_TSR).....cceiiiiiiiiiieiieeeeeee ettt 467
29.3.2 RTC Time Prescaler Register (RTC_TPR).......cocooiiiiiiiiiiiiiiiitecce e 467
29.3.3 RTC Time Alarm Register (RTC_TAR).......ccoiiiiiiiieiieieencre et 468
29.3.4 RTC Time Compensation Register (RTC_TCR)......ccccvriririniriniininenceteeceeeeeeeeeee et 468
29.3.5 RTC Control Register (RTC_CR)....ccueoiiiiriiiiniienieiientete sttt ettt sttt st eae e e b sanens 470
29.3.6  RTC Status Register (RTC_SR)......ooiiiiiiiiiieiieit ettt sttt sttt sbae st e saee s 472
29.3.7  RTC Lock Register (RTC_LR)....c.coiuiriiiiiinieinietnet ettt sttt 473
29.3.8 RTC Interrupt Enable Register (RTC_IER).......ccccoiiiiriiiiniiiiiiiicntcetteteetete ettt 474
204 FUNCHONAL AESCTIPLION. ...eeuutiiitieiteeiterite ettt ettt et et ea bt e sb e e et e e bt e eabeeshtesabeesubeeabeesbbeeabee bt e eabeesbtesabeessbeeaseenbaeenseenseean 475
29.4.1 Power, CloCKINg, and T@SEL........eeuietiieieiieiiett ettt ettt ettt e b st e st e st e e et et e saee bt st e bt eseenbeentenbeennenaeens 475
29.4.2  TIMNE COUNLRT....c.uetiuiiiieiteiieiieiiet ettt ettt sttt et ettt et et a e bt ea e eb e e b sb e b e b sa et e b s e e et ettt eaeeaeeueeue s e 476
20.4.3  COMPENSALION. ¢...teutteiieeuteestteeteestteeateesttesateestteesseesbteeaseesstesabeesstesate e baeeabeenbaeeabeenseesabeenstesateebbesaseebeesnseenseenas 476
20,44 TIME ALAITIL.....eotiiiieiieieeee ettt ettt ettt et e et et e e st e s he e st e seeemtesheembeeseembeeseenbees e et e ente bt eneeeaeeneesneennes 477
20.4.5  UPALE MOAE. ....ccueiiiiiiiiiiiieitete ettt ettt ettt a et s b et s bt e saesb e e bt eb b e bt ee b enb e ea b e s bt et e ebe et e ebeenaeeaees 477
204,60 REZISIET LOCK . ....eiutiiiiiiiteet ettt ettt et e b ettt e bt e st e e bt e st e e s sbeeabe e baeenbeebeesabeenseenares 478
20477 TIEEITUPL. ...ttt et e h et e h e e e a e e ae e s et e e s ae e s h e et s h e eh et e a e e e eae 478
Chapter 30
Periodic Interrupt Timer (PIT)
30.1  Chip-Specific PIT INFOIMALION. ....c.couiitiitiieieiiieieieii ettt ettt ettt s s a e sttt et ebe e 479
30.1.1 PIT/DMA periodic trig@er aSSIZNMEILS ....c..coueruerieriertenieeitenteetenteeteeteeteeteestesseesaeeseesbeessesbeennesseensesseensenne 479
30.1.2  PIT/ADC trIZETS  eeuttetieeiieeitteeite et te ettt sttt s et e b e et et e s st e e bt e shte e bt e sat e e bt eeabeeabeesabeeabeesabeenbeesaeeenseenaneenne 479
30.1.3  PIT/TPM IIIZEETS. ..ttt ettt sttt st sttt ettt ettt e b e bt bt et et besa et ettt s et et eneeaeeaeene 479
302 INEFOQUCTION. c...uiiiiieiitiite sttt et ettt et e b b s a e s h bbbt s ettt et eae b e enesae b e b saesn b ene 480
30.2.1  BIOCK QIAGTAIMN......eiiiiiiiiiiiiieite ettt ettt bt s bt e s et e et e e sht e e bt e sbe e e bt e sabeeabeesabeenbeennbeenbeenaeas 480
B0.2.2  FRALUIES. ....eeeeutietieeieeeete ettt ettt e b e et e bt s at e bt e e a bt e bt e e st e e b et eab e e bt e et e e bt e e et e e b e e e bt e b et eate e bee et s 480
30.3  SIZNAL AESCIIPIION. ...ttt ettt ettt ettt et b et b e ea e s bt et eeb e st eb e et e bt e bt e st e sbeeste s bt emaesbeenbeebaenbeebaebeebaenbeenee 481
30.4  Memory Map/T@IStEr AESCTIPIION. ...c.uiitieriiietieeteette ettt ettt eit e bt e et e e bt e sab e e beesabeesbeeeabeenbeesabeebeesabeesaeesabeenseesnneens 481

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 21



Section number Title Page
30.4.1 PIT Module Control Register (PIT_IMCR)......c..coctiririiiiiiiiinieientcteeteicetese ettt st 481
30.4.2 PIT Upper Lifetime Timer Register (PIT_LTMRO4H).......ccccooiiiiiiiiiiiiiiiieeteeeeteee et 483
30.4.3 PIT Lower Lifetime Timer Register (PIT_LTMROAL)........cccoooiiiiiiiiinieerieeeseeeseee e 483
30.4.4 Timer Load Value Register (PIT_LDVAL)....c.cococeriiiiiiiiiiiiitetestetese ettt 484
30.4.5 Current Timer Value RegiSter (PIT_CV AL .....cociiiiiriiiiieeest ettt ettt 484
30.4.6  Timer Control Register (PIT_TCTRL).......cceiiiiieieiee ettt 485
30.4.7 Timer Flag RegiSter (PIT_TEFLG).......cotitiiiiiiiiieieeeee ettt sttt s 485
30.5  FUNCHONAL AESCIIPIOMN. ..ccuuiiiiiiiiieeiieeiie sttt ettt ettt sttt et e st e et e e s ab e e bt e s it e eabeesabeeabeessbeenseessbeenbeenasesabeenssesnbeesnsesnseenes 486
30.5.1  GENETAl OPEIALION. ......eiuieuieiieiirtietieterte ettt ettt et ettt et et eb e bt ae st b st et e st et eseeatesteseebeebesaesaeebenbe st et enensennen 486
30.5.2  IIEEITUPES. c..eeuteiieteettet ettt ettt et b e st b e et b e st e bt e st eb e et e e h e e s bt eatesb e embesb e em b e eb e enbeeb e et e ebt e bt eneenaeenaes 488
30.5.3  ChaiNEd tIMETS. .. .eouiiiiiiiiiieieie ettt e eb e bbbttt et et e e eae b b sae 488
30.6 Initialization and application INOIMAION. ..........coivirirtirierietetet ettt sttt ettt ettt ebe e st et be b naene 488
30.7 Example configuration for Chained tIMETS.......cccueitiriiriiiiirieie ettt ettt ettt ettt et sbe et saeenaesaeas 489
30.8 Example configuration for the lfetime tIMET.........cccuiiiiiiiiiniiiiecie ettt sttt e ebe e e s 490
Chapter 31
Low-Power Timer (LPTMR)
31.1 Chip-specific LPTMR INfOTTAION. .......eiitiitiiiiiiiieiie ettt ettt ettt e st e sabe e bt e eabeesbeesnbeeseesabeenseesanes 491
31.1.1 LPTMR instantiation infOrMALION. ........cecuirtierieeieieeierteeierte et ete st ete st este st eneeste et e eseeneeeseeneesneensesneenseeneas 491
31.1.2 LPTMR pulSe COUNETr INPUL OPLIOMS. ..c...erueeiiriieieriienteetenteeitentteteeteenteetteteeseesteestesbeetesbeessesbeenbesbeensessaenseans 491
31.1.3 LPTMR prescaler/glitch filter ClOCKING OPONS......cc.eiviiiiiiiriieiieiiteieerte ettt sttt e 491
) B 013 o T4 11 (el o) s SRS 492
BL2.1  FRAIUIES..cveeitiie ettt ettt sttt s et ettt e a e bbbt b e s b sa e b b s h ettt et et eae et 492
31.2.2  IMOAES OF OPEIALION. ...cueiiuiietieiieetie et ette sttt e sttt et te st e et e e sateeabeesateesbeesabesabeesateenbeesabeenbeessseenseenssesnbeenssenases 493
31.3  LPTMR SIi@NAl AESCIIPLIONS. c..ueeuiiuieiieiietietirttetteteste sttt ettt ettt eb et e bt s bt sae et e b se et et s et esseateneeneeseeaeeueeteebesaesaenen 493
31.3.1 Detailed sigNal deSCIIPIIONS. ..c..eeuvirtieiiirtieitittete ettt ettt ettt et b e e sb et e bt et ebee bt et e sbeestesbeenbesbeenbesaeens 493
31.4 Memory map and 1€ZiSteT defINTION. .....c.eeviiiiiiiriiitieete ettt et e st e et e s it e e bt e sateeabeesebeeabeesaseenseenanean 494
31.4.1 Low Power Timer Control Status Register (LPTMRX_CSR)....c.cooiiiriiiieiiieeeeeeee e 494
31.42 Low Power Timer Prescale Register (LPTMRX_PSR)........ccociiiiiiiiiniiieeecee e 495
31.4.3 Low Power Timer Compare Register (LPTMRX_CMR)......ccccocimiiiiiiiiiiiieeieeeeeeieesee et 497

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

22

NXP Semiconductors



Section number Title Page
31.4.4 Low Power Timer Counter Register (LPTMRX_CNR).....cc.coceeviiriiniiiiniiieneienitccieeeetee et 497

31.5  FUNCHONAL AESCIIPIOMN. ..ccuuiiiiiiiiieeiieette ettt ettt ettt et e st e e s ht e e bt e s st e et e e sabeeabeessbeeaseessbeenbeenstesabeessbesabeesnbesnseenns 498
31.5.1  LPTMR POWET QN0 TESEL....c.eeuiruiruirtinterieteteteteiteeteeteutettete ettt st st b e e e st enteseeseeseeutebesbesae st essesaenaennennens 498
31.5.2  LPTMR CIOCKING. c...cutieititiiititieiteeieete sttt ettt ettt sttt e b et st e bt s bt e besbb e bt eb b e bt esbesbeeanesbeenee 498
31.5.3  LPTMR prescaler/GItCh fIlLer.......coouiiiiiiiiiiiieiee ettt sttt sttt sat e s b e 498
31.5.:4  LPTMR COMPALE.....cuieuiitieiitieieettete et ettt ettt ste et e bt et et e ea e e bt eaee et e eneeesee st saeebeemeebeeneebeessenbeeneenseeneenseenes 500
31.5.5  LPTMR COUNET...c..euiiiiiieiieiieiieiieiteit ettt sttt sttt ettt ettt eb e bbb s ettt eseeneeueebeenesaeas 500
31.5.6  LPTMR DardWare tri@ZET......ceeveetierieeiiesiieeiteeite et e et et e st et esateenbeesate e bt e sabe e bt e sabeebeesabeebaessseebeesnseanbeens 501
3157 LPTMR INEEITUPL. c..cveueetiteiirteiisteetetet sttt ettt ettt sttt ettt ettt e b et b et eb et eb e s be st bt st st st st et et ebenea 501

Chapter 32
Cyclic Redundancy Check (CRC)

R 120 B 015 (o T4 11 (el o) | OO OSSR PTURPRRRRTON 503
B2 101 FRATUIES. ..ttt ettt ettt e h b sa b ettt ettt 503
32.1.2  BIOCK QIAGTAIMN....ueiiiiiiiiiiiieeiie ettt sttt et ettt et e s et et e s ab e et e sht e e bt e sbeeea bt e sateeabeessbeenbeesaneenbeenaees 503
32.1.3  MOAES Of OPEIATION. ....c..eeuiitieitietieteetieste ettt et et e et eat e e bt enb e et e et e es e e bt eaeesaeemeeeseemeesbeemseeseenbeeseenteeneenseeneeseenes 504

32.2  Memory map and re@iSter AESCIIPLIONS. ......ceouirtirtirtireiterteet ettt ettt ettt ettt et et e ste et e sbeeatesbe et e sbeentesbeenbeebeenteene 504
32.2.1 CRC Data re@ister (CRC_DATA).......cciiiiiieiieeeereereee ettt 505
32.2.2 CRC Polynomial register (CRC_GPOLY )....cccuiiiiiiiiiiieieitee ettt st st 506
32.2.3 CRC Control re@ister (CRC_CTRL)...c..cortiiiiiiiiieeteieeteitet ettt sttt sttt et 506

32.3  FUNCHONAL AESCIIPION. ..ccuuiiiiiiiiieeiieeite ettt ettt ettt et e st et esat e e bt e s it e et e e sateeabeesabeeaseessbeenbeenseeeabeessbesabeesnbesnseenns 507
32.3.1 CRC initialization/TeINItHAliIZAION. .........eiueeieitieieetiete ettt ettt ettt st ettt et e st e e e st e beeneesteeneesaeeneeeees 507
32.3.2  CRC CAlCUIALIONS. .......iiiiiiiiciecicceee ettt sttt e eae e 508
32.3.3  TIanSPOSE FRALUTE.....cccueiiuiiiiiiiitieiite ettt ettt sttt ettt e b e st e bt e st e e bt e sabe e bt e sabe e bteeabeenbeesnbeenseesateas 509
32.3.4  CRC reSult COMPIEIMIENL. ......co.eiitiiiiiitieieiteeie ettt ettt ettt ettt ettt e s bt et e s bt et e e b e enbeeseenteeseeteeneenbeeneeseeeneenaes 511

Chapter 33
Universal Asynchronous Receiver/Transmitter(UART)

33.1  Chip-Specific UART INFOIMNATION. .......oitiiiiitieititieie ittt ettt ettt ettt et esa e e tesaeebe e st ebeeseenbeeseebeeneenseeneeeaeenes 513
33,11 UARTZ OVEIVIEW. ..utiuiiiiiiieiiiiiiiieit ettt et sttt ettt et eat et b st sse s e nnens 513

332 INEFOAUCTION. ...ttt e a e s s h bbbttt a e e e a e s 513

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 23




Section number Title Page
33201 FRATUTIES. ...ttt ettt e h b e b e s e ettt et 513
33.2.2  MOAES OF OPEIALION. ...cueiiiiiitieeiieette ettt ettt et e st et e s at e et e e sht e eabeesbeeeabeesabeeabeesabeeabeesbbeenbeenstesnbeenanesabes 515

33.3  UART SIi@NAL AESCIIPIIONS. ..c..eeutitieutietieieetiete ettt ettt ettt et st e et e b e bees e et e eue e et este bt eseesseeneeeaeensesseenbesseensesseenseeneansens 516
33.3.1 Detailed sigNal deSCIIPLIONS. ..c..ceuvirtiitirtieitietietiettete ettt ettt sttt sttt ettt ebt et estesbeestesbeenaesbeennesieens 516

33.4  MemOTry MAP ANA TEZISTETS. .euuterureitieriteettertteeteeette et e e stteetee sttt e bt esheeeabeesaeesabeesabeeabeesbteenseenseeeabeesstesabeessbeenseesaseenseenanean 516
33.4.1 UART Baud Rate Registers: High (UARTX_BDH).....cc.cccoiiiiiiiiiiiee ettt 518
33.4.2 UART Baud Rate Registers: Low (UARTX_BDL).....cccoiiiiiiiiiiiiiiiieneeceeseeesteeseee e 519
33.4.3 UART Control Register 1 (UARTX_C1)uuiiiiiiiiiiieeieeieeeetestt ettt ettt ettt et e e s eaee e 519
3344 UART Control Register 2 (UARTX_C2)....ccimiririirieniiieieieieeeiiet ettt sttt ettt sae s 521
33.4.5 UART Status Register 1 (UARTA_ST).c.eoiiiiiiieieee ettt s 523
33.4.6 UART Status Register 2 (UARTA_S2)....ccoiiiiieiieiieeiie sttt ettt sttt ettt siaeebeesasesnbeesanesnbeas 525
33.477 UART Control Register 3 (UARTX_C3)....ccooiiimiiiiiiiiiiieieeeentetese ettt et et 527
33.4.8 UART Data Register (UARTX_D).....couiiiiiieieiieieeeeee ettt ettt ettt seeeaesaeeaeeaean 528
33.49 UART Match Address Registers 1 (UARTX_MAL)..c..cooiriiiimiiniiiineeieeeteeeeeeee et 529
33.4.10 UART Match Address Registers 2 (UARTX_MAZ)......ooiiiiiiiiiiiiieieeeie ettt sttt ettt 530
33.4.11 UART Control Register 4 (UARTX_C4)....ccuieiieieeeieee ettt ettt et sae e s aesneeaesneens 530
33.4.12 UART Control Register 5 (UARTX_CS5)....oouiiiiiiiiiiieneetenieete sttt ettt st st s 531
33.4.13 UART 7816 Control Register (UARTX_CTE16)......cccuieiiiiiiiiieiiieiteeit ettt ettt st eiee b eiee e 532
33.4.14 UART 7816 Interrupt Enable Register (UARTX_IET7816)....c.ccceouriririniririnienenieieieeeeeeeeeieeeeeie e 533
33.4.15 UART 7816 Interrupt Status Register (UARTX_IS7816).....ccerieiiiiiiiiieiiiieieeee e 535
33.4.16 UART 7816 Wait Parameter Register (UARTX_WPT7810)......ccccoceeviriininiiniiiiniieienciceccceeeeeeene e 537
33.4.17 UART 7816 Wait N Register (UARTX_WNT7810)......ccceouriiririiiiiieieiceeeeeeeeeeeeeee e 537
33.4.18 UART 7816 Wait FD Register (UARTX_WE7810)......ccoceoiririiiinieiinieinieinientetrte et 538
33.4.19 UART 7816 Error Threshold Register (UARTX_ET7816).....c.ccccieiiririiiniiiiiiiieniieiesiteesieeeeeeeee e 538
33.4.20 UART 7816 Transmit Length Register (UARTX_TL7816)....ccccccciiriiriiiiiiiiiieiieiieeie et 539
33.4.21 UART 7816 ATR Duration Timer Register A (UARTX_AP7816A_TO)...c..cceoveveeiririninincneneneneneeene 539
33.4.22 UART 7816 ATR Duration Timer Register B (UARTx_AP7816B_TO).....cccceceeruirieniiiinieeieeeneeeiee 540
33.4.23 UART 7816 Wait Parameter Register A (UARTX_WP7816A_TO).....cccovimiiniriininiinienicneerenieeiceieeiene 541
33.4.24 UART 7816 Wait Parameter Register A (UARTX_WP7816A_T1)....ccccoviiriiiiriinicieineeeseeeeeeeees 541

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

24

NXP Semiconductors



Section number Title Page
33.4.25 UART 7816 Wait Parameter Register B (UARTX_WP7816B_TO).......ccoceerueririeniriinieienieiceieeeeeeeee 542
33.4.26 UART 7816 Wait Parameter Register B (UARTX_WP7816B_T1)...cccccocuiriiiiniiiiiiieeiieieeeeee e 542
33.4.27 UART 7816 Wait and Guard Parameter Register (UARTX_WGP7816_T1)....cccoccveiirieiiniieireeeenee, 543
33.4.28 UART 7816 Wait Parameter Register C (UARTX_WP781O0C_T1).c..cccceveriiriiiiniiienieenieieeeeeeceee e 543

33.5  FUNCHONAL AESCIIPIOMN. ..ccuuiiiiiiiiieeiieeiie sttt ettt ettt et e st e et e e s at e e bt e s it e eabeesabeeabeessbeeaseessbeenbeenaeesabeenstesnbeesnsesnseenes 544
0 e T B I 111531011 ) RSP TRTPR 544
33.5.2  RECEIVET...uiiiiiieiieieet ettt ettt e a b b s a et s a ettt ettt ea bbbt bt ae et 548
33.5.3  BaUd 1At ENETALION. ..cu.eiiuiiitieriieetiesteetee ettt et te sttt ebte st e sabeesabeeabeesteeanbeessbesabeesstesnbeesabeenbeessseenseenssesabeensnesases 560
33.5.4 Data format (NON ISO-7810)....cueiiiieiieeieeiie ettt ette et et e e be e s v e e beestaeebeesseeesbeessseenseessseanseessseeseenseas 562
33.5.5  SINEIE-WITC OPEIALION. . ..evteuteetientieitenteete et et ettt stt et e et e bt es b e bt eate et e esteebeen bt ebee bt eseenbeesbesbeembenbeenbesbeensesbeenteane 565
33.5.0  LLOOD OPCTALION.....eeutieiiteitieriieette sttt eite sttt e bt e sttt ebeesabeesteesabeesateesbeebteesbeenbeesabeenstesabeesstesabeesaeenbeensnesnbeenseesnseas 565
33.5.7  ISO-7816/SMArtCArd SUPPOTL....ccueruierirtetititeteteiteetetettett et ettt sttt se et et et et ebee st eaeeatebesbeseestensenaenaennennens 566

3310 RESEL. ittt ettt et h e a e bbb sttt h e s a et ettt et eb et b e bt sae et sbe s 571

33,7 SyStem 1EVE] INLETTUPL SOUTCES. .. .eeruverutieriieeieeitteeitesiteettesite st e stteeteesbteeabeesbeesabeesstesateeseesabeenseeeaseenbeesaseenseesaseenseenasenn 571
33.7.1  RXEDGIF @SCIIPION. ...ttt ettt sttt sttt ettt eatebeebe s bt saeste st e sa et et et estenseaeeneebeebesueseeas 572

33,8 DIMA OPCIALION. c..euteutiitenteettentteite st ettt ettt et et et ebt et e ehte st e eatesbeeatesbeembesbeembeeb s em bt eb e et e eb e et e enteebeemtesbeenaesbeenaesbeenbessnens 573

33.9  APPLICAION INTOTIATION. ..cutieiitieiieeiteetie ettt ettt ettt e et e st e e bt e sab e e bt e steeabeenaeesabeessteeabeesbesabeenseesnseenseesnbeanseenases 574
33.9.1  ISO-7816 initialiZation SEQUETICE. .....c.erverterirenreireateitettettete et et sttt st ettt et ebe et ebesaeebesbeseestensesaenaennennens 574
33.9.2 Initialization sequence (NON ISO-78160)....c..cocuiriiiiiiiiiiiiieieeee ettt 575
33.9.3  Overrun (OR) flag iMPICALIONS. .....eeuiiriiiiiiieriteiie ettt ettt et e st et e st e e satesabeesbaeesbeebeesnbeenanesnseas 576
33.9.4  Overrun NACK CONSIABTAIONS. ...c.eruirtitiieieieieieteiteit ettt sttt st sttt ettt eat et ettt sae et s b sae st eseneennen 577
33.9.5  MAtCh AddIeSS TEZISIEIS. .c..eeutieuietieiierteeteet ettt ettt ettt e bt et et ea et e st e e bt en bt e bt e bt s st enbe e st e sbeessenbeenbesbeensesbeenteane 578
33.9.6 Clearing 7816 wait timer (WT, BWT, CWT) INTEITUPLS......ceovvierieriieriienieeiiteeieeite ettt 578
33.9.7 Legacy and reverse compatibility CONSIAETAIONS. ......ccueoueiiieiiieieiieercrteetese sttt ettt 578

Chapter 34
Low Power Universal asynchronous receiver/transmitter (LPUART)

34.1 Chip-specific LPUART INfOIMAtION. .....c.ccctririririnirtinienentcietetet ettt ettt sttt ettt et ettt et sbe b et nen 581
34.1.1 LPUARTO and LPUART T OVEIVIEW....c..ccuiriiiiiiiieiieiiiiieiteitee sttt sttt ettt s 581

342 INIFOQUCTION. c...uiiiiiititiiti ittt a b e a e eh b b st s ettt et eae b e nesa e en e b saesaene e 581

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 25



Section number Title Page
BA.2. 1 FRAIUTIES...c.uiiitiiititetet ettt et sttt et e h b s h e b s a ettt et 581
34.2.2  IMOAES OF OPCIALION. ...cueeiiiiiiieiieetie ettt ettt bt e st et esate et e e s bt e eabeesbeeeabeesbeeeabeessbeeabeesbbeenbeenbeesabeenseesabes 582
34.2.3  SiNAl DESCIIPIIONS. 1.ttt ettt ettt ettt et et e te et esaeesee s bt e besbeenbeeseenbeeseenbeeae e bt eneesaeenseseeensesneesesneans 583
34.2.4  BIOCK QIAZIAIMN c..eiutiiiiiiiitiiieetee ettt ettt ettt sa e et b e et s bt e et e s bt e sttt et bt et eae ettt nae et nae 583

343 ReEZISIET AETINTLION. ....ciuiiiiiiiiiiiiie ettt ettt et e s h bttt e e at e et e e s ab e e bt e s bt e eabeesbbeeabeenabesabeessaesabeesnbeeaseenes 585
34.3.1 LPUART Baud Rate Register (LPUARTX_BAUD).......cccoiimiriiiiiiinientecreiesecestee ettt 586
34.3.2 LPUART Status Register (LPUARTX_STAT)....cctiiiiiirieeeeneetene ettt 588
34.3.3 LPUART Control Register (LPUARTX_CTRL).....ccceeiiiiiiiiiiiiiieiiteitecee ettt e 592
34.3.4 LPUART Data Register (LPUARTX_DATA).....ccuieirieirieirieiriesieietetet ettt 597
34.3.5 LPUART Match Address Register (LPUARTX_MATCH).......cccociiiiniiiiniiiienieieeeeeee e 599

34,4 FUNCHONAL AESCIIPIIOMN. ..ccuuiiiuiiiiieeiieetieeteet e sttt e sttt et e st e e bt e s abeeabeesateesbeesateeabeesaseeateessbeeaseessseenbeenssesnseenssesnbeesnsesnseenn 599
34.4.1  Baud rate ZENETALION. ....cueuteureuieueeiieiieieetteteete st et st sttt et et et e eateaeeue e bt s bt sbe et e besae st et et entensenteneebeeseebesaeebenbenaens 599
34.4.2  Transmitter functional deSCIIPIION. ....cc.ueitirtirtietirtiete ettt ettt sb e e b ettt et et e st et esbeeneenaes 600
34.4.3  Receiver functional deSCIIPLION. ... .iitierieeteeiieetteriteeieeete et et e st e stbe e bt esbbeesbeesatesabeesstesabeessseenseenseesnseeseens 602
34.4.4  Additional LPUART fUNCHONS. .....ccuteritiierieeieitieie sttt ettt et ette st eeesae e e sseetesseensesseenseeneeseeneenseeneesneenees 607
3445 Interrupts and STATUS TlAZS....coveiuiiiiiiiiiet ettt b ettt st sbe b saean 609

Chapter 35
Serial Peripheral Interface (SPI)

35.1  Chip-Specific SPT INFOITNATION. ....cuiitiitiriieitieiet ettt ettt sttt e bt et e bt ea et e e st e sbeesteebeentesbeenbesbeeaesaean 611

352 INEFOQUCTION. c...viiiiiiiticie et e e a b e bbb sttt et et eae bt aesa e n e b s sa e 611
B35.2.1  FRALUTES. ...ueeuteeiie ettt ettt ettt e b e ettt s et e bt e e a bt e bt e e at e e bt eab e e bt e bt e bt e e a bt e bt e et e e bt e ebe e aeeeateas 612
35.2.2  MOAES Of OPEIATION. ...c..eeuiiiieuiietiete ettt ettt ettt ettt ettt e st eh et eh e et e ea e e s bt eseesbeembesbeembeabeenbeebtenbeeseeteeseenbeenee 612
35.2.3  BIOCK QHAGTAIMNS. ...eoutiiiiieiieiiit ettt ettt sttt ettt et e sttt e s et e eab e e sab e e bt e sabeenbeeatesabeesasesnbeessseenseennseenseensnenn 613

35.3  EXternal s1ZNal deSCIIPLION. ....c..couiieiiiieiieiietieteit ettt sttt ettt et ettt b e bt sttt sbe st et e et et et et eaeestebeebeebesbesaeetesnenaens 616
35.3.1  SPSCK — SPI Serial CIOCK......c.trieuirieiirieiirieiiiteirieieiet ettt ettt ettt sttt bbb 617
35.3.2 MOSI — Master Data Out, S1ave Data IN..........uuviiiiiiiiiiiiiiiiiiieeeeeeeeeeceee ettt e e e e e e e e e s e eaaraaaaaaees 617
35.3.3 MISO — Master Data In, S1ave Data OUt...........ccoooiiiiiiiiiiiiiiiee et 617
35314 SS = SIAVE SCIECK. ...ttt et ettt ettt 617

35.4  Memory Map/Te@iSter AEfINTTION. ......eiitiiiiieiieiit ettt ettt ettt et e et e e stte st e e beesabe e baeeabeenbeesnseenseesabeenseennsens 618

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
26 NXP Semiconductors



Section number Title Page
35.4.1  SPI Status Re@iSter (SPIX_S)...ccuiiiiiiiieieee ettt sttt et 618
35.4.2 SPI Baud Rate Register (SPIX_BR).......coiiiiiiiiiiiiieie ettt sttt 622
35.4.3  SPI Control ReiSter 2 (SPLX_C2)....ccuiiieieeieeeeet ettt ettt ettt et ee e et eeesneeaeenean 623
35.4.4  SPI Control RegisSter 1 (SPLX_C1).cc.oiiiiiiiiiiieeee ettt s s 625
35.4.5 SPI Match RegiSter IowW (SPIX_IML)....cccuiiiiiiiiiiiieiieeiie ettt sttt et et st sanesabeas 626
35.4.6  SPI match register high (SPIX_MH)........cccoiiiiiiiiie e 627
35.4.7 SPI Data Register Iow (SPLX_DL)....cc.cccoiiiiiiiiiiiiiiiiteietse ettt ettt sttt 627
35.4.8 SPI data register high (SPIX_DH).....coocoiiiiiiiiie ettt s 628
35.4.9  SPI clear interrupt re@ister (SPIX_CI)..c..oiiiiiiiiiiee ettt s 629
35.4.10 SPI control 1eiSter 3 (SPLX_C3)....i ittt ettt ettt ettt ettt sae e e sseenaesaeebeenean 630
35.5  FUNCHIONAL AESCIIPLION. ..c..eiutiiiiiiitiete ittt ettt ettt ettt et s bt et sb e e st e sb e et s bt et e e bt e s bt eb s et e ebe e bt ebeesbeentesbeenaesueen 632
3551 GONETAL ...ttt 632
e T O Y T (S o 1110 T [T ORI 632
35.5.3  SIAVE MOME.......cuiiiiiiiiiiiieiiciiece ettt et sa e 634
3554 SPIFIFO MOGE......cocimiiiiieiiieiinicieieestet ettt ettt ettt s et sn e 635
35.5.5 SPI Transmission BY DIMAL.......cooiiiiiiiieieiiete ettt ettt et sttt b et e st e e e st e teeneeeteeneesaeeneeeaes 636
35.5.6  Data TransSmission Len@th........cccccoiiiiiiiiiiiiiiiiei ettt ettt st s saeens 638
35.5.7  SPIClOCK fOIMALS......couiiiiiiiiiiiiiiiiii e s st s 639
35.5.8  SPI DaUud rate ZENEIAtION. ..c..eeiuieuietieieeteeiteeti ettt ettt et et e ste et et e estesbeenteeseenteeseanteesee bt emtesneeneesseensesneensenneans 642
35.5.9  SPECIAL fRALUIES. ...c..eeuiiiieieitieteeitet ettt ettt ettt et b e st bt et e bt et eb e e bt e st e sbeeatesbeenbesbeenbesbeens 642
35.5.10 EITOr CONAILIONS. ...cviiiiiiiiiiiiiicicicee e st 644
35.5.11 LOW-POWET MOAE OPLIONS. ...cutitientteiieieetesttetesteetesteeteeseenteeseenteesea st eseesseeneesseensesseensesseenseeseenseeseeseeneenseenes 645
35512 RESCL...tiiiiieteee et h bbb s h ettt et h et a e b b s sa e 646
35.5. 13 IIEOTTUPES. e eteeuteetiteiteeite ettt et sttt ettt e bt e et e e bt e s ab e eab e e sab e e bt e e et e e bt e e st e en bt e sabeeastesabeesteeabeebaeenbeenbeeenbeenaeesateas 647
35.6 Initialization/application INFOIMALION. .....c.ceirtirtirirtit ittt sttt ettt ettt et et eae et be e seenes 649
35.6.1  INitialiZAtiON SEQUEIICE. ...c..eeutitieiiitieite et ettt ettt ettt et e bt ebt et eatesbe e st e s bt eabe s bt ebesbeebesbe e bt eb b et e ebsenbeeseenbeenee 649
35.6.2  PsSeudo-Code EXAMPIE.......cccuiiiiiiiiiiiieiiieiteete ettt ettt ettt et st e sttt e sh e st ba e et e e bt e e be e ateeateas 650
Chapter 36

Inter-Integrated Circuit (12C)

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 27



Section number Title Page
36.1  Chip-specific I2C INFOrMAtION. ......coeiiiiiiiiiiieteetee ettt ettt ettt et s bt et sae et sbeeaesbeebesanens 655
36.1.1 I2C instantiation INFOrMATION. .........ciiiiiiiiiiiiiiiiicicc e e 655
30.2  TITOAUCTION. ...ttt ettt ettt et ettt ettt e st e et e ueem e e e bt em b e e bt em b e e st em bt eaeem et em e e bt emeeebeemeeeaeentesseensesbeenseeseenbeeneenteans 655
30.2.1  FRAIUIES...c.uititiiiititetet ettt sttt h b sa et s h ettt et 656
360.2.2  MOAES OF OPCIALION. ...c.ueeiuriiiieeiieitte ettt ettt ettt et e st eb e e sttt et e e shb e e bt e sbe e eabeesabeeabeessbeeabeesbbeenbeenbeesabeenneesases 656
30.2.3  BLOCK QIAGIAIMNc..ccutitieiie ettt ettt ettt et e et et e s bt et e e bt e st e e b e en e eh e et e e st e bt ene e bt et e nbeeneenas 656
30.3  T2C SIZNAL AESCTIPIIOMS. ¢.u.eutiiteutieitete ittt ettt ettt ettt ettt e ht et e bt e sbe e st e sbe e st e sbe et e s bt eab e e bt et e eb s et e ebe e bt eseesbeentesbeenaesbeen 657
36.4  Memory Map/Te@iSter AEfINTIION. . ....eitiiriiiiieiit ettt ettt et sb e et et e st e bt e sab e e bee s bt ebeesabeenbeesabeebeesanean 658
36.4.1 12C Address RegiSter 1 (I2CX_AT)..couiiiioiee ettt ettt ettt sttt be et e eaee e ene 659
36.4.2 12C Frequency Divider re@ister (J2CX_F)......coouiriiiiiiiiiiiieeeeee sttt 659
36.4.3  12C Control ReZISIET 1 (I2CX_C1)uuuiiiiiiiiiiieiiieieesie ettt sttt ettt st e st st e st e eabeesateebeenaees 660
36.4.4  T2C Status re@IStEr (I2CX_S)..cuteieitieieetieieet ettt ettt ettt ettt e e e et e e e st et e enee s st eneesaeeneesneenseeneeneeneens 662
36.4.5 T12C Data I/O re@ister (I2CX_D).....eiuiiiiiieieeieeieeeeee ettt ettt ettt st ae et sae e bt enaenaeas 664
36.4.6 12C Control ReZISIET 2 (I2CX_C2).uuiiiuiiiiieiieiieeiee sttt ettt ettt et e site bt este e e bt esateeabeesabeenseesnseenseenanas 664
36.4.7 12C Programmable Input Glitch Filter Register (I2Cx_FLT).......cccccciiiiniiiiniiiieienicieeeeeeeeieeeeeeee 665
36.4.8 12C Range Address register (I2Cx_RA)....coui it 667
36.4.9 12C SMBus Control and Status register (I2CX_SMB).......cccccoiriiniiiiniiieniieeeeeee e 667
36.4.10 I2C Address Re@IStEr 2 (T2CX_A2)...iuiiiiieiieeieeete ettt ettt ettt ettt e st et e st e e bt e sbeesbeesaneenne 669
36.4.11 I12C SCL Low Timeout Register High (I2CX_SLTH)......cccccectrvtriminininieneneiecteeeteeeeee e 669
36.4.12 12C SCL Low Timeout Register LOW (I2CX_SLTL)....cccccoctiiiriiniiienieieneeesieeieeeeee et e 670
36.4.13 T2C Status re@iStEr 2 (J2CX_S2)....ieiiieiieiieeiieeie ettt sttt sttt sttt e s be e bt e sabeebeesabeebeesaseenbeesnbeeseenas 670
36.5  FUNCONAL AESCIIPHION. ..c.viutiiiiteiienieiieiteiteit ettt ettt ettt ettt ettt eb e bbbt s bt sttt b et et et et et easeatebeebeeaesbesaeebesbenaens 671
30.5. 1 T2 PIOTOCOL...cuientieiiiiieeet ettt b et h et a et ea e s bt e st e sbe et e sb e et e eb e et e eb e et e ebe et e ene et enee 671
36.5.2  10-DIt @AISS...c..eiiiiiiiiiiiicicicc e et st 676
36.5.3  AdAress MALCHING.......ccveiiuiiiiiiiien ettt ettt bttt ettt ettt b bbbt ae e 678
36.5.4 System management bus SPECITICATION. ....c..eeutertiriiriieierteete sttt ettt et et sbe e i 679
30.5.5  RESLIS...uiiiiiiiiiitiee e h bbbttt 681
360.5.0  INEETTUPLS. c..evititertietet ettt ettt ettt ettt st b ettt ettt ea e e st eu e e bt e bt e bt b e s bt se et e b st et et et et e s et eateneeueeaeene 681
36.5.7 Programmable input GIItCh FIIer........coouiiiiiiiiiiiiiieee e 684

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
28 NXP Semiconductors




Section number Title Page
36.5.8  Address MatChing WaKeE-UP.......cc.cecuiriiiiiriiiiinieieiieeet ettt ettt sttt st ettt sbe ettt ebesbe et ene 684
30.5.9  DIMA SUPPOTL....eiutiiiitieiteeitt et te ettt ettt et e st e bt e sat e e bt e s ate s bt esabeeabtesabeeabeesateeabeesabe et ee s st e eabeeshbeenbeenabeebeennbeeabes 685
36.5.10 Double BUFFEring MOAE. ......ceeiiuieiiiiieie ettt ettt ettt ettt et s b et esb e e e e st ebeesee bt eneesaeenees 686

36.6 Initialization/application INFOTMATION. ...c...couiiiiriieiiriietieet ettt ettt et et s eae s e e saeen 687

Chapter 37
FlexlO

37.1  Chip-specific FIEXIO INFOIMAtION. ....cc.ceotiriiriiiiiiiiierteitercetert ettt ettt et et sbe et bt et sbe et st e b saaeteeae 691
3711 FLEXIO oottt ettt e b et a et eaeaee 691
37.1.2  CIOCK OPLIOMS. ...ttt ettt ettt sttt ettt ettt et eb e b e b e sae ettt e st et ee st eaeeaeeueeueebesuenaens 691
37,13 TIIZEEI OPLIONS. ¢ .eeuteitintieititeeet ettt ettt ettt eb et eat e bt e et s bt e et e bt eab e e bt e st e ebeemt e e bt e bt e bt e sbeeatesbeembesbeembesbeenseebeenneane 691

37.2  INEFOAUCTION. c...eiiiiiiitii e a b s s h bbb d e e a e s en b s 692
3721 OVRIVIBW..etieuieitiete ettt ettt ettt e e ett et et e e teea e e et ea e e bt e et e bt em e e bt em b e e bt em e e es e em bt eaee bt emee bt eateabeemteabeentenbeenseeneenteane 692
3722 FRAIUIES...c.eiuitiieititetet ettt sttt et ettt et h b b s a bbbttt et 692
37.2.3  BIOCK DIQZIAM.....eiuiiiiiiiiieiieeite ettt ettt ettt e b e e e st e bt e st e e bt e s bt e sbtesab e e bt e enbeebeesnbeenstesateas 693
37.2.4  MOAES Of OPETALION. ...c..eutiueiuieiieiieiiiiieit ettt sttt ettt et ettt st ettt b e sae et et et ess e eneebeeseeuesueebesbesaens 694
37.2.5  FlexIO Signal DESCIIPLIONS. ...c..ooutitirtiiiieiieieeiterie ettt ettt ettt ettt ettt sae et sbeesaesbeesbesbeebesbaeaeene 694

37.3  Memory Map and REZISIETS. .. ..coiuiiiiiiiiiiieiitesite ettt ettt et e s bttt e bt st e bt e sab e e sbtesabe e bt e sabe e bt e eabeenbeesabeeseenanes 694
37.3.1 Version ID Register (FLEXIO_VERID)......ccccitiiiiiiiiiieiieieie ettt 696
37.3.2 Parameter Register (FLEXIO_PARAM)......cciiiiiiiiiiiiete ettt 697
37.3.3  FlexIO Control Register (FLEXIO_CTRL).......coittiiiiiiiiiieiieeieeniteeeeeite ettt ettt 698
37.3.4  Shifter Status Register (FLEXIO_SHIFTSTAT)....cccotriimiirereieeeneeesee ettt 699
37.3.5 Shifter Error Register (FLEXIO_SHIFTERR)......cccoctoiiiiiiiniiiiiiiienicesicteeieee ettt 700
37.3.6  Timer Status Register (FLEXIO_TIMSTAT).....cootiiiiiieieiiee ettt sttt st et 700
37.3.7 Shifter Status Interrupt Enable (FLEXIO_SHIFTSIEN)......ccoiiiiiiiiiiiiiieiieeteeee e 701
37.3.8  Shifter Error Interrupt Enable (FLEXIO_SHIFTEIEN).......cccoiiiiiiiiiininiinientcecresieereeieete e 702
37.3.9 Timer Interrupt Enable Register (FLEXIO_TIMIEN)......cccccoiiiriiiiiiiienieeiteeeeeiee ettt 702
37.3.10 Shifter Status DMA Enable (FLEXIO_SHIFTSDEN)........ccovtiiiiiriieiinieiiietnteerteeereesiee e 703
37.3.11 Shifter Control N Register (FLEXIO_SHIFTCTL)....ccccoctiriiiiniiienienienieetesieeeeie ettt 703
37.3.12 Shifter Configuration N Register (FLEXIO_SHIFTCEGRR).........ccoctiriiniiinienieeiieeieete et 705

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 29



Section number Title Page
37.3.13 Shifter Buffer N Register (FLEXIO_SHIFTBUFZ).......cccocotiiiiiiiiiiiiiieneeeeeceseee ettt 706
37.3.14 Shifter Buffer N Bit Swapped Register (FLEXIO_SHIFTBUFBISH)......c..cccccecerieiniiniincincncerceeiees 707
37.3.15 Shifter Buffer N Byte Swapped Register (FLEXIO_SHIFTBUFBYSA).......ccccoeveriiriiiiiiieinincneeenenene 707
37.3.16 Shifter Buffer N Bit Byte Swapped Register (FLEXIO_SHIFTBUFBBSH).....c.ccceevirieniniiiiniciieeeen 708
37.3.17 Timer Control N Register (FLEXTIO_TIMOCTLI)....cc.coriiiiiiniieiiieniieeieesiie ettt ste et 708
37.3.18 Timer Configuration N Register (FLEXIO_TIMCEGR).......ccccceourtririninininenenteteieneeteseeeeeieeie e 710
37.3.19 Timer Compare N Register (FLEXIO_TIMCMPR).......ccccccccuiiiiminininiintinenieseieteteeereeee et 712

37.4  FUNCHONAL AESCIIPIION. . ceuuieeuiiiiieeieeiie et ette st e e sttt et te st e ebeestbeeabeestbeesbeensteenseessseenbeesaseenseessseensaenssesnseenssesnseesssesseenes 713
37.4.1  SHIfter OPEIATION. ....cuuiiiiiiiiiieieit ettt ettt st ettt s b e e b e e e bt e s e bt eanesaeesnesaeennesaeennesanen 713
37.4.2  TIMEE OPCIATIOM. ¢.. eutteuietieuieetteteettete et ete et et e et te bt eseesteeatesa e e bt e s ee bt ssee bt esee b e emee bt emteeseenteesee bt eneenbeeneesbeensensean 715
37.4.3  PIN OPETALION. ....uieitiieiieeiieette et etee st ette sttt eteesateebeeesbeesteesabeensteseseensaesaseenseessseenseesabeenseesaseenssesnseenseesnsesnseesns 717

37.5  Application INFOIMAtION. .......cocuiiiiiiiiiiiiiiee ettt ettt et s e sbe e e n e eenesaeenne 718
37.5.1  UART TTANSIL. . c.eetenietiietiiettrtet ettt ettt ettt ettt sttt b ettt et ettt b et ek et ebese bt st eb e st esentesesteneeteneas 718
37.5.2  UART RECRIVE.....ccuiiiiiiiiiiiiiiiiciici ettt ettt et b e s st 719
37.5.3  SPIMASIET ..ottt 721
37.5:4  SPISIAVE...eiiitiiiiirtcet etttk h bbbttt b ettt ettt be st b 723
3755 T2C MASEET.c.uiiiiiiiiciiie ettt e a bbb ettt et 725
37.5.:0  I2S MASIET..c.ecuiiiiiieiiecieeee ettt sttt h e et h sttt ettt e e 727
3757 128 SIAVE.c. ettt h bbbt b bbbt b ettt 728

Chapter 38
General-Purpose Input/Output (GPIO)

38.1  Chip-Specific GPIO INFOIMAION. ......ccuiitirtietieiiett ettt ettt ettt ettt ettt e bt e et e sb e et e sbeeatesbeenbesbeenbesbeenbeeneentens 731
38.1.1  GPIO instantiation INfOrMALION. ........cc.ivuiiiiiiiiiiiiieieie et s 731
38.1.2  GPIO accessibility in the MEMOTY MAP....ccc.utertieriieitieeie ettt ettt ettt e site et e e st e e bt e sbaeebeesbeesbeesaeesares 731

38.2  TITOMUCTION. ...ttt ettt ettt ettt e a e st e e s bt e st e s bt ea b e e bt em b e e b e embeeueem et eate bt emeeebeemeeebeembesbeenbesbeenseeseenbeeneentens 732
38.2.1  FRAIUIES. ...ttt ettt e a b e b e sttt e 732
38.2.2  IMOAES OF OPEIALION. ...cueeiiiiitieiieetee ettt ettt et e sttt et e sab e et e e sht e e bt e sbe e e bt esaee st e esabeeabeesbbeenseenbtesbeenneesabes 732
38.2.3  GPIO SiZNAl AESCIIPLIONS. ..cueitieuiitieiteetiete ettt ettt ettt et e bt e e e s bt et e sbt et e eb e et e eseenbeesee bt eaeenbeeneesseentesaeensesnean 733

38.3 Memory map and re@ister defINItION.......cc.ceouiriiiiiiiiriiiieet ettt sttt st sttt 734

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
30 NXP Semiconductors



Section number Title Page
38.3.1 Port Data Output Register (GPIOX_PDOR)......cccocoiiiiiiiiiiiiiiieeseetceee ettt 735
38.3.2  Port Set Output Register (GPIOX_PSOR)......cccuiiiiiiiiiii ittt ettt ettt st 736
38.3.3  Port Clear Output Register (GPIOX_PCOR).......ccccueiiiiiiiiiiiriienenesteteteneteteteeet ettt 736
38.3.4 Port Toggle Output Register (GPIOX_PTOR).......ccccooiiiiiiiiiiiiiieieeeeeeeeee et 737
38.3.5 Port Data Input Register (GPIOX_PDIR)......c..ccocuiiiiiiiiiiieiiieiecit ettt sttt et e 737
38.3.6  Port Data Direction Register (GPIOX_PDDR)........cooitiiiiiiiiiiiieiieteee ettt 738
38.4 FGPIO memory map and re@ister defiNition. .........cocueiuiiiiriiiiiiieie ettt ettt sb e et sbe e 738
38.4.1 Port Data Output Register (FGPIOX_PDOR).........cccciiiiiiiiiiiieeiiesitetestt ettt ettt et s 740
38.4.2  Port Set Output Register (FGPIOX_PSOR)......ccccoiiiiiiiiiieeeeree ettt 741
38.4.3 Port Clear Output Register (FGPIOX_PCOR)........cciiiiiiiiiiieieiee et s 741
38.4.4 Port Toggle Output Register (FGPIOX_PTOR).......cccoooiiiiimiiniiiiniieeeeeeeeee e 742
38.4.5 Port Data Input Register (FGPIOX_PDIR)........c.cootiiiiiiiiiiiiiieie ettt sttt e 742
38.4.6  Port Data Direction Register (FGPIOX_PDDR).........ccciiiiiiiiieiieiere et 743
38.5  FUNCIONAL AESCIIPLION. ..c..eiutiiiitieiiete ittt ettt ettt et e e et e st s bt et esb e e st e s bt et e e bt e bt eb e et e eb e et e ebeeebeeneesbeentesaeeneennean 743
38.5.1  GENETAl-PUIPOSE TNPUL...cuuriiutieriieetieeteette sttt eite et et e st e eteesabeetee sttt eseesabeenbeesaseenbeesabeenseesaseeseessseenbeesnseanseess 743
38.5.2  General-purpoSe OULPUL..........cccuiiiiiiiiiiieiieteeteete ettt ettt ettt st st b e e e s bt e s e eseeneeaeesaeeanesaeeanesaees 743
38.5.3  TOPORT ...ttt ettt ettt et b e e bbb ettt ettt eaeeae s 744
Chapter 39
Bit Manipulation Engine (BME)
30,1 INEFOQUCTION. c..eeiiiietiteite ettt ettt ettt et ea e bt b e s ae st b b st ettt et eae et eaeebe e bt sae b e b sae e e nene 745
BO.1.1  OVEIVIEW .ottt e bbb sttt et b e e a et b e sa b 746
BO.1.2  FRALUTES. ....ueeuteeiie ettt ettt ettt ettt e b e st et e s et e bt e e a bt e bt e e st e e bt e eab e e bt e e abe e eb b e e et e e bt e et e e bt ebeeeateeatean 746
39.1.3  MOAES Of OPEIATION. ...c..eeutitieuiitiete ettt ettt ettt ettt ettt eh et eb e e bt ebtesae e st e st e emtesbeesbesbeenbeebeenbeebeeteeneebeenee 747
39.2  Memory map and 1€ZiSteT defINTION. .......eovitiiiieriietieeteetee ettt ettt et e et estt e e bt e sabe et e e sabesabeesaseenseenanean 747
39.3  FUNCHONAL AESCIIPIION. ..ttt ettt ettt ettt ettt b e bt e b e bt bt se et bt et et et et easestebeeueebesbesaeebenbenaens 747
39.3.1  BME d@COTAEA SLOTES.....c.eeuviureuiiiiuiiiiettetiete sttt ettt ettt ettt et ettt b e s et e sa et e et et ebeeae e 748
39.3.2  BME decorated 10ads..........ccociiiiiiiiiiiiiiiiiiiicicic e 755
39.3.3  Additional details on decorated addresses and GPIO aCCeSSES......c.couriruiriirirenienienieieieieteeeeee e 761
39.4  APPliCAtion INTOIMATION. ... .eiutetiitieieetiete ettt ettt sttt e e b et e b et e eb e et e eate bt esee st e eseesbeenbesbeenbesbeenbesbeenbeeneenteens 762

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

NXP Semiconductors 31



Section number Title Page
Chapter 40
Micro Trace Buffer (MTB)

L0 T 113 Vo L1 s (o)  FO OO OO 765
AO.T.T  OVEIVIBW...uiiiiiiiiiiciiie ettt sttt et ettt et e a et ea e ea e bt e b sa bbb n e nens 765
40.1.2  FRALUIES. ...couiiiiiiiiiiiiiiiic et e b bbb 768
40.1.3  MOAES OF OPETALION. .....ueiuieuieiieiietietieterte sttt ettt ettt et et a e bttt se et be et be e et e st e e eae et e bt eueebe bt saeebe b ee 769

40.2  EXternal SIZNal deSCTIPIION. c..ccuteutirtiriiirteeterte ettt ettt ettt ettt eb et ebt e sb e et e s bt et e s bt et e s bt esbesbeesbeebe et e ebeenteebeenaeeae 769

40.3 Memory map and re@iSter AEfINTON. .......eiuiiiiiiiiiiitie ettt ettt sttt eab e st e e bt e bt e s bt e sabesabeesabesnnee e 770
40.3.1  MTB_RAM MEMOTY MAP......ciiiiiiiiiiiiiieee ettt ettt ettt sttt e bttt e sbe e e bt e sbe e sateesseesanes 770
40.3.2  MTB_DWT MEMOTY MAP....c.uirtiriiritiniiitiieeitente ettt ettt ettt ettt ettt et st e saesatesbeeebesbe e b e sbeestesbeenteebeeneenaee 782
40.3.3  System ROM MEMOTY IMAD......coiuiiiiiiiiiiiteiieeie ettt sttt ettt sat e bt e st et e sab e e bt e sateebeesaseenbeesabesneenas 792

Chapter 41
Flash Memory Module (FTFA)

411 INEOAUCHION. ...ttt et s e e b a e eb bbb 797
AL.10T FRAIUIES. ..ottt ettt ettt s e et e e bt et e bt e e bt e ea et et e e sat e e st e e b et e bt e e bt e e bt e ebe e et e e saneeateeneee 797
4112 BIOCK DIQGIAIM. c..cutiiiiitiiiiieeiteteet ettt et b et bttt et ae et s bt et nbe et sbe et sbe e e sbeenee 798
AL.1.3  GIOSSATY . uutteutieeiieette ettt sttt et h e et b e et e bt e sa bt e bt e e at e e bt e e st e e bt e e ab e e bt e ea bt e bt e ea b e e b teeab e e bt et e e bt e et e e nhbeeaneenne 799

41.2  External Signal DESCIIPIION. .....ccutiiiitietietieteetiett ettt ettt ettt ettt e bt et e bt eat et e es e e et e eneeeaeebesseebesaeenbeemtenbeensesbeeneeeneenes 800

41.3  Memory Map and REZISETS. .....cuerutitiriiiiriieieetee ettt ettt ettt ettt et et st e b bt e b sb s e b e ea s e bt eat e bt et e sbeenaenae 800
41.3.1 Flash Configuration Field DeSCIIPON. .......ccoutiiiiiiiiiiiieiieiieeiteete ettt sttt et e st ebeesite st e sabesaee e 800
41.3.2  Program F1ash TFR IMAP. ....cc.coiuiiiiiiiiiieeceee ettt ettt ettt e a ettt e bt et e sbe et e sbeeseesbeennenaeans 801
41.3.3  ReZISIEI DESCIIPIIONS. c..eeuttiiteiieitietiete ettt ettt ettt ettt ettt et bttt ebe e et e st e bt e st s bt et e sbe et e sbeestesbe et e sbeenee 801

414 FUNCLIONAL DESCIIPION. ..cuutiriiiiiieeiieeiie ettt sttt ettt ea e e b e et et e st e e bt e sa bt e bt e sab e e beesabeenbeesabeenbeesateenbaesaseenbeesaseenseess 810
o N T 4 B 0 (0 T ) OO OO RSUS PR SURU SR 811
142 TIEETTUPES..eeuveriteteeitete et ettt ettt ettt ebt et bt et e bt e s bt e st e s bt eabe bt ea b e e bt es b e e bt eat e eb et e bt e bt ebtenaeestesbeesnenbeesbesbeennesbeenee 811
41.4.3  Flash Operation in LOW-POWET IMOGES.........c.coviiiiiiiiiiiiieiieeieerte ettt ettt st ettt 812
41.4.4 Functional Modes Of OPEIatiOn..........cueiuerieiueeiirtieieetiete ettt ettt ettt ete st ebesbeebeeseenteeseesseeneesseeneesaeenaesnees 813
41.4.5 Flash Reads and IZNored WIILES.......cocueriiiiriiiiiniieienitcteeitee ettt sttt ettt ettt eaesaees 813
41.4.6 Read While WIite (RWW)....ooioiiiiiiiiec ettt 813

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
32 NXP Semiconductors



Section number Title Page
41.4.7  Flash Program and EIase.........c.ccooiiiiiiiiiiiiiiitcteetcte ettt sttt sttt ettt st 813
41.4.8  Flash Command OPEIatiOnsS.........cecueeruieruieriteriienieeitteeteesteesiteestee sttt esbeesiaesbeesstesabeesabesseessseebeenseesbeesseesanes 813
41.49 Margin Read COMMANGS........ccoeiriririiiirinieienetetet ettt ettt sttt e ettt et eae bt sae bbb saennen 818
41.4.10 Flash Command DeSCIIPIION. ....cc..erutrtiriieiirieetinttente ettt ettt ettt ettt ettt et sbeetesbe e et sbeesbeeaaesbeesnesbeenneninens 819
T B I BN 1102 11 1 2O OO OO SO UPOTSSUPORURTUPRURTPTRT 833
41412 RESCE SEQUEIICE. ...ueeuientieiieitieiteetiet et e bttt et e et et e e ateeteeaeesheenteebeen b eeseenbees e e bt esteaseemeesaeensesatenbesseenbeeneenbeeneensens 835
Chapter 42
Flash Memory Controller (FMC)
L N 113 (o L1 s (o) s WO OO OO 837
42,101 OVEIVIBW..nitiniitiietitetese ettt ettt ettt ettt sttt st a et bt et b et bbbt bttt sttt sa et ne e e 837
42.1.2 FRALULES. ...couiiiiiiiiiiiiiciii e et h bbb 837
42.2 IMIOAES OF OPETALION. ... ..euieutieeieteetieteette et ettt et st et e et e et e et e et e ea e bt eaeeebeen e e saeemee e st ebeeee e bt emsenbeente bt enseeseenseeseesesneenaeenean 838
423 EXternal SIZNal dESCTIIPIION. c..ccuieutirtiritirteeterteetestt ettt ettt ettt ettt eb et eat e sb et e bt et s bt esbesbeesbesbeeabeebe et e ebeenteebeeneeeaee 838
42,4 Memory map and re@iSter AESCTIPIIOMNS. ...ecueerutiertieriiertieete et e et et e st e bt e sttt e bt e stte e bt e suteeabeesabeebeesaeeebtesabeebeesaseenbeess 838
42.5  FUNCHONAL AESCIIPIION. 1. cutitteutietiete ettt ettt ettt ettt ettt ettt e bt eae et e es e e bt eaeeebeeneeeseeatesbeembeebeembeebeenbeeseenseeneenseeneeneeenee 838
KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 33



KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

34

NXP Semiconductors



Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the NXP
KL17 microcontroller.

1.1.2 Audience

A reference manual is primarily for system architects and software application developers
who are using or considering using a NXP product in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix Identifies a

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

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

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

The following typographic notation is used throughout this document:

Example

Description

placeholder, x

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

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

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the

Scaling Mode (SCM) field in the Status Register (SR).

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

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

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

¢ A continuous range of individual signals of a bus

For example, XAD([7:0] refers to signals 7—-0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted

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

deasserted

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

In some cases, deasserted signals are described as negated.

reserved

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

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

36

NXP Semiconductors



Chapter 2
Introduction

2.1 Overview

Information found here provides an overview of the Kinetis L series of ARM® Cortex®-
MO+ MCUs and KL 17 product family. It also presents high-level descriptions of the
modules available on the devices covered by this document.

2.1.1 Sub-family introduction

The device is highly-integrated, market leading ultra low-power 32-bit microcontroller
based on the enhanced Cortex-M0+ (CMO0+) core platform. The features of the family
derivatives are as follows.

 Core platform clock up to 48 MHz, bus clock up to 24 MHz

* Memory option is up to 64 KB flash and 16 KB RAM

* Wide operating voltage ranges from 1.71-3.6 V with fully functional flash program/

erase/read operations
* Multiple package options from 32-pin to 64-pin
* Ambient operating temperature ranges from —40 °C to 105 °C.

The family acts as an ultra low-power, cost-effective microcontroller to provide
developers an appropriate entry-level 32-bit solution. The family is the next-generation
MCU solution for low-cost, low-power, high-performance devices applications. It’s
valuable for cost-sensitive, portable applications requiring long battery life-time.
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2.2 Module functional categories

The modules on this device are grouped into functional categories. Information found
here describes the modules assigned to each category in more detail.

Table 2-1. Module functional categories

Module category Description

ARM Cortex-M0+ core ¢ 32-bit MCU core from ARM’s Cortex-M class, 1.77 CoreMark®MHz from
single-cycle access memories, 48 MHz CPU frequency

System » System integration module
* Power management and mode controllers
¢ Multiple power modes available based on run, wait, stop, and power-
down modes
Miscellaneous control module
Low-leakage wakeup unit
Peripheral bridge
Direct memory access (DMA) controller with multiplexer to increase available
DMA requests
e COP watchdog

Memories ¢ Internal memories include:

* Up to 64 KB flash memory
¢ Upto 16 KB SRAM

e Upto 16 KB ROM

Clocks * Multiple clock generation options available from internally- and externally-
generated clocks
* MCG-Lite with 48MIRC and 8M/2M IRC for systems and CPU clock
sources.
* Low power 1 kHz RC oscillator for RTC and COP watchdog
¢ System oscillator to provide clock source for the MCU

Security * COP watchdog timer (COP)
¢ Cyclic Redundancy Check (CRC)
Analog * 16-bit analog-to-digital converters with DMA supported and four muxed

differential pairs
* Comparator (CMP) with internal 6-bit digital-to-analog converter (DAC)
High accuracy 1.2 V voltage reference to provide a stable reference for ADC

One 6-channel TPM

Two 2-channel TPMs

2-channel periodic interrupt timer
Real time clock

Low-power timer

System tick timer

Timers

Communications e Two 16-bit serial peripheral interface
» Two inter-integrated circuit (12C) modules
¢ Two low power UART modules and one UART module
* One FlexlO

Human-Machine Interfaces (HMI) e General purpose input/output controller
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2.2.1 ARM Cortex-M0+ core modules
The following core modules are available on this device.

Table 2-2. Core modules

Module Description

ARM Cortex-M0+ The ARM Cortex-M0+ is the newest member of the Cortex M Series of processors
targeting microcontroller applications focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex MO+ processor is based on the ARMv6
Architecture and Thumb®-2 ISA and is 100% instruction set compatible with its
predecessor, the Cortex-MO0 core, and upward compatible to Cortex-M3 and M4
cores.

NVIC The ARMv6-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.

Single-cycle 1/0 Port For high-speed, single-cycle access to peripherals, the Cortex-M0+ processor
implements a dedicated single-cycle 1/0O port.

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

* Serial Wire Debug (SWD)

2.2.2 System modules

The following system modules are available on this device.

Table 2-3. System modules

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

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

Power management controller (PMC) The PMC provides the user with multiple power options. Multiple 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.

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

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

Module

Description

Crossbar switch lite (AXBS-Lite)

The AXBS 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.

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.

Peripheral bridge (AIPS-Lite)

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

DMA multiplexer (DMAMUX)

The DMA multiplexer selects from many DMA requests down to 4 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- and 32-bit
data values.

Computer operating properly 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, 8/2 MHz internal
oscillator or external crystal 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 — up to 64 KB of the non-volatile flash memory that can
execute program code.

Flash memory controller

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

SRAM

Up to 16 KB internal system RAM.

ROM

16 KB ROM.

2.2.4 Clocks

The following clock modules are available on this device.

Table 2-5. Clock modules

Module

Description

Multipurpose Clock Generator Lite
(MCG-Lite)

MCG Lite module containing a 48 MHz and an 8 or 2 MHz internal reference clock
source.

System oscillator (OSC)

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

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

Table 2-6. Security and integrity modules

Module

Description

Watchdog timer (WDOG)

Watchdog timer keeps a watch on the system functioning and resets it in case of
its failure.

Cyclic Redundancy Check (CRC)

CRC generates 16/32-bit CRC code for error detection.

2.2.6 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module

Description

Analog-to-digital converters (ADC)

16-bit successive-approximation ADC module.

Analog comparators

One comparator that compares two analog input voltages across the full range of
the supply voltage and can trigger an ADC acquisition, TPM update, or CPU
interrupt.

6-bit digital-to-analog converters (DAC)

64-tap resistor ladder network which provides a selectable voltage reference for
comparator.

2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module

Description

Timer/PWM module (TPM)

¢ Selectable TPM clock mode

* Prescaler divide-by 1, 2, 4, 8, 16, 32, 64, or 128

* 16-bit free-running counter or modulo counter with counting be up or up-
down

» configurable channels for input capture, output compare, edge-aligned PWM
mode, or center-aligned PWM mode

» Support the generation of an interrupt and/or DMA request per channel

e Support the generation of an interrupt and/or DMA request when the counter
overflows

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

Module Description

* Support selectable trigger input to optionally reset or cause the counter to
start incrementing.

¢ Support the generation of hardware triggers when the counter overflows and
per channel

Periodic interrupt timers (PIT) One general purpose interrupt timer

Interrupt timers for triggering ADC conversions
32-bit counter resolution

Clocked by bus clock frequency

DMA support

Low power timer (LPTMR) * 16-bit time counter or pulse counter with compare
» Configurable clock source for prescaler/glitch filter
» Configurable input source for pulse counter

Real Time Clock (RTC) e 32-bit seconds counter with roll-over protection and 32-bit alarm
» Software selectable clock sources for input to prescaler with programmable
16-bit prescaler
¢ XOSC 32.678 kHz nominal
¢ LPO (~1 kHz)
¢ External RTC_CLKIN

2.2.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module Description
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/ Two low power UART modules that retains functional in stop modes. One UART
transmitters (UART) and (LPUART) module does not work in stop mode.
FlexIO The FlexlO module is capable of supporting a wide range of protocols including,

but not limited to--UART, 12C, SPI, 12S, Camera IF, LCD RGB, PWM / Waveform
generation. The module can remain functional in VLPS mode provided the clock it
is using remains enabled.

2.2.9 Human-machine interfaces

The following human-machine interfaces (HMI) are available on this device:
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Table 2-10. HMI modules

Module

Description

General purpose input/output (GPIO)

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

2.3 Module to module interconnects

2.3.1

Interconnection overview

The following table lists the module to module interconnections for this device.

Table 2-11. Module-to-module interconnects
Peripheral Signal — to Use Case | Control Comment
Peripheral
TPM1 CHOF, CH1F | to ADC ADC SIM_SOPT7[ADCOALTTRGEN] =0 | ChO is A, and Ch1 is
(Trigger) | Triggering (A B, selecting this
AND B) ADC trigger is for
supporting A and B
triggering. In Stop
and VLPS modes,
the second trigger
must be set to >10
ps after the first
trigger
LPTMR Hardware to ADC ADC SIM_SOPT7[ADCOTRGSEL] and —
trigger (Trigger) | Triggering (A |SIM_SOPT7[ADCOPRETRGSEL]
or B) to select A or B
TPMx TOF to ADC ADC SIM_SOPT7[ADCOTRGSEL], —
(Trigger) | Triggering (A |SIM_SOPT7[ADCOPRETRGSEL]
or B) to select AorB
PIT CHx TIFO, TIF1 to ADC ADC SIM_SOPT7[ADCOTRGSEL], —
(Trigger) | Triggering (A | SIM_SOPT7[ADCOPRETRGSEL]
or B) to select AorB
RTC ALARM or to ADC ADC SIM_SOPT7[ADCOTRGSEL], —
SECONDS (Trigger) | Triggering (A |SIM_SOPT7[ADCOPRETRGSEL]
or B) to select A or B
EXTRG_IN | EXTRG_IN to ADC ADC SIM_SOPT7[ADCOTRGSEL], —
(Trigger) | Triggering (A |SIM_SOPT7[ADCOPRETRGSEL]
or B) to select A or B
CMPO CMPO_OUT | to ADC ADC SIM_SOPT7[ADCOTRGSEL], —
(Trigger) | Triggering (A |SIM_SOPT7[ADCOPRETRGSEL]
or B) to select AorB
CMPO CMPO_OUT | to |LPTMR_ALT | Count CMP [LPTMR_CSRI[TPS] —
0 events
CMPO CMPO_OUT | to TPM1 CHO | Input capture | SIM_SOPT4[TPM1CHOSRC] —

Table continues on the next page...
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Table 2-11. Module-to-module interconnects (continued)

Peripheral Signal — to Use Case | Control Comment
Peripheral
CMPO CMPO_OUT | to TPM2 CHO | Input capture | SIM_SOPT4[TPM2CHOSRC] —
CMPO CMPO_OUT to |LPUARTO_R| IR interface [SIM_SOPT5[LPUARTORXSRC] Uses for IR interface
X
CMPO CMPO_OUT | to |LPUART1_R| IR Interface |SIM_SOPT5[LPUART1RXSRC] Uses for IR interface
X
LPTMR Hardware to CMPx Low power |CMP_CR1[TRIGM] —
trigger triggering of
the
comparator
LPTMR Hardware to TPMx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) —
trigger input
TPMx TOF to TPMx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) —
input
TPMA1 Timebase to TPMx TPM Gilobal |TPMx_CONF[GTBEEN] —
timebase
input
PIT CHx TIFO, TIF1 to TPMx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) | If PIT is triggering
input the TPM, the TPM
clock must be faster
than Bus clock.
RTC ALARM or to TPMXx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) —
SECONDS input
EXTRG_IN | EXTRG_IN to TPMx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) —
input
CMPO CMPO_OUT | to TPMx TPM Trigger | TPMx_CONF[TRGSEL] (4-bit field) —
input
LPUARTO |LPUARTO_T| to |Modulatedby| LPUART |[SIM_SOPT5[LPUARTOTXSRC] Uses for IR interface
X TPM1 CHO | modulation
LPUARTO |LPUARTO_T| to |Modulatedby| LPUART |[SIM_SOPT5[LPUARTOTXSRC] Uses for IR interface
X TPM2 CHO | modulation
LPUART1 |LPUART1_T| to |Modulatedby| LPUART |[SIM_SOPT5[LPUART1TXSRC] Uses for IR interface
X TPM1 CHO | modulation
LPUART1 |LPUART1_T| to |Modulatedby| LPUART |[SIM_SOPT5[LPUART1TXSRC] Uses for IR interface
X TPM2 CHO | modulation
PIT TIFO to DMA CHO DMA HW |DMA MUX register option —
Trigger
PIT TIF1 to DMA CH1 DMA HW |DMA MUX register option —
Trigger
Table 2-12. Module-to-FlexlO interconnects
Peripheral Signal — to Use Case Control Comment
Peripheral
LPTMR Hardware to FlexlO Trigger input | FlexO_TIMCTLn[TRGSEL] (4-bit —
trigger field)

Table continues on the next page...
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Table 2-12. Module-to-FlexlO interconnects (continued)

Peripheral Signal — to Use Case Control Comment
Peripheral
TPMx TOF to FlexIO Trigger input | FlexIO_TIMCTLn[TRGSEL] (4-bit —
field)
PIT CHx TIFO, TIF1 to FlexIO Trigger input | FlexIO_TIMCTLn[TRGSEL] (4-bit If PIT is triggering
field) the FlexIO, the
FlexIO clock must be
faster than Bus
clock.
RTC ALARM or to FlexlO Trigger input | FlexIO_TIMCTLn[TRGSEL] (4-bit —
SECONDS field)
EXTRG_IN | EXTRG_IN to FlexIO Trigger input | FlexIO_TIMCTLn[TRGSEL] (4-bit —
field)
CMPO CMPO_OUT | to FlexlO Trigger input | FlexlO_TIMCTLN[TRGSEL] (4-bit —
field)

2.3.2 Analog reference options

Several analog blocks have selectable reference voltages as shown in the below table .
These options allow analog peripherals to share or have separate analog references. Care
should be taken when selecting analog references to avoid cross talk noise.

There are two Vref_1.2v output pads: VREF_OUT_A and VREF_OUT_B. Both pads are
internally connected by heavy metal trace. VREF_OUT_A pad and VREFH pad are

bonded to VREFH pin in 64pin and 48pin packages. VREF_OUT_B pad and PTE30 pad
are bonded to PTE30 pin in 36 pin and 32pin packages.

Table 2-13. Analog reference options

Module

Reference option

Comment/ Reference selection

16-bit SAR ADC

1 - VREFH or VREF_OUT (64pin and
48pin); VREF_OUT (36pin and 32pin)

2 - VDDA

3 - Reserved

Selected by ADCx_SC2[REFSEL]

CMP with 6-bit DAC

Vin1 - VREFH or VREF_OUT (64pin and
48pin); VREF_OUT (36pin and 32pin)

Vin2 - VDD

Selected by CMPx_DACCR[VRSEL]

NOTE

VREFH pin and PTE30 can be used as filter capacitor pin for
high precision 1.2V Vref. When 1.2V Vref is enabled, Pin
VREFH or pin PET30 is 1.2V VREF_OUT.
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Chapter 3
Core Overview

3.1 ARM Cortex-M0+ core introduction

The enhanced ARM Cortex MO+ is the member of the Cortex-M Series of processors
targeting microcontroller cores focused on very cost sensitive, low power applications. It
has a single 32-bit AMBA AHB-Lite interface and includes an NVIC component. It also
has hardware debug functionality including support for simple program trace capability.
The processor supports the ARMv6-M instruction set (Thumb) architecture including all
but three 16-bit Thumb opcodes (52 total) plus seven 32-bit instructions. It is upward
compatible with other Cortex-M profile processors.

3.1.1 Buses, interconnects, and interfaces

The ARM Cortex-MO0+ core has two bus interfaces:
 Single 32-bit AMBA-3 AHB-Lite system interface that provides connections to
peripherals and all system memory, which includes flash memory and RAM
* Single 32-bit I/O port bus interfacing to the GPIO with 1-cycle loads and stores

3.1.2 System tick timer

The CLKSOURCE field in SysTick Control and Status register selects either the core
clock (when CLKSOURCE = 1) or a divide-by-16 of the core clock (when
CLKSOURCE = 0). Because the timing reference is a variable frequency, the TENMS
field in the SysTick Calibration Value Register is always 0.

3.1.3 Debug facilities
This device supports standard ARM 2-pin SWD debug port.
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3.1.4 Core privilege levels

The core on this device is implemented with both privileged and unprivileged 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 Nested vectored interrupt controller (NVIC)

3.2.1 Interrupt priority levels

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

31 30 29 28 27 26 25 24 283 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0jofo0ojo0jf0]|O 0j0ofo0ojo0j0|O 0jojojojo0|o0 0j0ofoj|jo0j0|O
IRQ3 IRQ2 IRQ1 IRQO

3.2.2 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.

3.2.3 Interrupt channel assignments
The interrupt vector assignments are defined in the following table.

* 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.
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Chapter 3 Core Overview

The NVIC wake-up sources in the following table support only
down to VLPS.

Table 3-2. Interrupt vector assignments

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
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 — — — —
0x0000_0014 5 — — — —
0x0000_0018 6 — — — —
0x0000_001C 7 — — — —
0x0000_0020 8 — — — —
0x0000_0024 9 — — — —
0x0000_0028 10 — — — —
0x0000_002C 11 — — ARM core Supervisor call (SVCall)
0x0000_0030 12 — — — —
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 DMA DMA channel 0 transfer complete and error
0x0000_0044 17 1 0 DMA DMA channel 1 transfer complete and error
0x0000_0048 18 2 0 DMA DMA channel 2 transfer complete and error
0x0000_004C 19 3 0 DMA DMA channel 3 transfer complete and error
0x0000_0050 20 4 1 — —
0x0000_0054 21 5 1 FTFA Command complete and read collision
0x0000_0058 22 6 1 PMC Low-voltage detect, low-voltage warning
0x0000_005C 23 7 1 LLWU Low Leakage Wakeup
0x0000_0060 24 8 2 12Co Status and Timeout and wakeup flags
0x0000_0064 25 9 2 12C1 Status and Timeout and wakeup flags
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources
0x0000_006C 27 11 2 SPI1 Single interrupt vector for all sources
0x0000_0070 28 12 3 LPUARTO Status and error
0x0000_0074 29 13 3 LPUARTH1 Status and error
0x0000_0078 30 14 3 UART2 or FlexIO Status and error

Table continues on the next page...
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Table 3-2. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_007C 31 15 3 ADCO Conversion complete
0x0000_0080 32 16 4 CMPO Rising or falling edge of comparator output
0x0000_0084 33 17 4 TPMO Overflow or channel interrupt
0x0000_0088 34 18 4 TPMA1 Overflow or channel interrupt
0x0000_008C 35 19 4 TPM2 Overflow or channel interrupt
0x0000_0090 36 20 5 RTC Alarm interrupt
0x0000_0094 37 21 5 RTC Seconds interrupt
0x0000_0098 38 22 5 PIT Single interrupt vector for all channels
0x0000_009C 39 23 5 — —
0x0000_00A0 40 24 6 —
0x0000_00A4 41 25 6 — —
0x0000_00A8 42 26 6 — —
0x0000_00AC 43 27 6 — —
0x0000_00B0O 44 28 7 LPTMRO LP Timer compare match
0x0000_00B4 45 29 7 — —
0x0000_00B8 46 30 7 Port control module |Pin detect (Port A)
0x0000_00BC 47 31 7 Port control module | Pin detect (Single interrupt vector for Port B,
Port C, Port D, and Port E)

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

3.2.3.1 Determining the bitfield and register location for configuring a
particular interrupt

Suppose you need to configure the SPIO interrupt. The following table is an excerpt of the
SPI0 row from Interrupt priority levels.

Table 3-3. Interrupt vector assignments

Address Vector IRQ! NVIC IPR Source module Source description
register
number?
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources

1. Indicates the NVIC's interrupt source number.
2. 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:
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* NVICIPR2
* To determine the particular IRQ's field location within these particular registers:
* NVICIPR?2 field starting location = 8 * (IRQ mod 4) + 6 = 22

Since the NVICIPR fields are 2-bit wide (4 priority levels), the NVICIPR2 field
range is 22-23.

Therefore, the following field locations are used to configure the SPIO interrupts:
e NVICIPR2[23:22]

3.3 AWIC introduction

The primary function of the AWIC block 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.

3.3.1 Wake-up sources

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

Table 3-4. AWIC stop wake-up sources

Wake-up source Description

Available system resets RESET pin with filter mode disabled or enabled when LPO is its clock source, COP when its
clock source is enabled. COP can also work when its clock source is enabled during STOP
mode.

Low-voltage detect Power management controller—functional in Stop mode

Low-voltage warning Power management controller—functional in Stop mode

Pin interrupts Port control module—any enabled pin interrupt is capable of waking the system

ADC The ADC is functional when using internal clock source or external crystal clock

CMPO Interrupt in normal or trigger mode

12C Address match wakeup

LPUARTO , LPUARTA1 Any enabled interrupt can be a source as long as the module remains clocked

UART2 Active edge on RXD

RTC Alarm or seconds interrupt

NMI NMI pin

TPMXx Any enabled interrupt can be a source as long as the module remains clocked

LPTMR Any enabled interrupt can be a source as long as the module remains clocked

SPIx Slave mode interrupt

FlexlO Any enabled interrupt can be a source as long as the module remains clocked
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in a 4 GB memory space.

This chapter describes the memory and peripheral locations within that memory space.

4.2 System memory map

The table found here 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

(Includes exception vectors in first 192 bytes)

All masters

0x0800_0000-0x1BFF_FFFF Reserved —
0x1C00_0000 — 0x1C00_3FFF Boot ROM Cortex-MO0+ core
0x1C00_4000 — Ox1FFF_EFFF Reserved —
0x1FFF_F000-0x1FFF_FFFF: 2 SRAM_L: Lower SRAM All masters
0x2000_0000-0x2000_2FFF? SRAM_U: Upper SRAM All masters

0x2000_3000-0x3FFF_FFFF

Reserved

0x4000_0000-0x4007_FFFF

AIPS Peripherals

Cortex-M0+ core &
DMA

0x4008_0000-0x400F_EFFF

Reserved

0x400F_F000-0x400F_FFFF

General-purpose input/output (GPIO)

Cortex-M0+ core &
DMA

0x4010_0000-0x43FF_FFFF

Reserved

0x4400_0000-0x5FFF_FFFF

Bit Manipulation Engine (BME) access to AIPS Peripherals for
slots 0-1278

Cortex-M0+ core

0x6000_0000-0xDFFF_FFFF

Reserved

Table continues on the next page...
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Table 4-1. System memory map (continued)

System 32-bit address range Destination slave Access
0xE000_0000—-0xEOQOF_FFFF Private Peripherals Cortex-M0+ core
0xE010_0000-OxEFFF_FFFF Reserved -
0xFO000_0000-0xFO00_OFFF Micro Trace Buffer (MTB) registers Cortex-MO0+ core
0xF000_1000—-0xF000_1FFF MTB Data Watchpoint and Trace (MTBDWT) registers Cortex-M0+ core
0xF000_2000-0xF000_2FFF ROM table Cortex-M0+ core
0xF000_3000—-0xF000_3FFF Miscellaneous Control Module (MCM) Cortex-M0+ core
0xF000_4000-0xF7FF_FFFF Reserved -
0xF800_0000-0xFFFF_FFFF IOPORT: GPIO (single cycle) Cortex-MO0+ core

1. The program flash always begins at 0x0000_0000 but the end of implemented flash varies depending on the amount of
flash implemented for a particular device. See Flash memory for details.

2. This range varies depending on SRAM sizes. See SRAM sizes for details.

3. Includes BME operations to GPIO at slot 15 (based at 0x4000_F000).

4.3 Bit Manipulation Engine

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral address space.

By combining the basic load and store instruction support in the Cortex-M instruction set
architecture with the concept of decorated storage provided by the BME, the resulting
implementation provides a robust and efficient read-modify-write capability to this class
of ultra low-end microcontrollers. See the Bit Manipulation Engine Block Guide (BME)
for a detailed description of BME functionality.

4.4 Peripheral bridge (AIPS-Lite) memory map

The peripheral memory map is accessible via one slave port on the crossbar in the
0x4000_0000-0x400F_FFFF region. The device implements one peripheral bridge that
defines a 1024 KB address space.

The three regions associated with this space are:
* A 128 KB region, partitioned as 32 spaces, each 4 KB in size and reserved for on-
platform peripheral devices. The AIPS controller generates unique module enables
for all 32 spaces.

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
54 NXP Semiconductors




Chapter 4 Memory Map

* A 384 KB region, partitioned as 96 spaces, each 4 KB in size and reserved for off-
platform modules. The AIPS controller generates unique module enables for all 96

spaces.

e The last slot is a 4 KB region beginning at 0x400F_F000 for accessing the GPIO
module. The GPIO slot (slot 128) is an alias of slot 15. This block is also directly
interfaced to the core and provides direct access without incurring wait states
associated with accesses via the AIPS controller.

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.

4.4.1 Peripheral bridge (AIPS-Lite) memory map

Table 4-2. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number

0x4000_0000 0 —
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 —
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 —
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 —
0x4000_E000 14 —
0x4000_F000 15 GPIO controller (aliased to 0x400F_F000)
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —

Table continues on the next page...
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Peripheral bridge (AIPS-Lite) memory map

Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_4000 20 —
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_F000 31 —
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer O
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 —
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 —
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 —
0x4002_D000 45 —
0x4002_E000 46 —
0x4002_F000 47 —
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC32
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 —
0x4003_6000 54 —
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 Timer/PWM (LPTPM) O
0x4003_9000 57 Timer/PWM (LPTPM) 1
0x4003_A000 58 Timer/PWM (LPTPM) 2

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4003_B000 59 Analog-to-digital converter 0(ADCO)
0x4003_C000 60 —
0x4003_D000 61 Real Time Clock (RTC)
0x4003_E000 62 —
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 —
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 —
0x4005_3000 83 —
0x4005_4000 84 LPUARTO
0x4005_5000 85 LPUART1
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 FlexIO
0x4006_0000 96 —
0x4006_1000 97 —

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_2000 98 —
0x4006_3000 99 —
0x4006_4000 100 Multi-purpose clock Generator Lite (MCG_Lite)
0x4006_5000 101 System oscillator (OSC)
0x4006_6000 102 [2Co
0x4006_7000 103 [2C1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 —
0x4006_B000 107 —
0x4006_C000 108 UART2
0x4006_D000 109 —
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114
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 SPIO
0x4007_7000 119 SPI1
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_E000 126 System mode controller (SMC)
0x4007_F000 127 Reset control module (RCM)
0x400F_F000 128 GPIO controller
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4.5 Interrupts

4.5.1 Interrupt priority levels

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0|/|0|0|0|0O]|0O 0|/|0|0|0|0O]|O 0|0|0|0|0O]|O 0|0|0|0|0O]|O
IRQ3 IRQ2 IRQ1 IRQO

4.5.2 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.

4.5.3 Interrupt channel assignments
The interrupt vector assignments are defined in the following table.

* 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.

NOTE
The NVIC wake-up sources in the following table support only
down to VLPS.
Table 4-4. Interrupt vector assignments
Address Vector IRQ! NVIC Source module Source description
IPR
register
number?

ARM core system handler vectors
0x0000_0000 0 — — ARM core Initial stack pointer

Table continues on the next page...
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Interrupts
Table 4-4. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
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 — — — —
0x0000_0014 5 — — — —
0x0000_0018 6 — — — —
0x0000_001C 7 — — — —
0x0000_0020 8 — — — —
0x0000_0024 9 — — — —
0x0000_0028 10 — — — —
0x0000_002C 11 — — ARM core Supervisor call (SVCall)
0x0000_0030 12 — — — —
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 DMA DMA channel 0 transfer complete and error
0x0000_0044 17 1 0 DMA DMA channel 1 transfer complete and error
0x0000_0048 18 2 0 DMA DMA channel 2 transfer complete and error
0x0000_004C 19 3 0 DMA DMA channel 3 transfer complete and error
0x0000_0050 20 4 1 — —
0x0000_0054 21 5 1 FTFA Command complete and read collision
0x0000_0058 22 6 1 PMC Low-voltage detect, low-voltage warning
0x0000_005C 23 7 1 LLWU Low Leakage Wakeup
0x0000_0060 24 8 2 [°Co Status and Timeout and wakeup flags
0x0000_0064 25 9 2 12C1 Status and Timeout and wakeup flags
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources
0x0000_006C 27 11 2 SPI1 Single interrupt vector for all sources
0x0000_0070 28 12 3 LPUARTO Status and error
0x0000_0074 29 13 3 LPUARTH1 Status and error
0x0000_0078 30 14 3 UART2 or FlexIO Status and error
0x0000_007C 31 15 3 ADCO Conversion complete
0x0000_0080 32 16 4 CMPO Rising or falling edge of comparator output
0x0000_0084 33 17 4 TPMO Overflow or channel interrupt
0x0000_0088 34 18 4 TPMA1 Overflow or channel interrupt
0x0000_008C 35 19 4 TPM2 Overflow or channel interrupt
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Table 4-4. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR

register

number?
0x0000_0090 36 20 5 RTC Alarm interrupt
0x0000_0094 37 21 5 RTC Seconds interrupt
0x0000_0098 38 22 5 PIT Single interrupt vector for all channels
0x0000_009C 39 23 5 — —
0x0000_00A0 40 24 6 —
0x0000_00A4 41 25 6 — —
0x0000_00A8 42 26 6 — —
0x0000_00AC 43 27 6 — —
0x0000_00B0 44 28 7 LPTMRO LP Timer compare match
0x0000_00B4 45 29 7 — —
0x0000_00B8 46 30 7 Port control module |Pin detect (Port A)
0x0000_00BC 47 31 7 Port control module | Pin detect (Single interrupt vector for Port B,

Port C, Port D, and Port E)

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

4.6 SRAM sizes

This device contains SRAM which could be accessed by bus masters through the cross-
bar switch. The amount of SRAM for the devices covered in this document is shown in

the following table.
Table 4-5. KL17 SRAM memory size
Device SRAM(KB)
MKL17Z32VFM4(R) 8KB
MKL17Z64VFM4(R) 16KB
MKL17Z32VLH4(R) 8KB
MKL17Z64VLH4(R) 16KB
MKL17Z32VDA4(R) 8KB
MKL17Z64VDA4(R) 16KB
MKL17Z32VFT4(R) 8KB
MKL17Z64VFT4(R) 16KB
MKL17Z32VMP4(R) 6KB
MKL17Z64VMP4(R) 16KB
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Flash memory
NOTE

The 48 QFN and 64 MAPBGA packages supporting

MKLx7ZxxVFT4 and MKLx7ZxxVMP4 part numbers for this

product are not yet available. However, these packages are

included in Package Your Way program for Kinetis MCUs.

Visit nxp.com/KPYW for more details.

4.7 Flash memory

The devices covered in this document contain 1 program flash block consisting of 1 KB
sectors.

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

Table 4-6. KL17 Flash Memory Size

Part number Program flash (KB) Block 0 (P-Flash) address range

MKL17Z32VFM4(R) MKL17Z32VDA4(R) 32KB 0x0000_0000 — 0x0000_7FFF
MKL17Z32VLH4(R) MKL17Z32VFT4(R)
MKL17Z32VMP4(R)

MKL17Z64VFM4(R) MKL17Z64VDA4(R) 64KB 0x0000_0000 — 0x0000_FFFF
MKL17Z64VLH4(R) MKL17Z64VFT4(R)
MKL17Z64VMP4(R)

NOTE
The 48 QFN and 64 MAPBGA packages supporting
MKLx7ZxxVFT4 and MKLx7ZxxVMP4 part numbers for this
product are not yet available. However, these packages are
included in Package Your Way program for Kinetis MCUs.
Visit nxp.com/KPYW for more details.

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

Also, it retains contents during low-voltage detect (LVD) events and is only reset during
a power-on reset.
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Chapter 5
Clock Distribution

5.1 Introduction

This chapter presents the clock architecture for the device, the overview of the clocks and
includes a terminology section.

The Cortex MO+ resides within a synchronous core platform, where the processor and
bus masters, flash memory, and peripheral clocks can be configured independently. The
clock distribution figure shows how clocks from the lite version of Multi Clock
Generation (MCG-Lite) and OSC module are distributed to the microcontroller’s other
function units. Some modules in the microcontroller have selectable clock input.

5.2 Programming model

The selection and multiplexing of system clock sources is controlled and programmed via
the Clock Generation Module. The setting of clock dividers and module clock gating for
the system are programmed via the SIM module. Refer to the MCG_Lite and SIM
sections for detailed register and bit descriptions.

5.3 High-level device clocking diagram

The following system oscillator, MCG_Lite, and SIM module registers control the
multiplexers, dividers, and clock gates shown in the following figure:

0OSsC MCG-Lite SIM
Multiplexers MCG_Cx MCG_Cx SIM_SOPT1, SIM_SOPT2
Dividers — MCG_Cx SIM_CLKDIVx
Clock gates OSC_CR MCG_CH1 SIM_SCGCx
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MCG_Lite CLKGEN
IRC_TRIMs
IRC48M MCGPoLL } Clock options for
some peripherals
UsB USB_EN —>|LIRC_DIV2 @ MCGIRCLK (see note)

Core/Platform/System clock

IRC8M
8MHz/ [BMHz
oMHz _)@ MCGOUTCLK
IRC  |2MHz
T
IRCS

CLKs
System oscillator ouTpIva—{CcG—— Bus/Flash clock
EXTALO[X] L 0SCCLK
XTAL_CLK
= OSCERCLK
XK— 08¢ 0SC32KCLK =
XTALO g > \ ERCLK32K Clock options for
RTC_CKLINX some peripherals
|—> (see note)
PMC| PMC logic |¢"2
RTC \
Counter logic |12 > ) RTC_CLKOUT

CG — Clock gate

Note1: See subsequent sections for details on where these clocks are used.

Note2: 48Mhz clock (IRC48M) control register is defined in either USB or MCG_Lite. In case USB is not
available, IRC48M will be controlled by IRC_TRIMs in MCG_Lite module

Note3: FCRDIV support divider ratio 1,2,4,8,16, 32, 64, 128. LIRC_DIV2 provides the futher divide
down for MCGIRCLK.

Note4: OSC32KCLK is only available when external crystal is in 30KHz - 40KHz range.

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-MO+ core.
Platform clock MCGOUTCLK divided by OUTDIV1

Clocks the crossbar switch and NVIC.
System clock MCGOUTCLK divided by OUTDIV1

Clocks the bus masters directly .

Table continues on the next page...

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
64 NXP Semiconductors




Chapter 5 Clock Distribution

Clock name Description

Bus clock System clock divided by OUTDIV4.
Clocks the bus slaves and peripherals.

Flash clock Flash memory clock
On this device, it is the same as Bus clock.

MCGOUTCLK MCG_Lite output of either IRC48M, IRC8M, MCG_Lite's
external reference clock that sources the core, system, bus,
and flash clock.

MCGIRCLK IRC8M/2M internal reference clock divided by lirc_div2

MCGPCLK MCG_Lite output of the fast (IRC48M) internal reference
clock. This clock may clock some modules. In addition, this
clock is used for LPUARTO and TPM modules

OSCCLK System oscillator output of the internal oscillator or sourced
directly from EXTAL. Used as MCG_Lite's external reference
clock.

OSCERCLK System oscillator output sourced from OSCCLK that may
clock some on-chip modules

OSC32KCLK System oscillator 32 kHz output

ERCLK32K Clock source for some modules that is chosen as
OSC32KCLK or RTC_CLKIN or LPO

LPO PMC 1 kHz output

5.4.1 Device clock summary

The following table provides more information regarding the on-chip clocks.

Table 5-1. Clock summary

Clock hame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 48 MHz Up to 8 MHz MCG_Lite In all stop modes
except for partial stop
modes.

MCGPCLK Up to 48 MHz N/A MCG_Lite MCG_Lite clock
controls are not
enabled and in all stop
modes except for partial
stop modes with
MCG_MC[HIRCLPEN]
cleared.

Core clock Up to 48 MHz Up to 4 MHz MCGOUTCLK clock In all wait and stop

divider modes

Platform clock Up to 48 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider

System clock Up to 48 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes and
divider Compute Operation

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

Clock name

Run mode

clock frequency

VLPR mode

clock frequency

Clock source

Clock is disabled
when...

Bus clock

Up to 24 MHz

Upto1 MHz'

MCGOUTCLK clock
divider

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

SWD Clock

Up to 24 MHz

Up to 1 MHz

SWD_CLK pin

In all stop modes

Flash clock

Up to 24 MHz

Upto 1 MHz in EXT
and LIRC

MCGOUTCLK clock
divider

In all stop modes
except for partial
STOP2 mode

Internal reference
(MCGIRCLK)

8/2MHz LIRC

8/2MHz LIRC

MCG_Lite

MCG_C1[IRCLKEN]
cleared,

Stop/VLPS mode and
MCG_CH1[IREFSTEN]
cleared, or

VLLS mode

External reference
(OSCERCLK)

Up to 48 MHz (bypass),
30—40 kHz
or 3-32Mhz(crystal)

Up to 16 MHz (bypass),
30—40 kHz
(low-range crystal)

or 3-16Mhz (high range
crystal)

System OSC

System OSC's
OSC_CRI[ERCLKEN]
cleared, or

Stop mode and
OSC_CR[EREFSTEN]
cleared

or VLLSO0 and oscillator
not in external clock
mode.

External reference
32kHz

(ERCLK32K)

30-40 kHz

30-40 kHz

System OSC
or RTC_CLKIN
or LPO

System OSC's
OSC_CR[ERCLKEN]
cleared

and RTC's
RTC_CR[OSCE]
cleared

or VLLSO0 and oscillator
not in external clock
mode.

RTC_CLKOUT

RTC 1Hz,
OSCERCLK

RTC 1Hz,
OSCERCLK

RTC 1Hz,
OSCERCLK

Clock is disabled in
VLLSx modes

CLKOUT32K

32K

32K

ERCLK32K

SIM_SOPT1[OSC3
2KOUT] not configured
to drive ERCLK32K out.

LPO

1 kHz

1 kHz

PMC

in VLLSO, optional be
disabled in VLLS1 and
VLLS3 by
SMC_STOPCTRL
[LPOPO]

TPM clock

Up to 48 MHz

Up to 8 MHz

MCGIRCLK,
MCGPCLK,

OSCERCLK

SIM_SOPT2[TPMSRC
]=00 selected clock
source disabled

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

Chapter 5 Clock Distribution

Clock name Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
LPUARTO clock Up to 48 MHz Up to 8 MHz MCGIRCLK, SIM_SOPT2[LPUARTO
MCGPCLK, SRC]:OQ selected clock
source disabled
OSCERCLK
LPUART1 clock Up to 48 MHz Up to 8 MHz MCGIRCLK, SIM_SOPT2[LPUART1
MCGPCLK, SRC]:OQ selected clock
source disabled
OSCERCLK
FlexIO clock Up to 48 MHz Up to 8 MHz MCGIRCLK, SIM_SOPT2[FLEXIOS
MCGPGCLK, RC]=00 gelected clock
source disabled
OSCERCLK
1. If in LIRC mode, where clocking is derived from the fast internal reference clock, the Bus clock and flash clock frequency

needs to be limited to 1Mhz if executing from flash.

5.5 Internal clocking requirements
The clock dividers are programmed via the SIM_CLKDIV1 register. The following

requirements must be met when configuring the clocks for this device:

* The core, platform, and system clock are programmable from a divide-by-1 through
divide-by-16 setting. The core, platform, and system clock frequencies must be 48
MHz or slower.

* The frequency of bus clock and flash clock is divided by the system clock and is
programmable from a divide-by-1 through divide-by-8 setting. The bus clock and
flash clock must be programmed to 24 MHz or slower.

* MCGPCLK is used for peripheral which is fixed to 48 MHz.

» MCGIRCLK is also one of peripheral clock sources which is from IRC8M and can

be divided down by a divider.

The following is a common clock configuration for this device:

Clock Max. Frequency

Core clock 48 MHz
Platform clock 48 MHz
System clock 48 MHz
Bus clock 24 MHz
Flash clock 24 MHz
MCGIRCLK 8 MHz

MCGPCLK 48 MHz
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5.5.1 Clock divider values after reset

Each clock divider is programmed via the CLKDIV1 registers of the SIM module. Two

bits in the flash memory's FTFA_FOPT register control the reset value of the core clock,

system clock, bus clock, and flash clock dividers as shown in the table given below:

FTFA_FOPT [4,0]

Core/system clock

Bus/Flash clock

Execution Mode

00

0x7 (divide by 8)

0x1 (divide by 2)

VLPR

01 0x3 (divide by 4) 0x1 (divide by 2) VLPR
10 0x1 (divide by 2) 0x1 (divide by 2) RUN
11 0x0 (divide by 1) 0x1 (divide by 2) RUN

This gives the user flexibility in selecting between a lower frequency, low-power boot
option and higher frequency, higher power during and after reset.

The flash erased state defaults to fast clocking mode, since these bits reside in flash,
which is logic 1 in the flash erased state. To enable a lower power boot option, program
the appropriate bits in FTFA_FOPT. During the reset sequence, if either of the control
bits is cleared, the system is in a slower clock configuration. Upon any system reset, the
clock dividers return to this configurable reset state.

The default reset clock for core/system clock is 8 MHz from IRC8M.

5.5.2 VLPR mode clocking

The clock dividers cannot be changed while in VLPR mode. These dividers must be
programmed prior to entering VLPR mode to guarantee operation. Maximum frequency
limitations for VLPR mode is as follows :

* the core/system clocks are less than or equal to 4 MHz, and
* the bus and flash clocks are less than or equal to 1 MHz

5.6 Clock gating

The clock to each module can be individually gated on and off using bits of the SCGCx
registers of the SIM module. 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 the SCGCx register to enable the clock. Before turning off the
clock, make sure to disable the module.
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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-MO0+ core Platform clock Core clock —
NVIC Platform clock — —
DAP Platform clock — SWD_CLK
System modules
DMA System clock — —
DMA Mux Bus clock = =
Port control Bus clock = =
Crossbar Switch Platform clock — —
Peripheral bridges System clock Bus clock —
LLWU, PMC, SIM, RCM Bus clock LPO —
Mode controller Bus clock — —
MCM Platform clock — —
COP watchdog Bus clock LPO, Bus Clock, MCGIRCLK, —
OSCERCLK
CRC Bus clock — —
Clocks
MCG_Lite Bus clock MCGOUTCLK, MCGPCLK, —
MCGIRCLK, OSCERCLK,
ERCLK32K
0SC Bus clock OSCERCLK —
Memory and memory interfaces
Flash Controller Platform clock Flash clock =
Flash memory Flash clock — —
Analog
ADC Bus clock OSCERCLK =
CMP Bus clock — —
Internal Voltage Reference Bus clock — —
(VREF)
Timers
TPM Bus clock TPM clock TPM_CLKINO, TPM_CLKIN1
PIT Bus clock = =
LPTMR Bus clock LPO, OSCERCLK, —

MCGPCLK, ERCLK32K

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

RTC Bus clock ERCLK32K RTC_CLKOUT, RTC_CLKIN
Communication interfaces
SPIO Bus clock — SPI0O_SCK
SPI1 System clock — SPI1_SCK
[2Co System Clock — 12C0_SCL
[2C1 System Clock — I2C1_SCL
LPUARTO, LPUART1 Bus clock LPUARTO clock =
LPUART1 clock
UART2 Bus clock — —
FlexIO Bus clock FlexIO clock —

Human-machine interfaces

GPIO Platform clock —

5.7.1 PMC 1-kHz LPO clock

The Power Management Controller (PMC) generates a 1-kHz clock that is enabled in all
modes of operation, including all low-power modes except VLLSO. This 1-kHz source is
commonly referred to as LPO clock or 1-kHz LPO clock.

5.7.2 COP clocking

The COP may be clocked from four clock sources as shown in the following figure.

LPO 00
MCGIRCLK —01
OSCERCLK————{10

COP clock

Bus clock———{11

|

SIM_COPC[COPCLKSEL]
Figure 5-2. COP clock generation
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5.7.3 RTC clocking
The RTC module can be clocked as shown in the following figure.

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

OSC32KCLK ~—>00

ERCLK32K
LPO ~  (to RTC)

RTC_CLKIN 10

SIM_SOPT1[OSC32KSEL]

Figure 5-3. RTC clock generation

5.7.4 RTC_CLKOUT and CLKOUT32K clocking

When the RTC is enabled and the port control module selects the RTC_CLKOUT
function, the RTC_CLKOUT signal, controlled from SIM_SOPT2[RTCCLKOUTSEL],
outputs a 1 Hz or 32 kHz output derived from RTC oscillator as shown below and can be
configured to drive to external pins via pin control configuration for the associated pin. It
is also possible to drive CLKOUT32K on the same pins as controlled by
SIM_SOPTI1[OSC32KOUT] on the selected RTC_CLKOUT pins in all modes of
operation (including LLS/VLLS and System Reset), overriding the existing pin mux
configuration for that pin.
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SIM_SOPT1[OSC32KSEL]
SIM_SOPT1[0SC32KOUT]

OSC32KCLK —— 00

ERCLK32K 01
LPO ——— 11 > P
interface = PTEO/CLKOUT32K
RTC_CLKIN 10 oL
modules
OSCERCLK ——| 1
RTC_CLKOUT

RTC 1Hz clock ———{ 0

1

SIM_SOPT2[RTCCLKOUTSEL]

Figure 5-4. RTC_CLKOUT and CLKOUT32K 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 LPTMRXx is to
continue operating in all required low-power modes.

MCGIRCLK —00
LPO 11
LPO ol LPTMRXx prescaler/glitch
ERCLK32K i
RTC_CLKIN " 10 filter clock

OSCERCLK ———— 11

OSC32KCLK ——>|00 1

SIM_SOPT1[OSC32KSEL] LPTMRx_PSR[PCS]

Figure 5-5. LPTMRXx prescaler/glitch filter clock generation
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5.7.6 TPM clocking

The counter for the TPM modules has a selectable clock as shown in the following figure.

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

MCGIRCLK 11
OSCERCLK 10 ——> TPM clock
MCGPCLK >(01

SIM_SOPT2[TPMSRC]

Figure 5-6. TPM clock generation

5.7.7 LPUART clocking

The LPUARTO and LPUART1 have a selectable clock as shown in the following figure.
UART2 module operates from the bus clock.

NOTE
The chosen clock must remain enabled if the LPUARTO and

LPUART1 is to continue operating in all required low-power
modes.
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MCGIRCLK 11

OSCERCLK 10 | — - | PUARTO clock

MCGPCLK 01
SIM_SOPT2[LPUARTOSRC]

MCGIRCLK 11

OSCERCLK 10 | — | PUART1 clock

MCGPCLK 01

SIM_SOPT2[LPUART1SRC]

Figure 5-7. LPUARTO and LPUART1 clock generation

5.7.8 FlexlO clocking

The FlexIO module has a selectable clock as shown in the following figure.

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

MCGIRCLK

OSCERCLK

MCGPCLK

11

10 | — s FlexIO clock

01

SIM_SOPT2[FLEXIOSRC]
Figure 5-8. FlexlO clock generation
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Chapter 6
Reset and Boot

6.1 Introduction

The reset sources supported in this MCU are listed in the table found here.

Table 6-1. Reset sources

Reset sources Description
POR reset

System resets

Power-on reset (POR)

External pin reset (PIN)

Low-voltage detect (LVD)

Computer operating properly (COP) watchdog reset
Low leakage wakeup (LLWU) reset

Stop mode acknowledge error (SACKERR)
Software reset (SW)

Lockup reset (LOCKUP)

MDM DAP system reset

Debug reset

Debug reset

Each of the system reset sources has an associated bit in the System Reset Status (SRS)
registers. See the Reset Control Module for register details.

The MCU can exit and reset in functional mode where the CPU is executing code
(default) or the CPU is in a debug halted state. There are several boot options that can be
configured. See Boot information for more details.

6.2 Reset

The information found here 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.
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6.2.1 Power-on reset (POR)

When power is initially applied to the MCU or when the supply voltage drops below the
power-on reset re-arm voltage level (Vpgr), the POR circuit causes a POR reset
condition.

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply has
risen above the LVD low threshold (Vi ypr). The POR and LVD fields in the Reset
Status 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 program counter (PC) from vector-table offset 4

* Link register (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 SWD pins have their associated input pins configured
as:

* SWD_CLK in pulldown (PD)
* SWD_DIO in pullup (PU)

6.2.2.1 External pin reset (RESET)

This pin is open drain and has an internal pullup device. Asserting RESET wakes the
device from any mode.

The RESET pin can be disabled by programming RESET_PIN_CFG option bit to O.
When this option is selected, there could be a short period of contention during a POR
ramp where the device drives the pin-out low prior to establishing the setting of this
option and releasing the reset function on the pin.
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6.2.2.1.1 RESET pin filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. RCM_RPFC[RSTFLTSS], RCM_RPFC[RSTFLTSRW], and
RCM_RPFW[RSTFLTSEL] control this functionality; see the RCM chapter. The filters
are asynchronously reset by Chip POR. The reset value for each filter assumes the
RESET pin is negated.

For all stop modes where LPO clock is still active (Stop, VLPS, LLS, VLLS3, and
VLLS1 with SMC_STOPCTRL[LPOPO]=0), the only filtering option is the LPO-based
digital filter. The filtering logic either switches to bypass operation or has continued
filtering operation depending on the filtering mode selected. When entering VLLSO, the
RESET pin filter is disabled and bypassed.

The LPO filter has a fixed filter value of 3. Due to a synchronizer on the input data, there
1s also some associated latency (2 cycles). As a result, 5 cycles are required to complete a
transition from low to high or high to low.

6.2.2.2 Low-voltage detect (LVD)

The chip includes a system for managing low-voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in 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 PMC_LVDSCI1[LVDRE] to 1. The low-voltage detection threshold is
determined by PMC_LVDSCI[LVDV]. 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. RCM_SRSO[LVD] 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 RCM_SRSO[WDOG] to set.
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6.2.2.4 Low leakage wakeup (LLWU)

The LLWU module provides the means for a number of external pins to wake the MCU
from low leakage power modes. The LLWU module is functional only in low leakage
power modes. In VLLSx modes, all enabled inputs to the LLWU can generate a system
reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.

NOTE
Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral chapters for more information.

6.2.2.5 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter Stop mode or Compute Operation, but
not all modules acknowledge Stop mode within 1025 cycles of the 1 kHz LLPO 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.

6.2.2.6 Software reset (SW)

The SYSRESETREQ field 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
RCM_SRS1[SW] to set.

6.2.2.7 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 RCM_SRS1[LOCKUP] to
set.
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6.2.2.8 MDM-AP system reset request

Set the System Reset Request field in the MDM-AP control register to initiate a system
reset. This is the primary method for resets via the SWD interface. The system reset is
held until this field is cleared.

Set the Core Hold Reset field 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 POR Only
The POR Only reset asserts on the POR reset source only. It resets the PMC.

The POR Only reset also causes all other reset types to occur.

6.2.3.2 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).

6.2.3.3 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-Lite.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.
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6.2.3.4 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.

6.2.3.5 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module.
It negates before flash memory initialization begins ("earlier" than when the Chip Reset
negates).

6.2.3.6 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.

The RESET pin can be disabled by programming FTFA_FOPT[RESET_PIN_CFG]
option bit to 0 (See Table 6-2). When this option is selected, there could be a short period
of contention during a POR ramp where the device drives the pinout low prior to
establishing the setting of this option and releasing the reset function on the pin.

6.3 Boot

The information found here describes the boot sequence, including sources and options.
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Some configuration information such as clock trim values stored in factory programmed
flash locations 1s autoloaded.

6.3.1 Boot sources

The CMO+ core adds support for a programmable Vector Table Offset Register (VTOR)
to relocate the exception vector table. This device supports booting from:

 internal flash
* boot ROM

This device supports booting from internal flash with the reset vectors located at
addresses 0x0 (initial SP_main), 0x4 (initial PC).

The device is also able to boot from ROM. The ROM start address is from 0x1C00_0000.
When boot from ROM, it remaps all vector fetch to ROM base address. ROM code start
pointer locates in ROM vector table which address is 0x1C00_0000 where stack pointer
is offset 0x0 and reset vector is offset O0x4. Vector table and stack pointer are valid out of
reset. RCM mode register is cleared by software when Boot ROM completes, this
disables remapping of vector fetches. Boot source can change between reset, but is
always known before core reset negation. NMI input is disabled to platform when
booting from ROM. See FOPT section and Reset Control Module for more detail options.

The boot options can be overridden by using RCM_FM[2:1] and RCM_MR[2:1] which
can be written by software. The boot source remains set until the next System Reset or
software can write logic one to clear one or both of the mode bits.

6.3.2 FOPT boot options

The Flash Option (FOPT) register in the Flash Memory module (FTFA_FOPT) 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
default setting for all values in the FTFA_FOPT register is logic 1 since it is copied from
the option byte residing in flash, which has all bits as logic 1 in the flash erased state. To
configure for alternate settings, program the appropriate bits in the NVM option byte.
The new settings will take effect on subsequent POR, VLLSx recoveries, and any system
reset. For more details on programming the option byte, see the flash memory chapter.
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The MCU uses FTFA_FOPT to configure the device at reset as shown in the following
table. An FTFA_FOPT value of 0x00 is invalid and will be ignored. The FOPT register is
written to OxFF if the contents of the Flash nonvolatile option are 0x00.

Table 6-2. Flash Option Register (FTFA_FOPT) definition

Bit
Num

Field

Value

Definition

7-6

BOOTSRC_SEL

Boot Source Selection: these bits select the boot sources if boot pin option bit
BOOTPIN_OPT =1

00

Boot from Flash

01

Reserved

10

Boot from ROM

11

Boot from ROM

FAST_INIT

Selects

initialization speed on POR, VLLSx, and any system reset.

0

Slower initialization: The flash initialization will be slower with the benefit of
reduced average current during this time. The duration of the recovery will be
controlled by the clock divider selection determined by the LPBOOT setting.

Fast Initialization: The flash has faster recoveries at the expense of higher current
during these times.

RESET_PIN_CFG

Enables/disables control for the RESET pin.

0

RESET pin is disabled following a POR and cannot be enabled as reset function.
When this option is selected, there could be a short period of contention during a
POR ramp where the device drives the pinout low prior to establishing the setting
of this option and releasing the reset function on the pin.

This bit is preserved through system resets and low-power modes. When RESET
pin function is disabled, it cannot be used as a source for low-power mode wake-
up.

NOTE: When the reset pin has been disabled and security has been enabled by
means of the FSEC register, a mass erase can be performed only by
setting both the Mass Erase and System Reset Request fields in the
MDM-AP register.

RESET_b pin is dedicated. The port is configured as open drain and pullup
enabled.

NMI_DIS

Enables/disables control for the NMI function.

0

NMI interrupts are always blocked. The associated pin continues to default to NMI
pin controls with internal pullup enabled. When NMI pin function is disabled, it
cannot be used as a source for low-power mode wake-up.

1

NMI_b pin/interrupts reset default to enabled.

BOOTPIN_OPT

External

| pin selects boot options

0

Force Boot from ROM if BOOTCFGO asserted, where BOOTCFGO is the boot
config function which is muxed with NMI pin. RESET pin must be enabled
(FOPT[RESET_PIN_CFG] = 1) when this option is selected. NMI pin is sampled at
the end of reset (when reset pin negates). If BOOTCFGO pin is not asserted, Boot
source configured by FOPT[7:6] (BOOTSRC_SEL) bits.

Boot source configured by FOPT[7:6] ( BOOTSRC_SEL) bits

Table continues on the next page...
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Table 6-2. Flash Option Register (FTFA_FOPT) definition
(continued)

Bit Field Value Definition
Num
4.0 LPBOOT Controls the reset value of OUTDIV1 value in SIM_CLKDIV1 register, and the state of the

RUNM register in SMC_PMCTRL. Larger divide value selections produce lower average
power consumption during POR, VLLSx recoveries and reset sequencing and after reset
exit. The recovery times are also extended if the FAST_INIT option is not selected.!

00 Core and system clock divider (OUTDIV1) is 0x7 (divide by 8). Device is configured
for VLPR mode on exit from reset.

01 Core and system clock divider (OUTDIV1) is 0x3 (divide by 4). Device is configured
for VLPR mode on exit from reset.

10 Core and system clock divider (OUTDIV1) is Ox1 (divide by 2). Device is configured
for RUN mode on exit from reset.

11 Core and system clock divider (OUTDIV1) is 0x0 (divide by 1). Device is configured
for RUN mode on exit from reset.

1. Refer to Clock divider values after reset and RCM_FM, RCM_MR in the Reset Control Module (RCM) for details.

6.3.3 Boot sequence
The following figure is KL.17 boot flow chart.

| POR or Reset |

RCM[FORCEROM] =00
Y
N
FOPT[BOOTPIN_OPT]=0 l

BOOTCFGO pin=0
Y
FOPT[BOOTSRC N
_SEL]=10/11
Y

Boot from ROM Boot from Flash

Figure 6-1. Chip boot flow chart

At power up, the on-chip regulator holds the system in a POR state until the input supply
exceeds 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 Reset Controller logic then controls a sequence to exit reset.

1. A system reset is held on internal logic, the RESET pin is driven out low, and the
MCG-Lite is enabled in its default clocking mode.
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2. Required clocks are enabled (system clock, flash clock, and any bus clocks that do
not have clock gate control reset to disabled).

3. The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Reset Control logic
continues to drive the RESET pin out low.

4. Early in reset sequencing, the NVM option byte is read and stored to the FOPT
register of the Flash Memory module (FTFA_FOPT). If the bits associated with
FTFA_FOPT[LPBOOT] are programmed for an alternate clock divider reset value,
the system/core clock is switched to a slower clock speed. If
FTFA_FOPT[FAST_INIT] is programmed clear, the flash initialization switches to
slower clock resulting longer recovery times.

5. When flash Initialization completes, the RESET pin is released. If RESET continues
to be asserted (an indication of a slow rise time on the RESET pin or external drive
in low), the system continues to be held in reset. Once the RESET pin is detected
high, the core clock is enabled and the system is released from reset.

6. When the system exits reset, the processor sets up the stack, program counter (PC),
and link register (LR). The processor reads the start SP (SP_main) from vector-table
offset 0. The core reads the start PC from vector-table offset 4. LR is set to
OxFFFF_FFFF. The next sequence of events depends on the NMI/BOOTCFGO input
and FTFA_FOPT[NMI_DIS] and FTFA_FOPT[BOOTSRC_SEL] and
FTFA_FOPT[BOOTPIN_OPT] as well as RCM_FM[FORCEROM] and
RCM_MR[BOOTROM](See Table 6-2 and RCM block guide) :

« If the NMI/BOOTCFGO input is high or the NMI function is disabled in
FTFA_FOPT, the CPU begins execution at the PC location.

e If the NMI/BOOTCFGO input is low, the NMI function is enabled in
FTFA_FOPT, and FTFA_FOPT[BOOTPIN_OPT] = 1, this results in an NMI
interrupt. The processor executes an Exception Entry and reads the NMI
interrupt handler address from vector-table offset 8. The CPU begins execution
at the NMI interrupt handler.

« When FTFA_FOPT[BOOTPIN_OPT] = 0, it forces boot from ROM if NMI/
BOOTCFGO pin set to 0.

NOTE

When working in Debug mode, write 00b to the
FTFA_FOPT[BOOTSRC_SEL] to configure boot source to
internal flash, otherwise, code start pointer locates in ROM
vector table.

If the NMI function is not required, either for an interrupt or
wake up source, it is recommended that the NMI function be
disabled by clearing NMI_DIS in the FOPT register.
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Subsequent system resets follow this same reset flow.
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Chapter 7
Power Management

7.1 Introduction

Information about the various chip power modes and functionality of the individual
modules in these modes can be found here.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
power management techniques.

7.2 Clocking modes

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

7.2.1 Partial Stop

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

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

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

7.2.2 DMA Wakeup

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

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

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

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

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

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

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

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

7.2.3 Compute Operation

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

NOTE

Do not enter any Stop mode without first exiting Compute
Operation.

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

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

* When entering Compute Operation, the CPOACK status field in the CPO register of
MCM module (MCM_CPO[CPOACK]) indicates when entry has completed.

* When exiting Compute Operation in Run mode, MCM_CPO[CPOACK] negates
immediately.

e When exiting Compute Operation in VLP Run mode, the exit is delayed to allow the
PMC to handle the change in power consumption. This delay means that
MCM_CPO[CPOACK] is polled to determine when the AIPS peripheral space can
be accessed without generating a bus error.

The DMA wake-up is also supported during Compute Operation and causes
MCM_CPO[CPOACK] to clear and the AIPS peripheral space to be accessible for the
duration of the DMA wakeup. At the completion of the DMA wake-up, the device
transitions back into Compute Operation.

7.2.4 Peripheral Doze

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

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

e The CPU is in Wait mode.

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

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

can be used to disable selected bus masters or slaves that should remain inactive during a
DMA wakeup.

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

power consumption during Compute Operation when executing code and vectors from
SRAM.

7.2.5 Clock gating

To conserve power, the clocks to most modules can be turned off using the SCGCx
registers in the SIM module. The bits of these registers 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, see the Clock Distribution and SIM
chapters.

7.3 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.
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The three primary modes of operation are Run, Wait, and Stop. The WFI instruction
invokes both Wait and Stop modes for the chip. The primary modes are augmented in a
number of ways to provide lower power based on application needs.

Table 7-1. Chip power modes

Chip mode

Description

Core mode

Normal
recovery
method

Normal Run

Allows maximum performance of chip.
* Default mode out of reset
* On-chip voltage regulator is on.

Run

Normal Wait -
via WFI

Allows peripherals to function while the core is in Sleep mode,
reducing power.

¢ NVIC remains sensitive to interrupts

* Peripherals continue to be clocked.

Sleep

Interrupt

Normal Stop -
via WFI

Places chip in static state. Lowest power mode that retains all registers
while maintaining LVD protection.

* NVIC is disabled.

* AWIC is used to wake up from interrupt.

* Peripheral clocks are stopped.

Sleep Deep

Interrupt

VLPR (Very
Low-Power Run)

On-chip voltage regulator is in a low-power mode that supplies only
enough power to run the chip at a reduced frequency. Only MCG-Lite
modes LIRC and EXT can be used in VLPR.
* Reduced frequency Flash access mode (1 MHz)
e LVD off
¢ In LIRC clock mode, only the internal reference oscillator
(LIRC8M) is available to provide a low power nominal 4 MHz
source for the core with the nominal bus and flash clock required
to be <1 MHz
* Alternatively, EXT clock mode can be used with an external
clock or the crystal oscillator providing the clock source.

Run

VLPW (Very
Low-Power
Wait) -via WFI

Same as VLPR but with the core in Sleep mode to further reduce
power.
* NVIC remains sensitive to interrupts (CPU clk = ON).
* On-chip voltage regulator is in a low-power mode that supplies
only enough power to run the chip at a reduced frequency.

Sleep

Interrupt

VLPS (Very
Low-Power
Stop)-via WFI

Places chip in static state with LVD operation off. Lowest power mode
with ADC and pin interrupts functional.
¢ Peripheral clocks are stopped, but OSC, LPTMR, RTC, CMP can
be used.
e UART, LPUART and TPM can optionally be enabled if their clock
source is enabled.
* NVIC is disabled (CPU clk = 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).

Sleep Deep

Interrupt

LLS (Low-
Leakage Stop)

State retention power mode
* Most peripherals are in state retention mode (with clocks
stopped), but OSC, LLWU,LPTMR, RTC, CMP can be used.

¢ NVIC is disabled; LLWU is used to wake up.

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
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 OSC, Sleep Deep | Wake-up Reset?
Low-Leakage LLWU, LPTMR, RTC, CMP can be used.
Stop3) ¢ NVIC is disabled; LLWU is used to wake up.

* SRAM_U and SRAM_L remain powered on (content retained
and I/O states held).

VLLS1 (Very * Most peripherals are disabled (with clocks stopped), but OSC, Sleep Deep | Wake-up Reset?
Low-Leakage LLWU, LPTMR, RTC, CMP can be used.
Stop1) ¢ NVIC is disabled; LLWU is used to wake up.

¢ All of SRAM_U and SRAM_L are powered off.
* The 32-byte system register file remains powered for customer-

critical data
VLLSO (Very ¢ Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep | Wake-up Reset?
Low-Leakage LPTMR, RTC can be used.
Stop 0) ¢ NVIC is disabled; LLWU is used to wake up.

¢ All of SRAM_U and SRAM_L are powered off.

* The 32-byte system register file remains powered for customer-
critical data

¢ LPO disabled, optional POR brown-out detection

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.

7.4 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt.

For LLS and VLLS modes, the wake-up sources are limited to LLWU generated wake-
ups,NMI_b pin, or RESET_b pin assertions. When the NMI_b pin or RESET_b pin have
been disabled through associated FTFA_FOPT settings, then these pins are ignored as
wakeup sources. The wake-up flow from VLLSx is always through reset.

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.

On VLLS recoveries, the I/O pins continue to be held in a static state after code execution
begins, allowing software to reconfigure the system before unlocking the I/O. RAM is

retained in VLLS3 only.
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NOTE
Before transition to VLPR mode, it should change core/bus
clock to safe frequency (core clock less than or equal to 4Mhz,
bus clock less than or equal to 1Mhz).

7.5 Module operation in low-power modes

The table found here illustrates the functionality of each module while the chip is in each
of the low power modes.

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

Debug modules are discussed separately; see Debug in low-power modes. Number
ratings (such as 4 MHz and 1 Mbit/s) represent the maximum frequencies or maximum
data rates per mode. Following is list of terms also used in the table.

* FF = Full functionality. In VLPR and VLPW, the system frequency is limited, but if
a module does not have a limitation in its functionality, it is still listed as FF.

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

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

» powered = Memory is powered to retain contents.

* low power = Memory is powered to retain contents in a lower power state

* OFF = Modules are powered off; module is in reset state upon wake-up. For clocks,
OFF means disabled.

» wakeup = Modules can serve as a wake-up source for the chip.

Table 7-2. Module operation in low power modes

Table continues on the next page...
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Modules | VLPR | VLPW | Stop | VLPS | LLS | VLLSx
Core modules
NVIC | FF | FF | static | static | static | OFF
System modules

Mode Controller FF FF FF FF FF FF

LLwu? static static static static FF FF2

Regulator low power low power ON low power low power low power in
VLLSS, OFF in

VLLS0/1

LVD disabled disabled ON disabled disabled disabled

Brown-out ON ON ON ON ON ONin VLLS1/3,

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

Modules VLPR VLPW Stop VLPS LLS VLLSx
disabled in
VLLSO?
DMA FF FF Async operation | Async operation static OFF
Async operation
in CPO
COP watchdog FF FF Optional work Optional work static OFF
. with clock with clock
static in CPO
source enabled | source enabled
in stop mode in stop mode
FF in PSTOP2
CRC FF FF static static Static OFF
Clocks
1kHz LPO ON ON ON ON ON ON in VLLS1/3,
optional be
disabled by
SMC_STOPCT
RL [LPOPQO],
OFF in VLLSO
System OSCERCLK OSCERCLK OSCERCLK OSCERCLK OSCERCLK OSCERCLK
oscillator (OSC) | max of 16MHz | max of 16MHz optional max of 16MHz | max of 16MHz | max of 16MHz
crystal crystal crystal crystal crystal in
VLLS1/3, OFF in
VLLSO
MCG_Lite 4 MHz 4 MHz static - static - static - no clock OFF
MCGIRCLK MCGIRCLK output
optional optional
Core clock 4 MHz max OFF OFF OFF OFF OFF
Platform clock 4 MHz max 4 MHz max OFF OFF OFF OFF
System clock 4 MHz max 4 MHz max OFF OFF OFF OFF
OFF in CPO
Bus clock 1 MHz max 1 MHz max OFF OFF OFF OFF
OFF in CPO 24 MHz max in
PSTOP2 from
RUN
1 MHz max in
PSTOP2 from
VLPR
Memory and memory interfaces
Flash 1 MHz max low power low power low power OFF OFF
access - no
program
No register
access in CPO
SRAM_U and low power low power low power low power low power low power in
SRAM_L VLLS3, OFF in
VLLS0/1

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

Modules VLPR VLPW Stop VLPS LLS VLLSx
System Register powered powered powered powered powered powered
File

Communication interfaces
LPUARTO, 1 Mbit/s 1 Mbit/s Async operation | Async operation static OFF
LPUARTH Async operation FF in PSTOP2
in CPO
UART2 62.5 kbit/s 62.5 kbit/s static, wakeup | static, wakeup static OFF
static, wakeup on edge on edge
on edge in CPO FF in PSTOP2
SPIO (without master mode master mode static, slave static, slave static OFF
FIFO) 500 kbit/s, 500 kbit/s, mode receive mode receive
slave mode 250 | slave mode 250 | FF in PSTOP2
kbit/s kbit/s
static, slave
mode receive in
CPO
SPI1 (with FIFO)| master mode 2 | master mode 2 static, slave static, slave static OFF
Mbit/s, Mbit/s, mode receive mode receive
slave mode 1 slave mode 1
Mbit/s Mbit/s
static, slave
mode receive in
CPO
[2Co 100 kbit/s 100 kbit/s static, address | static, address static OFF
static, address match wakeup | match wakeup
match wakeup
in CPO
[2C1 100 kbit/s 100 kbit/s static, address | static, address static OFF
static, address match wakeup | match wakeup
match wakeup
in CPO
FlexlO FF FF FF FF static OFF
Timers
TPM FF FF Async operation | Async operation static OFF
Async operation FF in PSTOP2
in CPO
PIT FF FF static static static OFF
static in CPO
LPTMR FF FF Async operation | Async operation | Async operation Async
iand
FF in PSTOP2 operation
RTC FF FF Async operation | Async operation | Async operation Async
. . operation®
Async operation FF in PSTOP2
in CPO
Analog
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules VLPR VLPW Stop VLPS LLS VLLSx
16-bit ADC FF FF ADC internal ADC internal static OFF
ADC internal clock only clock only
clock only in FF in PSTOP2
CPO
CMPS FF FF HS or LS HS or LS LS compare LS compare in
HS or LS compare compare VLLS1/3, OFF in
compare in CPO FF in PSTOP2 VLLSO
6-bit DAC FF FF static static static static, OFF in
. . VLLSO
static in CPO FF in PSTOP2
Internal Voltage FF FF static static static static, OFF in
Reference L. . VLLSO
(VREF) static in CPO FF in PSTOP2
Human-machine interfaces
GPIO FF FF static output, static output, static, pins OFF, pins
IOPORT write wakeup input wakeup input latched latched
only in CPO FF in PSTOP2

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.

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

3. STOPCTRL[PORPOQ] in the SMC module controls this option.

4. LPO clock source is not available in VLLSO. Also, to use system OSC in VLLSO it must be configured for bypass (external
clock) operation. Pulse counting is available in all modes.

5. In VLLSO the only clocking option is from RTC_CLKIN.

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.
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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.

8.1.1 Flash security

The flash module provides security information to the MCU based on the state held by
FTFA_FSEC[SEC]. The MCU, in turn, confirms the security request and limits access to
flash resources. During reset, the flash module initializes FTFA_FSEC using data read
from the security byte of the flash configuration field.

NOTE
The security features apply only to external accesses: debug.
CPU accesses to the flash are not affected by the status of
FTFA_FSEC.

In the unsecured state, all flash commands are available on the programming interfaces
either from the debug port (SWD) or user code execution. When the flash is secured
(FTFA_FSEC[SEC] =00, 01, or 11), the programmer interfaces are only allowed to
launch mass erase operations. Additionally, in this mode, the debug port has no access to
memory locations.

8.1.2 Security interactions with other modules

The flash security settings are used by the system 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.
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8.1.2.1 Security interactions with Debug

When flash security is active, the SWD port cannot access the memory resources of the
MCU.

Although most debug functions are disabled, the debugger can write to the Flash Mass
Erase in Progress field of 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 debug of this device is based on the ARM CoreSight™ architecture and is
configured to provide the maximum flexibility as allowed by the restrictions of the pinout
and other available resources.

It provides register and memory accessibility from the external debugger interface, basic
run/halt control plus 2 breakpoints and 2 watchpoints.

Only one debug interface is supported:

* Serial Wire Debug (SWD)

9.2 Debug port pin descriptions
The debug port pins default after POR to their SWD functionality.

Table 9-1. Serial wire debug pin description

Pin name Type Description
SWD_CLK Input Serial Wire Clock

This pin is the clock for debug logic when in the Serial Wire Debug mode.
This pin is pulled down internally.

SWD_DIO Input / Output Serial Wire Debug Data Input/Output

The SWD_DIO pin is used by an external debug tool for communication
and device control. This pin is pulled up internally.
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9.3 SWD 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 figure found
here.

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 using
SWD. The MDM-AP is accessible as Debug Access Port 1 with the available registers
shown in this table.

Table 9-2. MDM-AP register summary

Address Register Description
0x0100_0000 Status See MDM-AP Status Register
0x0100_0004 Control See MDM-AP Control Register
0x0100_00FC IDR Read-only identification register that
always reads as 0x001C_0020
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Figure 9-1. MDM AP addressing

9.3.1 MDM-AP Control Register
Table 9-3. 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.

Table continues on the next page...
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Table 9-3. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

If the core is in a Stop or Wait mode, this bit can be used to wake the
core and transition to a halted state.

3 |System Reset Request Y 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
reinitialize 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.

VLLDBGREQ 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.

VLLDBGACK is cleared by the debugger or can be left set because it
clears automatically due to the POR reset generated as part of the
next VLLSx recovery.

7 |LLS, VLLSx Status Acknowledge |N Set this bit to acknowledge the DAP LLS and VLLS Status bits have
been read. This acknowledge automatically clears the status bits.

This bit is used by the debugger to clear the sticky LLS and VLLSx
mode entry status bits. This bit is asserted and cleared by the
debugger.

8 — |[Reserved for future use N
31

1. Command available in secure mode
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9.3.2 MDM-AP Status Register
Table 9-4. 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 setting of Flash Mass Erase in Progress bit is not
acknowledged.

1 Flash Ready Indicates Flash has been initialized and debugger can be configured even
if system is continuing to be held in reset via the debugger.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This bit
indicates when the part is locked and no system bus access is possible.

3 System Reset Indicates the system reset state.
0 System is in reset.

1 System is not in reset.

Reserved
Mass Erase Enable Indicates if the MCU can be mass erased or not

0 Mass erase is disabled.
1 Mass erase is enabled .

6 Backdoor Access Key Enable Indicates if the MCU has the backdoor access key enabled.
0 Disabled
1 Enabled

7 LP Enabled Decode of SMC_PMCTRL[STOPM] field 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 conjunction 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 SWD_CLK 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.

Table continues on the next page...
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Table 9-4. MDM-AP Status register assignments (continued)

Bit Name Description

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.

9.4 Debug resets

The debug system receives the following sources of reset:

* 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 field 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 1n reset.

9.5 Micro Trace Buffer (MTB)

The Micro Trace Buffer (MTB) provides a simple execution trace capability for the
Cortex-MO+ processor.
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When enabled, the MTB records changes in program flow reported by the Cortex-MO+

processor, via the execution trace interface, into a configurable region of the SRAM.

Subsequently, an off-chip debugger may extract the trace information, which would

allow reconstruction of an instruction flow trace. The MTB does not include any form of

load/store data trace capability or tracing of any other information.

In addition to providing the trace capability, the MTB also operates as a simple AHB-Lite
SRAM controller. The system bus masters, including the processor, have read/write
access to all of the SRAM via the AHB-Lite interface, allowing the memory to be also
used to store program and data information. The MTB simultaneously stores the trace
information into an attached SRAM and allows bus masters to access the memory. The
MTB ensures that trace information write accesses to the SRAM take priority over
accesses from the AHB-Lite interface.

The MTB includes trace control registers for configuring and triggering the MTB
functions. The MTB also supports triggering via TSTART and TSTOP control functions
in the MTB DWT module.

9.6 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, CPU clk continues to run to support core register access. In these
modes in which CPU clk 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 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.
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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.

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 to 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.

9.7 Debug and security

When flash security is enabled, 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 status register and can determine
the current security state of the device. In the case of a secure device, the debugger has
the capability of only performing a mass erase operation.
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Chapter 10
Pinouts and Packaging

10.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. Information found here 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. Refer to that
chapter to find which register controls the operation of a specific pin.

10.2 Signal multiplexing integration

Information found here 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/ |~ . £
: : Port Control : : g
[ Modute |- e

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 Clock gating

The clock to the port control module can be gated on and off using the SCGC5[PORTx]
bits in the SIM module. These bits are cleared after any reset, which disables the clock to
the corresponding module to conserve power. Prior to initializing the corresponding
module, set SIM_SCGCS5[PORTX] to enable the clock. Before turning off the clock,
make sure to disable the module. For more details, see the Clock distribution chapter.

10.2.2 Signal multiplexing constraints

1. A given peripheral function must be assigned to a maximum of one package pin. Do
not program the same function to more than one pin.

2. To ensure the best signal timing for a given peripheral's interface, choose the pins in
closest proximity to each other.

10.3 KL17 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

NOTE
The 48 QFN and 64 MAPBGA packages for this product are
not yet available. However, these packages are included in
Package Your Way program for Kinetis MCUs. Visit nxp.com/

KPYW for more details.

64 | 36 | 32| 48 | 64 | PinName | Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTS ALT?
LQFP| XFB | QFN | QFN | MAP

GA BGA
— | | 9] =] —|VREFO | VREFOB | VREF0B
— [ =] =] = cs|Ne NC NC
1 M| 1] =] m [P DISABLED PTEQ/ SPI_MISO | LPUARTT_ | RTC_ CMPO_OUT | 12C1_SDA

CLKOUT32K ™ CLKOUT
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64 | 36 | 32 | 48 | 64 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP| XFB | QFN | QFN | MAP
GA BGA
2 | B 2 | — | Bt |PTEt DISABLED PTE1 SPI1_MOSI | LPUART1_ SPI1_MISO | 12C1_SCL
RX

3| = | = 1 — | VDD VDD VDD

4 | C4| — | 2 | C4|VSS VSS VSS

51 C1| 3 3 | E1 | PTE16 ADCO_DP1/ | ADCO_DP1/ | PTE16 SPI0_PCSO | UART2_TX | TPM_ FXI00_D0
ADCO_SE1 | ADCO_SE1 CLKINO

6 | C1| 4 4 | D1 | PTE17 ADCO_DM1/ | ADCO_DM1/ | PTE17 SPI0_SCK | UART2_RX | TPM_ LPTMRO_ | FXIO0_D1
ADCO_SE5a | ADC0_SE5a CLKINt ALTS

71D 5 5 | E2 | PTE18 ADC0_DP2/ | ADCO_DP2/ | PTE18 SPI0_MOSI [2C0_SDA | SPI0_MISO | FXI00_D2
ADC0_SE2 | ADCO_SE2

8 | D2| 6 6 | D2 | PTE19 ADC0_DM2/ | ADCO_DM2/ | PTE19 SPI0_MISO [2C0_SCL | SPIO_MOSI | FXI00_D3
ADCO_SEa | ADC0_SE6a

9 | B3| — | 7 | GI |PTE2 ADCO_DPO/ | ADCO_DPO/ | PTE20 TPM1_CHO | LPUARTO_ FXI00_D4
ADC0_SE0 | ADCO_SEQ X

10 E2| — | 8 | F1 |PTE2 ADCO_DMO/ | ADCO_DMO/ | PTE21 TPM1_CH1 | LPUARTO_ FXI00_D5
ADCO_SE4a | ADCO_SE4a RX

] B | —| —| G2 |PTE2 ADC0_DP3/ | ADCO_DP3/ | PTE22 TPM2_CHO | UART2_TX FXI00_D6
ADC0_SE3 | ADC0_SE3

2| M| —| — | F2|PTE2 ADCO_DM3/ | ADCO_DM3/ | PTE23 TPM2_CH1 | UART2_RX FXI00_D7

ADC0_SE7a | ADC0_SET7a
3] D38| 7 9 | F4 | VDDA VDDA VDDA

41 D38| 7 | 10| G4 | VREFH VREFH VREFH

41 — | — | 10| G4 | VREFO VREFO_A | VREFO_A
51 D4| 8 | 11| G3 |VRERL VREFL VREFL

16| D4| 8 | 12| F3 |VSSA VSSA VSSA

7] —| — | 13| Ht |PTE9 CMPO_INs/ | CMPO_INS/ | PTE29 TPMO_CH2 | TPM_
ADCO_SE4b | ADCO_SE4b CLKINO
8 F2| 9 | 14| H2 |PTE30 ADCO_ ADCO_ PTE30 TPMO_CH3 | TPM_ LPUART1_ | LPTMRO_
SE23/ SE23/ CLKINt X ALT1
CMPO_IN4 | CMPO_IN4
9] = | — | — | H3|PTE3 DISABLED PTE31 TPM0_CH4
20| —| — | 15| H4 | PTEA DISABLED PTE24 TPM0_CHO 2C0_SCL
2| = | — | 16| H5 | PTE2S DISABLED PTE25 TPMO_CH1 [2C0_SDA
2 | F38 | 10| 17 | D3 | PTA0 SWD_CLK PTAO TPM0_CH5 SWD_CLK
23| F4| 11| 18| D4 | PTA DISABLED PTA1 LPUARTO_ | TPM2_CHO
RX
24| B4 | 12| 19 | E5 |PTA2 DISABLED PTA2 LPUARTO_ | TPM2_CH1
X
2 | E5 | 13| 20 | D5 | PTA3 SWD_DIO PTA3 [2C1_SCL | TPM0_CHO SWD_DIO
26 | F5 | 14| 21 | G5 | PTM NMI_b PTA4 [2C1_SDA | TPMO_CH1 NMI_b
20 = | = | — | F5|PTAS DISABLED PTAS TPM0_CH2
8| —| — | — | H6 | PTA2 DISABLED PTA12 TPM1_CHO
29| — | —| — | G6|PTA3 DISABLED PTA13 TPM1_CH1
| C| 15| 2 | G7|VDD VDD VDD
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64 | 36 | 32 | 48 | 64 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP| XFB | QFN | QFN | MAP
GA BGA
31| C4| 16| 23 | H7 | VSS VSS VSS
2| F6 | 17| 24| H8 | PTA18 EXTALO EXTALO PTA18 LPUART1_ | TPM_
RX CLKINO
33| E6 | 18| 25 | G8 | PTA19 XTALO XTALO PTA19 LPUART1_ | TPM_ LPTMRO_
I CLKINt ALT1
34 | D5 | 19| 26 | F8 | PTA2 RESET b PTA20 RESET b
3% | D6 | 20 | 27 | F7 | PTBO/ ADC0_SE8 | ADC0_SE8 | PTBO/ [2C0_SCL | TPM1_CHO | SPI_MOSI | SPI1_MISO
LLWU_P5 LLWU_P5
3% | C6| 21 | 28 | F6 | PTBI ADCO_SE9 | ADCO_SE9 | PTBI [2C0_SDA | TPM1_CH1 | SPI1_MISO | SPI1_MQSI
| = —| 29| E7 |PTB2 ADCO_SE12 | ADCO_SE12 | PTB2 [2C0_SCL | TPM2_CHO
| —| — | 30 | E8 |PTBS ADCO_SE13 | ADCO_SE13 | PTB3 [2C0_SDA | TPM2_CH1
| —| — | 3 | E6 |PTBI6 DISABLED PTB16 SPI1_MOSI | LPUARTO_ | TPM_ SPI1_MISO
RX CLKINO
| —| — | 3| D7 |PTBI7 DISABLED PTB17 SPIH_MISO | LPUARTO_ | TPM_ SPI1_MOSI
X CLKIN1
44| —| —| — | D6 |PTBI8 DISABLED PTB18 TPM2_CHO
1 —| —| — | C7 |PTBIY DISABLED PTB19 TPM2_CH1
43| — | — | 33| D8 |PTCO ADCO_SE14 | ADCO_SE14 | PTCO EXTRG_IN CMPO_OUT
4 | C5 | 2 | 34 | C6 |PTCY ADCO_SE15 | ADCO_SE15 | PTCH/ 2C1_SCL TPM0_CHO
LLWU_Pe/ LLWU_Pe/
RTC_CLKIN RTC_CLKIN
45 | B6 | 23| 3% | B7 |PTC2 ADCO_SE11 | ADCO_SE11 | PTC2 2C1_SDA TPM0_CH1
46 | B5 | 24| 36 | C8 |PTCY DISABLED PTCY/ SPI1_SCK | LPUART1_ | TPM0_CH2 | CLKOUT
LLWU_P7 LLWU_P7 RX
a7 | — | —| — | E3|VSS VSS VSS
84| —| —| — | E4|VDD VDD VDD
49 | A6 | 25| 37 | B8 | PTC4 DISABLED PTC4/ SPI0_PCS0 | LPUARTY_ | TPMO_CH3 | SPI1_PCS0
LLWU_P8 LLWU_P8 X
5 | A5 | 26 | 38 | A8 | PTCY DISABLED PTCS/ SPI0_SCK | LPTMRO_ CMPO_OUT
LLWU_P9 LLWU_P9 ALT2
50| B4 | 27| 39 | A7 | PTCO/ CMPO_INO | CMPO_INO | PTCE/ SPI0_MOSI | EXTRG_IN SPI0_MISO
LLWU_P10 LLWU_P10
5 | M| 28| 40| B6 | PTC7 CMPO_IN1 | CMPO_IN1 | PTC7 SPI0_MISO SPI0_MOSI
5 | —| —| — | A6 |PTC8 CMPO_IN2 | CMPO_IN2 | PTC8 [2C0_SCL | TPMO0_CH4
5 | —| —| — | B5|PTCY CMPO_IN3 | CMPO_IN3 | PTC9 [2C0_SDA | TPM0_CH5
5% | — | — | — | B4 |PTCI0 DISABLED PTC10 2C1_SCL
5 | — | — | — | A5 |PTCH DISABLED PTC11 2C1_SDA
5 | — | — | # | C3|PTDO DISABLED PTDO SPI0_PCS0 TPM0_CHO FXI00_D0
5 | — | — | 42| M |PTD ADCO_SE5b | ADCO_SESb | PTD1 SPI0_SCK TPMO_CH1 FXI00_D1
5 | — | — | 43| C2|PTD2 DISABLED PTD2 SPIO_MOSI | UART2_RX | TPMO_CH2 | SPIO_MISO | FXI00_D2
60 | — | — | 44| B3 | PIDS DISABLED PTD3 SPI0_MISO | UART2_TX | TPMO_CH3 | SPIO_MOSI | FXI00_D3
61 | A3 | 20| 46 | A3 | PTD4 DISABLED PTD4/ SPI1_PCS0 | UART2_RX | TPMO0_CH4 FXI00_D4
LLWU_P14 LLWU_P14
62 | B3 | 30| 46 | C1 | PTD5 ADCO_SEBb | ADCO_SE6b | PTD5 SPI1_SCK | UART2_TX | TPM0_CH5 FXI00_D5
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64 | 36 | 32 | 4 | 64 | PinName | Defaut | ALTO ALT1 ALT2 ALT3 ALT4 ALT ALTS ALT?
LQFP| XFB | QFN | QFN | MAP
GA BGA
63 | B2 | 31 | 47 | B2 |PTDS | ADCO_SEZb | ADCO.SE7b | PTDS/ | SPI_MOSI | LPUARTO_ | I2C1_SDA | SPI_MISO | FXI00_D6
LLWU_P15 LLWU_P15 RX
64| A2 | 2| 4| A |PTD7 DISABLED PTD? SPI1_MISO | LPUARTO | I2C1.SCL | SPI1_MOSI | FXI00_D7
)
10.4 KL17 Family Pinouts
The figure below shows the 32 QFN pinouts.
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PTE1 [ ]2 23 [ | PTC2
PTE16 | |3 22 [_| PTC1/LLWU_P6/RTC_CLKIN
PTE17 | |4 21 [_| PTB1
PTE18 | s 20 [_| PTBO/LLWU_P5
PTE19 [ Je 19 [| PTA20
VDDA VREFH | |7 18 [_| PTA19
VREFLVSSA ["s 17 [_| PTA18
HENINENENENENEN
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pEERRieE
i
L
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>
Figure 10-2. 32 QFN Pinout diagram (transparent top view)
The figure below shows the 48 QFN pinouts.
NOTE
The 48 QFN package for this product is not yet available.
However, it 1s included in Package Your Way program for
Kinetis MCUs. Visit nxp.com/KPYW for more details.
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Figure 10-3. 48 QFN Pinout diagram (transparent top view)

The figure below shows the 64 MAPBGA pinouts.

NOTE
The 64 MAPBGA package for this product is not yet available.
However, it 1s included in Package Your Way program for
Kinetis MCUs. Visit nxp.com/KPYW for more details.
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1 2 3 4 5 6 7 8
A | PrE ptD7 | PTD4 | pTD1 PTCH PT PTCE/ | PTCS | 4
0 LLWU_P14 ¢ ce LLWU_P10| LLWU_P9
PTD6/ PTC4/
B | PTEL | U os| P8 | PTOT0 | PTCS PTC7 prcz | Prce | e
c| pms PTD2 PTDO vss NC POV | ereie | PTG | ¢
LLWU_Ps&/ LLWU_P7
RTC_CLKIN
p | prez | PTEIS PTAO PTAT PTA3 ptB18 | PTB17 | PTCO | D
E | prEte | PTEI8 vss VDD PTA2 PTBI6 | PTB2 PTB3 | E
F | PrE2t | PTE23 | vssa VDDA PTAS PTB1 PTBO/ | prazo | F
LLWU_P5
VREFH
G | Preco | PTE2e | vmerL | VREEE | PTAe PTA13 VDD PTAt9 | G
H | pre2o | PTES0 | PTE31 | PTE24 | PTE2s | PTAT2 vss pTa18 | H
1 2 3 4 5 6 7 8

Figure 10-4. 64 MAPBGA Pinout diagram (transparent top view)
The figure below shows the 64 LQFP pinouts:
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prel7 [ |e 43| ] prco
PTE18 [ |7 42| ] P19
PTE19 [ |8 41| ] pTBI8
pre2o [ |9 4| ] pTBI7
PTE2t [ |10 39| | prBi6
PTE22 [ | 11 38| | pTE3
pTE2s [ |12 37| ] prB2
voba [ |13 36| | PTBH
VREFHVREFO [_|14 35| | pTBOLLWU_PS
vrRerL [ |15 34| ] pra20
vssa [ |16 33| | prate

PTE29 [ | 17
PTE30 [ | 18
PTEST [ | 19
PTE24 [ | 20
PTE2s [ 21
pTao [ | 22
pTat || 23
paz [ | 24
pras [ 25
pTasa || 26
Pras [ | 27
Ptz [ | 28
PTats [ | 29
vop [_| 30
vss [_| s
PTats [ | 32

Figure 10-5. 64 LQFP Pinout diagram (top view)
The figure below shows the 36 XFBGA pinouts:
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1 2 3 4 5 6
PTD4/ PTCS/ PTC4/
A PTEO PO7 | \wu pra| PTC7 Lo po | LW s A
PTD6/ PTC6/ PTC3/
B PTEY liwupis| P™P% |wwu_pro| wwu_pr | PTC2 B
PTC1/
c | PTE17 PTE16 VDD vss | Lwu_pe/| PTBI c
RTC_CLKI
VDDA/ | VREFL/ PTBO/
D | PTE18 PTE1D | \mern VSSA PTA20 | | wu ps | D
E | PTE22 PTE21 PTE20 PTA2 PTA3 PTA19 | E
F PTE23 | VREFO/ PTAO PTA1 PTA4 PTA18 F
PTE30
1 2 3 4 5 6

Figure 10-6. 36 XFBGA Pinout diagram (transparent top view)

10.5 Module Signal Description Tables

10.5.1 Core modules
Table 10-2. SWD signal descriptions

Chip signal name Module signal Description /0
name
SWD_DIO SWD_DIO Serial Wire Debug Data Input/Output Input /
Output

The SWD_DIO pin is used by an external debug tool for
communication and device control. This pin is pulled up internally.

SWD_CLK SWD_CLK Serial Wire Clock Input

This pin is the clock for debug logic when in the Serial Wire Debug
mode. This pin is pulled down internally.
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10.5.2 System modules

Table 10-3. 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 bidirectional signal I/0
VDD — MCU power I
VSS — MCU ground I
Table 10-4. LLWU signal descriptions
Chip signal name Module signal Description /0
name
LLWU_Pn LLWU_Pn Wakeup inputs (n=5, 6, 7, 8,9, 10, 14, 15)
10.5.3 Clock modules
Table 10-5. OSC signal descriptions
Chip signal name Module signal Description /0
name
EXTALO EXTAL External clock/Oscillator input I
XTALO XTAL Oscillator output (0]
10.5.4 Memories and memory interfaces
10.5.5 Analog
This table presents the signal descriptions of the ADCO module.
Table 10-6. ADCO signal descriptions
Chip signal name Module signal Description /0

name

ADCO_DPn

DADP3-DADPO

Differential Analog Channel Inputs

ADCO_DMn

DADM3-DADMO

Differential Analog Channel Inputs

Table continues on the next page...
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Table 10-6. ADCO signal descriptions (continued)

Chip signal name Module signal Description /0
name

ADCO_SEn ADn Single-Ended Analog Channel Inputs I
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground |
EXTRG_IN ADHWT Hardware trigger I

This table presents the signal descriptions of the CMP0O module.

Table 10-7. CMPO 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]

10.5.6 Timer Modules

Table 10-8. TPMO signal descriptions

Chip signal name Module signal Description /0
name
TPM_CLKIN[1:0] TPM_EXTCLK External clock. TPM external clock can be selected to increment the
TPM counter on every rising edge synchronized to the counter
clock.
TPMO_CHI[5:0] TPM_CHn TPM channel (n = 5to 0). A TPM channel pin is configured as I/0

output when configured in an output compare or PWM mode and
the TPM counter is enabled, otherwise the TPM channel pin is an
input.

Table 10-9. TPM1 signal descriptions

Chip signal name Module signal Description /0
name
TPM_CLKIN[1:0] TPM_EXTCLK External clock. TPM external clock can be selected to increment the
TPM counter on every rising edge synchronized to the counter
clock.
TPM1_CHI[1:0] TPM_CHn TPM channel (n = 1 to 0). A TPM channel pin is configured as I/0

output when configured in an output compare or PWM mode and
the TPM counter is enabled, otherwise the TPM channel pin is an
input.
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Table 10-10. TPM2 signal descriptions

Chip signal name Module signal Description /0
name

TPM_CLKIN[1:0] TPM_EXTCLK External clock. TPM external clock can be selected to increment the
TPM counter on every rising edge synchronized to the counter
clock.

TPM2_CH[1:0] TPM_CHn TPM channel (n = 1 to 0). A TPM channel pin is configured as I/0

output when configured in an output compare or PWM mode and
the TPM counter is enabled, otherwise the TPM channel pin is an
input.

Table 10-11. LPTMRO signal descriptions

Chip signal name Module signal Description /0
name
LPTMRO_ALT[3:1] LPTMR_ALTn Pulse Counter Input pin

Table 10-12. RTC signal descriptions

Chip signal name Module signal Description /0
name
RTC_CLKOUT! RTC_CLKOUT 1 Hz square-wave output or OSCERCLK (0]

1. RTC_CLKOUT can also be driven with OSCERCLK via SIM control bit SIM_SOPT[RCTCLKOUTSEL]

10.5.7 Communication interfaces
Table 10-13. SPIO signal descriptions

Chip signal name Module signal Description /0
name

SPI0O_MISO MISO Master Data In, Slave Data Out /10

SPIO_MOSI MOSI Master Data Out, Slave Data In I/0

SPI0_SCLK SPSCK SPI Serial Clock I/O

SPI0_PCS0 SS Slave Select I/0

Table 10-14. SPI1 signal descriptions

Chip signal name Module signal Description /0
name

SPI1_MISO MISO Master Data In, Slave Data Out I/0

SPI1_MOSI MOSI Master Data Out, Slave Data In /10

SPI1_SCLK SPSCK SPI Serial Clock I/O

SPI1_PCS0 SS Slave Select I/O
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Table 10-15. I12CO signal descriptions

Chip signal name Module signal Description /0
name

12C0_SCL SCL Bidirectional serial clock line of the I2C system. I/0

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

Table 10-16. I2C1 signal descriptions

Chip signal name Module signal Description /0
name

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

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

Table 10-17. LPUARTO signal descriptions

Chip signal name Module signal Description /0
name
LPUARTO_TX TxD Transmit data I/0
LPUARTO_RX RxD Receive data I

Table 10-18. LPUART1 signal descriptions

Chip signal name Module signal Description /0
name
LPUART1_TX TxD Transmit data I/0
LPUART1_RX RxD Receive data I

Table 10-19. UART2 signal descriptions

Chip signal name Module signal Description /0
name
UART2_TX TxD Transmit data (0]
UART2_RX RxD Receive data I

Table 10-20. FlexlO signal descriptions

Chip signal name Module signal name Description /0

FXIO0_Dx FXIO_Dn (n=0...7) Bidirectional FlexIO Shifter /0
and Timer pin inputs/outputs
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10.5.8 Human-machine interfaces (HMI)
Table 10-21. GPIO Signal Descriptions

Chip signal name Module signal Description /0
name

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

PTB[31:0] PORTB31-PORTBO |General-purpose input/output I/0

PTC[11:0] PORTC11-PORTCO |General-purpose input/output I/0

PTD[7:0] PORTD7-PORTDO |General-purpose input/output I/0

PTE[31:0] PORTE31-PORTEOQ |General-purpose input/output I/0
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Chapter 11
Port Control and Interrupts (PORT)

11.1 Chip-specific PORT information

The following table list registers that are not implemented in this device:

Absolute address (hex) Register names Notes

PORTA_PCR8, PORTA_PCR9,
PORTA_PCR10, and PORTA_PCR11

4004_9038-4004_9044 PORTA_PCR14, PORTA_PCR15,
PORTA_PCR16, and PORTA_PCR17
4004_9054-4004_907C PORTA_PCR21, PORTA_PCR22,

PORTA_PCR23, PORTA_PCR24,
PORTA_PCR25, PORTA_PCR26,
PORTA_PCR27, PORTA_PCR28,
PORTA_PCR29, PORTA_PCR30, and
PORTA_PCR31

4004_A010-4004_A03C PORTB_PCR4, PORTB_PCR5,
PORTB_PCR6, PORTB_PTB?,
PORTB_PTB8, PORTB_PTB9,
PORTB_PTB10, PORTB_PTB11,
PORTB_PCR12, PORTB_PCR13,
PORTB_PCR14, and PORTB_PCR15

4004_A050-4004_A07C PORTB_PTB20, PORTB_PTB21,
PORTB_PTB22, PORTB_PTB23,
PORTB_PCR24, PORTB_PCR25,
PORTB_PCR26, PORTB_PCR27,
PORTB_PCR28, PORTB_PCR29,
PORTB_PCR30, and PORTB_PCR31

4004_B030-4004_B07C PORTC_PCR12, PORTC_PCRC13,
PORTC_PCR14, PORTC_PCR15,
PORTC_PCR16, PORTC_PCR17,
PORTC_PCR18, PORTC_PCR19,
PORTC_PCRC20, PORTC_PCR21,
PORTC_PCR22, PORTC_PCR23,
PORTC_PCR24, PORTC_PCR25,
PORTC_PCR26, PORTC_PCR27,
PORTC_PCR28, PORTC_PCR29,
PORTC_PCR30, and PORTC_PCR31

Table continues on the next page...
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Absolute address (hex) Register names Notes

4004_C020-4004_C07C PORTD_PCRS8, PORTD_PCRS9,
PORTD_PCR10, PORTD_PCR11,
PORTD_PCR12, PORTD_PCR13,
PORTD_PCR14, PORTD_PCR15,
PORTD_PCR16, PORTD_PCR17,
PORTD_PCR18, PORTD_PCR19,
PORTD_PCR20, PORTD_PCR21,
PORTD_PCR22, PORTD_PCR23,
PORTD_PCR24, PORTD_PCR25,
PORTD_PCR26, PORTD_PCR27,
PORTD_PCR28, PORTD_PCR29,
PORTD_PCR30, and PORTD_PCR31

4004_D008-4004_D03C PORTE_PCRE2, PORTE_PCRES3,
PORTE_PCRE4, PORTE_PCRS5,
PORTE_PCR6, PORTE_PCR?7,
PORTE_PCR8, PORTE_PCRS9,
PORTE_PCR10, PORTE_PCR11,
PORTE_PCR12, PORTE_PCR13,
PORTE_PCR14, and PORTE_PCR15

4004_D068-4004_D070 PORTE_PCR26, PORTE_PCR27, and
PORTE_PCR28

11.2 Port control and interrupt summary

The following table provides more information regarding the Port Control and Interrupt
configurations .

Table 11-1. Ports summary

Feature Port A Port B Port C Port D Port E
Pull select control |Yes Yes Yes Yes Yes
Pull select at reset | PTAO=Pull down, |Pull up Pull up Pull up Pull up
Others=Pull up
Pull enable control | Yes Yes Yes Yes Yes
Pull enable at reset | PTAO/PTA3/PTA4/ |Disabled Disabled Disabled Disabled

RESET_b=Enabled
; Others=Disabled

Slew rate enable |Yes Yes Yes Yes Yes
control
Slew rate enable at |[PTA3=Fast Slew; |[PTBO/PTB1/ PTC3/PTC4/PTC5/ |PTDO~7=Fast PTEO/PTE1/

reset Others=Slow Slew [PTB16/PTB17 = PTC6/PTC7=Fast |Slew; Others=Slow |PTE16/PTE17/
Fast Slew; Slew; Others=Slow |Slew PTE18/PTE19
Others=Slow Slew |Slew =Fast Slew;

Others=Slow Slew
Passive filter PTA4 only No No No No

enable control

Table continues on the next page...
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Table 11-1. Ports summary (continued)

Feature Port A Port B PortC Port D Port E
Passive filter Disabled Disabled Disabled Disabled Disabled
enable at reset
Open drain enable |No No No No No
control’
Open drain enable |Disabled Disabled Disabled Disabled Disabled
at reset
Drive strength No PTBO/PTB1 only PTC3 and PTC4 PTD6/PTD7 only  |No
enable control
Drive strength | Disabled Disabled Disabled Disabled Disabled
enable at reset
Pin mux control |Yes Yes Yes Yes Yes
Pin mux at reset |PTAQ/PTA3/ ALTO ALTO ALTO ALTO
PTA4=ALT7;
Others=ALTO
Lock bit No No No No No
Interrupt and DMA |Yes Yes Yes Yes Yes
request
Digital glitch filter |No No No No No

1. UART signals can be configured for open-drain using SIM_SOPTS5 register. 1IC signals are automatically enabled for open

drain when selected.

NOTE
PTA20 RESET_b's PUE/PUS are not controlled by
PORTA_PCR20's PUE/PUS, but they are tied to pull up

enabled; LPTMRO_ALT1/2/3 's PUE/PUS is tied to disabled.

11.3 Introduction

11.4 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.

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 125




Overview

11.4.1 Features

The PORT module has the following features:
* Pin interrupt on selected pins
* Interrupt flag and enable registers for each pin
* Support for edge sensitive (rising, falling, both) or level sensitive (low, high)
configured per pin
* Support for interrupt or DMA request configured per pin
* Asynchronous wake-up in low-power modes
* Pin interrupt is functional in all digital pin muxing modes
* Port control
* Individual pull control fields with pullup, pulldown, and pull-disable support 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 mux control field supporting analog or pin disabled, GP1O, and up to
chip-specific digital functions
* Pad configuration fields are functional in all digital pin muxing modes.

11.4.2 Modes of operation

11.4.2.1 Run mode
In Run mode, the PORT operates normally.

11.4.2.2 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.

11.4.2.3 Stop mode

In Stop mode, the PORT can be configured to exit the Low-Power mode via an
asynchronous wake-up signal if an enabled interrupt is detected.
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11.4.2.4 Debug mode
In Debug mode, PORT operates normally.

11.5 External signal description

The table found here describes the PORT external signal.
Table 11-2. Signal properties

Name Function 110 Reset Pull
PORTx[31:0] External interrupt /0 0
NOTE

Not all pins within each port are implemented on each device.

11.6 Detailed signal description

The table found here contains the detailed signal description for the PORT interface.
Table 11-3. PORT interface—detailed signal description

Signal 110 Description
PORTX[31:0] I/O External interrupt.
State meaning Asserted—ypin is logic 1.

Negated—pin is logic O.

Timing Assertion—may occur at any time and can assert
asynchronously to the system clock.

Negation—may occur at any time and can assert
asynchronously to the system clock.

11.7 Memory map and register definition

Any read or write access to the PORT memory space that is outside the valid memory
map results in a bus error. All register accesses complete with zero wait states.
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PORT memory map

Absolute

address Register name (ivr\nli:itt:) Access | Reset value S:‘:;an
(hex)
4004_9000 |Pin Control Register n (PORTA_PCRO0) 32 R/W See section | 11.7.1/133
4004_9004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.7.1/133
4004_9008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.7.1/133
4004_900C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.7.1/133
4004_9010 |Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.7.1/133
4004_9014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.7.1/133
4004_9018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.7.1/133
4004_901C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.7.1/133
4004_9020 |Pin Control Register n (PORTA_PCR8) 32 R/W See section | 11.7.1/133
4004_9024 |Pin Control Register n (PORTA_PCR9) 32 R/W See section | 11.7.1/133
4004_9028 |Pin Control Register n (PORTA_PCR10) 32 R/W See section | 11.7.1/133
4004_902C |Pin Control Register n (PORTA_PCR11) 32 R/W See section | 11.7.1/133
4004_9030 |Pin Control Register n (PORTA_PCR12) 32 R/W See section | 11.7.1/133
4004_9034 |Pin Control Register n (PORTA_PCR13) 32 R/W See section | 11.7.1/133
4004_9038 |Pin Control Register n (PORTA_PCR14) 32 R/W See section | 11.7.1/133
4004_903C |Pin Control Register n (PORTA_PCR15) 32 R/W See section | 11.7.1/133
4004_9040 |Pin Control Register n (PORTA_PCR16) 32 R/W See section | 11.7.1/133
4004_9044 |Pin Control Register n (PORTA_PCR17) 32 R/W See section | 11.7.1/133
4004_9048 |Pin Control Register n (PORTA_PCR18) 32 R/W See section | 11.7.1/133
4004_904C |Pin Control Register n (PORTA_PCR19) 32 R/W See section | 11.7.1/133
4004_9050 |Pin Control Register n (PORTA_PCR20) 32 R/W See section | 11.7.1/133
4004_9054 |Pin Control Register n (PORTA_PCR21) 32 R/W See section | 11.7.1/133
4004_9058 |Pin Control Register n (PORTA_PCR22) 32 R/W See section | 11.7.1/133
4004_905C |Pin Control Register n (PORTA_PCR23) 32 R/W See section | 11.7.1/133
4004_9060 |Pin Control Register n (PORTA_PCR24) 32 R/W See section | 11.7.1/133
4004_9064 |Pin Control Register n (PORTA_PCR25) 32 R/W See section | 11.7.1/133
4004_9068 |Pin Control Register n (PORTA_PCR26) 32 R/W See section | 11.7.1/133
4004_906C |Pin Control Register n (PORTA_PCR27) 32 R/W See section | 11.7.1/133
4004_9070 |Pin Control Register n (PORTA_PCR28) 32 R/W See section | 11.7.1/133
4004_9074 |Pin Control Register n (PORTA_PCR29) 32 R/W See section | 11.7.1/133
4004_9078 |Pin Control Register n (PORTA_PCR30) 32 R/W See section | 11.7.1/133
4004_907C |Pin Control Register n (PORTA_PCR31) 32 R/W See section | 11.7.1/133
W
4004_9080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always | 0000_0000h | 11.7.2/136
reads 0)
W
4004_9084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always | 0000_0000h | 11.7.3/136
reads 0)

4004_90A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 0000_0000h | 11.7.4/137

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

128

NXP Semiconductors




4
Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

23(81‘:;1? Register name (i":igittl;) Access | Reset value S:c;t;zn/
(hex)

4004_A000 |Pin Control Register n (PORTB_PCRO) 32 R/W See section | 11.7.1/133
4004_A004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.7.1/133
4004_A008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.7.1/133
4004_A00C |Pin Control Register n (PORTB_PCRS3) 32 R/W See section | 11.7.1/133
4004_A010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.7.1/133
4004_A014 |Pin Control Register n (PORTB_PCR5) 32 R/W See section | 11.7.1/133
4004_A018 |Pin Control Register n (PORTB_PCR®6) 32 R/W See section | 11.7.1/133
4004_A01C |Pin Control Register n (PORTB_PCR7) 32 R/W See section | 11.7.1/133
4004_A020 |Pin Control Register n (PORTB_PCR8) 32 R/W See section | 11.7.1/133
4004_A024 |Pin Control Register n (PORTB_PCR9) 32 R/W See section | 11.7.1/133
4004_A028 |Pin Control Register n (PORTB_PCR10) 32 R/W See section | 11.7.1/133
4004_A02C |Pin Control Register n (PORTB_PCR11) 32 R/W See section | 11.7.1/133
4004_A030 |Pin Control Register n (PORTB_PCR12) 32 R/W See section | 11.7.1/133
4004_A034 |Pin Control Register n (PORTB_PCR13) 32 R/W See section | 11.7.1/133
4004_A038 |Pin Control Register n (PORTB_PCR14) 32 R/W See section | 11.7.1/133
4004_A03C |Pin Control Register n (PORTB_PCR15) 32 R/W See section | 11.7.1/133
4004_A040 |Pin Control Register n (PORTB_PCR16) 32 R/W See section | 11.7.1/133
4004_A044 |Pin Control Register n (PORTB_PCR17) 32 R/W See section | 11.7.1/133
4004_A048 |Pin Control Register n (PORTB_PCR18) 32 R/W See section | 11.7.1/133
4004_A04C |Pin Control Register n (PORTB_PCR19) 32 R/W See section | 11.7.1/133
4004_A050 |Pin Control Register n (PORTB_PCR20) 32 R/W See section | 11.7.1/133
4004_A054 |Pin Control Register n (PORTB_PCR21) 32 R/W See section | 11.7.1/133
4004_A058 |Pin Control Register n (PORTB_PCR22) 32 R/W See section | 11.7.1/133
4004_A05C |Pin Control Register n (PORTB_PCR23) 32 R/W See section | 11.7.1/133
4004_A060 |Pin Control Register n (PORTB_PCR24) 32 R/W See section | 11.7.1/133
4004_A064 |Pin Control Register n (PORTB_PCR25) 32 R/W See section | 11.7.1/133
4004_A068 |Pin Control Register n (PORTB_PCR26) 32 R/W See section | 11.7.1/133
4004_A06C |Pin Control Register n (PORTB_PCR27) 32 R/W See section | 11.7.1/133
4004_A070 |Pin Control Register n (PORTB_PCR28) 32 R/W See section | 11.7.1/133
4004_A074 |Pin Control Register n (PORTB_PCR29) 32 R/W See section | 11.7.1/133
4004_A078 |Pin Control Register n (PORTB_PCR30) 32 R/W See section | 11.7.1/133
4004_A07C |Pin Control Register n (PORTB_PCR31) 32 R/W See section | 11.7.1/133

W
4004_A080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always | 0000_0000h | 11.7.2/136
reads 0)
w
4004_A084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always | 0000_0000h | 11.7.3/136
reads 0)
4004_AOAO |Interrupt Status Flag Register (PORTB_ISFR) 32 wic 0000_0000h | 11.7.4/137
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Memory map and register definition

PORT memory map (continued)

Absolute

address Register name (i":igittl;) Access | Reset value S:c;t;zn/
(hex)
4004_B000 |Pin Control Register n (PORTC_PCRO) 32 R/W See section | 11.7.1/133
4004_B004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.7.1/133
4004_B008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.7.1/133
4004_B00C |Pin Control Register n (PORTC_PCR3) 32 R/W See section | 11.7.1/133
4004_B010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.7.1/133
4004_B014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.7.1/133
4004_B018 |Pin Control Register n (PORTC_PCR®6) 32 R/W See section | 11.7.1/133
4004_B01C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.7.1/133
4004_B020 |Pin Control Register n (PORTC_PCR8) 32 R/W See section | 11.7.1/133
4004_B024 |Pin Control Register n (PORTC_PCR9) 32 R/W See section | 11.7.1/133
4004_B028 |Pin Control Register n (PORTC_PCR10) 32 R/W See section | 11.7.1/133
4004_B02C |Pin Control Register n (PORTC_PCR11) 32 R/W See section | 11.7.1/133
4004_B030 |Pin Control Register n (PORTC_PCR12) 32 R/W See section | 11.7.1/133
4004_B034 |Pin Control Register n (PORTC_PCR13) 32 R/W See section | 11.7.1/133
4004_B038 |Pin Control Register n (PORTC_PCR14) 32 R/W See section | 11.7.1/133
4004_B03C |Pin Control Register n (PORTC_PCR15) 32 R/W See section | 11.7.1/133
4004_B040 |Pin Control Register n (PORTC_PCR16) 32 R/W See section | 11.7.1/133
4004_B044 |Pin Control Register n (PORTC_PCR17) 32 R/W See section | 11.7.1/133
4004_B048 |Pin Control Register n (PORTC_PCR18) 32 R/W See section | 11.7.1/133
4004_B04C |Pin Control Register n (PORTC_PCR19) 32 R/W See section | 11.7.1/133
4004_B050 |Pin Control Register n (PORTC_PCR20) 32 R/W See section | 11.7.1/133
4004_B054 |Pin Control Register n (PORTC_PCR21) 32 R/W See section | 11.7.1/133
4004_B058 |Pin Control Register n (PORTC_PCR22) 32 R/W See section | 11.7.1/133
4004_B05C |Pin Control Register n (PORTC_PCR23) 32 R/W See section | 11.7.1/133
4004_B060 |Pin Control Register n (PORTC_PCR24) 32 R/W See section | 11.7.1/133
4004_B064 |Pin Control Register n (PORTC_PCR25) 32 R/W See section | 11.7.1/133
4004_B068 |Pin Control Register n (PORTC_PCR26) 32 R/W See section | 11.7.1/133
4004_B06C |Pin Control Register n (PORTC_PCR27) 32 R/W See section | 11.7.1/133
4004_B070 |Pin Control Register n (PORTC_PCR28) 32 R/W See section | 11.7.1/133
4004_B074 |Pin Control Register n (PORTC_PCR29) 32 R/W See section | 11.7.1/133
4004_B078 |Pin Control Register n (PORTC_PCR30) 32 R/W See section | 11.7.1/133
4004_B07C |Pin Control Register n (PORTC_PCR31) 32 R/W See section | 11.7.1/133
W
4004_B080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always | 0000_0000h | 11.7.2/136
reads 0)
W
4004_B084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always | 0000_0000h | 11.7.3/136
reads 0)

4004_BOAO |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 0000_0000h | 11.7.4/137
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Chapter 11 Port Control and Interrupts (PORT)

PORT memory map (continued)

23(81‘:;1? Register name (i":igittl;) Access | Reset value S:‘:;Zn/
(hex)
4004_CO000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.7.1/133
4004_CO004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.7.1/133
4004_C008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.7.1/133
4004_CO00C |Pin Control Register n (PORTD_PCRS3) 32 R/W See section | 11.7.1/133
4004_C010 |Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.7.1/133
4004_C014 |Pin Control Register n (PORTD_PCR5) 32 R/W See section | 11.7.1/133
4004_C018 |Pin Control Register n (PORTD_PCRS6) 32 R/W See section | 11.7.1/133
4004_CO01C |Pin Control Register n (PORTD_PCR7) 32 R/W See section | 11.7.1/133
4004_C020 |Pin Control Register n (PORTD_PCRS8) 32 R/W See section | 11.7.1/133
4004_C024 |Pin Control Register n (PORTD_PCR9) 32 R/W See section | 11.7.1/133
4004_C028 |Pin Control Register n (PORTD_PCR10) 32 R/W See section | 11.7.1/133
4004_C02C |Pin Control Register n (PORTD_PCR11) 32 R/W See section | 11.7.1/133
4004_C030 |Pin Control Register n (PORTD_PCR12) 32 R/W See section | 11.7.1/133
4004_C034 |Pin Control Register n (PORTD_PCR13) 32 R/W See section | 11.7.1/133
4004_C038 |Pin Control Register n (PORTD_PCR14) 32 R/W See section | 11.7.1/133
4004_CO03C |Pin Control Register n (PORTD_PCR15) 32 R/W See section | 11.7.1/133
4004_C040 |Pin Control Register n (PORTD_PCR16) 32 R/W See section | 11.7.1/133
4004_C044 |Pin Control Register n (PORTD_PCR17) 32 R/W See section | 11.7.1/133
4004_C048 |Pin Control Register n (PORTD_PCR18) 32 R/W See section | 11.7.1/133
4004_C04C |Pin Control Register n (PORTD_PCR19) 32 R/W See section | 11.7.1/133
4004_CO050 |Pin Control Register n (PORTD_PCR20) 32 R/W See section | 11.7.1/133
4004_C054 |Pin Control Register n (PORTD_PCR21) 32 R/W See section | 11.7.1/133
4004_C058 |Pin Control Register n (PORTD_PCR22) 32 R/W See section | 11.7.1/133
4004_CO05C |Pin Control Register n (PORTD_PCR23) 32 R/W See section | 11.7.1/133
4004_C060 |Pin Control Register n (PORTD_PCR24) 32 R/W See section | 11.7.1/133
4004_C064 |Pin Control Register n (PORTD_PCR25) 32 R/W See section | 11.7.1/133
4004_C068 |Pin Control Register n (PORTD_PCR26) 32 R/W See section | 11.7.1/133
4004_C06C |Pin Control Register n (PORTD_PCR27) 32 R/W See section | 11.7.1/133
4004_CO070 |Pin Control Register n (PORTD_PCR28) 32 R/W See section | 11.7.1/133
4004_CO074 |Pin Control Register n (PORTD_PCR29) 32 R/W See section | 11.7.1/133
4004_C078 |Pin Control Register n (PORTD_PCR30) 32 R/W See section | 11.7.1/133
4004_C07C |Pin Control Register n (PORTD_PCR31) 32 R/W See section | 11.7.1/133
W
4004_C080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always | 0000_0000h | 11.7.2/136
reads 0)
W
4004_C084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always | 0000_0000h | 11.7.3/136
reads 0)
4004_COAO |Interrupt Status Flag Register (PORTD_ISFR) 32 wic 0000_0000h | 11.7.4/137
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Memory map and register definition

PORT memory map (continued)

Absolute

address Register name (i":i:ittr;) Access | Reset value S:c;t;zn/
(hex)
4004_DO000 |Pin Control Register n (PORTE_PCRO0) 32 R/W See section | 11.7.1/133
4004_D004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.7.1/133
4004_D008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.7.1/133
4004_DO00C |Pin Control Register n (PORTE_PCR3) 32 R/W See section | 11.7.1/133
4004_D010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.7.1/133
4004_D014 |Pin Control Register n (PORTE_PCR5) 32 R/W See section | 11.7.1/133
4004_D018 |Pin Control Register n (PORTE_PCR6) 32 R/W See section | 11.7.1/133
4004_D01C |Pin Control Register n (PORTE_PCR?7) 32 R/W See section | 11.7.1/133
4004_D020 |Pin Control Register n (PORTE_PCRS8) 32 R/W See section | 11.7.1/133
4004_D024 |Pin Control Register n (PORTE_PCR9) 32 R/W See section | 11.7.1/133
4004_D028 |Pin Control Register n (PORTE_PCR10) 32 R/W See section | 11.7.1/133
4004_D02C |Pin Control Register n (PORTE_PCR11) 32 R/W See section | 11.7.1/133
4004_DO030 |Pin Control Register n (PORTE_PCR12) 32 R/W See section | 11.7.1/133
4004_D034 |Pin Control Register n (PORTE_PCR13) 32 R/W See section | 11.7.1/133
4004_D038 |Pin Control Register n (PORTE_PCR14) 32 R/W See section | 11.7.1/133
4004_DO03C |Pin Control Register n (PORTE_PCR15) 32 R/W See section | 11.7.1/133
4004_D040 |Pin Control Register n (PORTE_PCR16) 32 R/W See section | 11.7.1/133
4004_D044 |Pin Control Register n (PORTE_PCR17) 32 R/W See section | 11.7.1/133
4004_D048 |Pin Control Register n (PORTE_PCR18) 32 R/W See section | 11.7.1/133
4004_D04C |Pin Control Register n (PORTE_PCR19) 32 R/W See section | 11.7.1/133
4004_D050 |Pin Control Register n (PORTE_PCR20) 32 R/W See section | 11.7.1/133
4004_D054 |Pin Control Register n (PORTE_PCR21) 32 R/W See section | 11.7.1/133
4004_D058 |Pin Control Register n (PORTE_PCR22) 32 R/W See section | 11.7.1/133
4004_DO05C |Pin Control Register n (PORTE_PCR23) 32 R/W See section | 11.7.1/133
4004_DO060 |Pin Control Register n (PORTE_PCR24) 32 R/W See section | 11.7.1/133
4004_D064 |Pin Control Register n (PORTE_PCR25) 32 R/W See section | 11.7.1/133
4004_D068 |Pin Control Register n (PORTE_PCR26) 32 R/W See section | 11.7.1/133
4004_D06C |Pin Control Register n (PORTE_PCR27) 32 R/W See section | 11.7.1/133
4004_D070 |Pin Control Register n (PORTE_PCR28) 32 R/W See section | 11.7.1/133
4004_D074 |Pin Control Register n (PORTE_PCR29) 32 R/W See section | 11.7.1/133
4004_D078 |Pin Control Register n (PORTE_PCR30) 32 R/W See section | 11.7.1/133
4004_D07C |Pin Control Register n (PORTE_PCR31) 32 R/W See section | 11.7.1/133
W
4004_D080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always | 0000_0000h | 11.7.2/136
reads 0)
w
4004_D084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always | 0000_0000h | 11.7.3/136
reads 0)

4004_DOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000_0000h | 11.7.4/137
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Chapter 11 Port Control and Interrupts (PORT)

11.7.1 Pin Control Register n (PORTx_PCRn)

NOTE

See the Signal Multiplexing and Pin Assignment chapter for the
reset value of this device.

See the GPIO Configuration section for details on the available
functions for each pin.

Do not modify pin configuration registers associated with pins
not available in your selected package. All unbonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

Address: Base address + Oh offset + (4d x i), where i=0d to 31d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
IRQC
0 0 0 0
Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 0 0
MUX DSE PFE SRE | PE PS

W
Reset 0 0 0 0 0 * * * 0 * 0 * 0 * * *
* Notes:
* MUX field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
» DSE field: Varies by port. See the Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* PFE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* SRE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
» PE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* PSfield: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.

PORTx_PCRn field descriptions
Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Interrupt Status Flag
ISF
This field is read-only for pins that do not support interrupt generation.
The pin interrupt configuration is valid in all digital pin muxing modes.
Table continues on the next page...
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Memory map and register definition

PORTx_PCRn field descriptions (continued)

Field Description
0 Configured interrupt is not detected.
1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic 1 is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.
23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 Interrupt Configuration
IRQC
This field is read-only for pins that do not support interrupt generation.
The pin interrupt configuration is valid in all digital pin muxing modes. The corresponding pin is configured
to generate interrupt/DMA request as follows:
0000 Interrupt Status Flag (ISF) is disabled.
0001 ISF flag and DMA request on rising edge.
0010 ISF flag and DMA request on falling edge.
0011 ISF flag and DMA request on either edge.
0100 Reserved.
0101 Reserved.
0110 Reserved.
0111 Reserved.
1000 ISF flag and Interrupt when logic 0.
1001 ISF flag and Interrupt on rising-edge.
1010 ISF flag and Interrupt on falling-edge.
1011 ISF flag and Interrupt on either edge.
1100 ISF flag and Interrupt when logic 1.
1101 Reserved.
1110 Reserved.
1111  Reserved.
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 Pin Mux Control
MUX
Not all pins support all pin muxing slots. Unimplemented pin muxing slots are reserved and may result in
configuring the pin for a different pin muxing slot.
The corresponding pin is configured in the following pin muxing slot as follows:
000 Pin disabled (analog).
001 Alternative 1 (GPIO).
010 Alternative 2 (chip-specific).
011 Alternative 3 (chip-specific).
100 Alternative 4 (chip-specific).
101 Alternative 5 (chip-specific).
110 Alternative 6 (chip-specific).
111 Alternative 7 (chip-specific).
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

134 NXP Semiconductors



4
Chapter 11 Port Control and Interrupts (PORT)

PORTx_PCRn field descriptions (continued)

Field Description

6 Drive Strength Enable
DSE

This field 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.

5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Passive Filter Enable
PFE

This field 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. Refer
to the device data sheet for filter characteristics.

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Slew Rate Enable
SRE

This field 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 field 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

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 PE field is set.
1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding PE field is set.
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Memory map and register definition

11.7.2 Global Pin Control Low Register (PORTx_GPCLR)
Only 32-bit writes are supported to this register.

Address: Base address + 80h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

W GPWE GPWD
ResetOO00000000000000|0000000000000000

PORTx_GPCLR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (15 through 0) bits [15:0] update with the value in GPWD.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

GPWD Global Pin Write Data

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.

11.7.3 Global Pin Control High Register (PORTx_GPCHR)
Only 32-bit writes are supported to this register.

Address: Base address + 84h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

W GPWE GPWD
ResetOOOOOOO000000OOO|0000000000000000

PORTx_GPCHR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (31 through 16) bits [15:0] update with the value in GPWD.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

GPWD Global Pin Write Data

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.
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11.7.4 Interrupt Status Flag Register (PORTx_ISFR)
The corresponding bit is read only for pins that do not support interrupt generation.

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
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R ISF

w wic

ResetOO00000000000000|0000000000000000

PORTX_ISFR field descriptions

Field Description

ISF Interrupt Status Flag

Each bit in the field indicates the detection of the configured interrupt of the same number as the field.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic 1 is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

11.8 Functional description

11.8.1 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 LK bit (bit 15 of Pin Control Register PCRn) locks the lower
16-bits of each Pin Control register and blocks any writes to that register until the next
system reset.

The lower half of the Pin Control register configures the following functions for each pin
within the 32-bit port.
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* Pullup or pulldown enable on selected pins

* Drive strength and slew rate configuration 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 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, output
buffer enable, input buffer enable, and passive filter enable.

The configuration of each Pin Control register is retained when the PORT module is
disabled.

Whenever a pin is configured in any digital pin muxing mode, the input buffer for that
pin is enabled allowing the pin state to be read via the corresponding GPIO Port Data
Input Register (GPIO_PDIR) or allowing a pin interrupt or DMA request to be generated.
If a pin is ever floating when its input buffer is enabled, then this can cause an increase in
power consumption and must be avoided. A pin can be floating due to an input pin that is
not connected or an output pin that has tri-stated (output buffer is disabled).

Enabling the internal pull resistor (or implementing an external pull resistor) will ensure a
pin does not float when its input buffer is enabled; note that the internal pull resistor is
automatically disabled whenever the output buffer is enabled allowing the Pull Enable bit
to remain set. Configuring the Pin Muxing mode to disabled or analog will disable the
pin’s input buffer and results in the lowest power consumption.

11.8.2 Gilobal pin control

The two global pin control registers allow a single register write to update the lower half
of the pin control register on up to 16 pins, all with the same value.

The global pin control registers are designed to enable software to quickly configure
multiple pins within the one port for the same peripheral function. However, the interrupt
functions cannot be configured using the global pin control registers.

The global pin control registers are write-only registers, that always read as 0.
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11.8.3 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

» Rising edge sensitive interrupt

* Falling edge sensitive interrupt

» Rising and falling edge sensitive interrupt

* Rising edge sensitive DMA request

* Falling edge sensitive DMA request

* Rising and falling edge sensitive DMA request

The interrupt status flag is set when the configured edge or level is detected on the pin .
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
1s set for any enabled interrupt for that port. The interrupt negates after the interrupt status
flags for all enabled interrupts have been cleared by writing a logic 1 to the ISF flag in
either the PORT_ISFR or PORT_PCRn registers.

The PORT module generates a single DMA request that asserts when the interrupt status
flag is set for any enabled DMA request in that port. The DMA request negates after the
DMA transfer is completed, because that clears the interrupt status flags for all enabled
DMA requests.

During Stop mode, the interrupt status flag for any enabled interrupt is asynchronously
set if the required level or edge is detected. This also generates an asynchronous wake-up
signal to exit the Low-Power mode.
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Chapter 12
System Integration Module (SIM)

12.1 Chip-specific SIM information

12.1.1 COP clocks

The multiple clock inputs for the COP are:
* 1 kHz clock
* bus clock
* 8 MHz or 2 MHz internal reference clock
* external crystal

12.2 Introduction

The system integration module (SIM) provides system control and chip configuration
registers.

12.2.1 Features

» System clocking configuration
» System clock divide values
* Architectural clock gating control
* ERCLK32K clock selection
* LPUART and TPM clock selection
* Flash and System RAM size configuration
* TPM external clock and input capture selection
* LPUART receive/transmit source selection/configuration
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12.3 Memory map and register definition

The SIM module contains many bitfields for selecting the clock source and dividers for
various module clocks.

NOTE

The SIM registers can be written only in supervisor mode. In
user mode, write accesses are blocked and will result in a bus

CITor.

NOTE

The SIM_SOPT1 i1s located at a different base address than the

other SIM registers.

SIM memory map

gzzc:tlal;f Register name (iv:i:itt:) Access | Reset value S:‘:;an
(hex)

4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W | 0000_0000h | 12.3.1/143
4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W | 0000_0000h | 12.3.2/144
4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W 0000_0000h | 12.3.3/146
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W | 0000_0000h | 12.3.4/147
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W | 0000_0000h | 12.3.5/149
4004_8024 |System Device Identification Register (SIM_SDID) 32 R See section | 12.3.6/150
4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W | FO00_0030h | 12.3.7/151

4004_8038 |System Clock Gating Control Register 5 (SIM_SCGCS5) 32 R/W 0000_0182h | 12.3.8/153
4004_803C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W | 0000_0001h | 12.3.9/155
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W | 0000_0100h | 12.3.10/157
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.3.11/157
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R/W See section | 12.3.12/159
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.3.13/161
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section | 12.3.14/162
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.3.15/162
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 12.3.16/163
4004_8100 |COP Control Register (SIM_COPC) 32 R/W | 0000_000Ch | 12.3.17/163
4004_8104 |Service COP (SIM_SRVCOP) 32 W 0000_0000h | 12.3.18/165
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Chapter 12 System Integration Module (SIM)

12.3.1 System Options Register 1 (SIM_SOPT1)

NOTE
The SOPT]1 register is only reset on POR or LVD.

Address: 4004_7000h base + 0h offset = 4004_7000h

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

OSC32KSEL |0SC32KOUT

SIM_SOPT1 field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 32K Oscillator Clock Select
OSC32KSEL

Selects the 32 kHz clock source (ERCLK32K) for RTC and LPTMR. This field is reset only on POR/LVD.

00 System oscillator (OSC32KCLK)
01 Reserved

10 RTC_CLKIN

11 LPO 1kHz

17-16 32K oscillator clock output
OSC32KOUT

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

00 ERCLK32K is not output.

01 ERCLK32K is output on PTEO.
10 Reserved.

11 Reserved.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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12.3.2 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

2 2
R 0 s 0 0 0

o e TPMSRC | FLEXIOSRC
< <

W 2 o
o o
- -

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

£
w
N
-
o

CLKOUTSEL

RTCCLKOUTS
EL

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

SIM_SOPT2 field descriptions

o
o
o
o
o

Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-28 LPUART1 Clock Source Select
LPUART1SRC

Selects the clock source for the LPUART1 transmit and receive clock.

00 Clock disabled
01 IRC48M clock
10 OSCERCLK clock
11 MCGIRCLK clock

27-26 LPUARTO Clock Source Select
LPUARTOSRC

Selects the clock source for the LPUARTO transmit and receive clock.

00 Clock disabled
01 IRC48M clock
10 OSCERCLK clock
11 MCGIRCLK clock

25-24 TPM Clock Source Select
TPMSRC

Selects the clock source for the TPM counter clock

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

Field Description

00 Clock disabled
01 IRC48M clock
10 OSCERCLK clock
11 MCGIRCLK clock

23-22 FlexlO Module Clock Source Select
FLEXIOSRC
Selects the clock source for the FlexlO transmit and receive clock.

00 Clock disabled
01 IRC48M clock
10 OSCERCLK clock
11 MCGIRCLK clock

21-18 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
17-16 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
15-8 This field is reserved.

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

7-5 CLKOUT select
CLKOUTSEL

Selects the clock to output on the CLKOUT pin.

000 Reserved

001 Reserved

010 Bus clock

011 LPO clock (1 kHz)

100 LIRC_CLK

101 Reserved

110 OSCERCLK

111 IRC48M clock (IRC48M clock can be output to PAD only when chip VDD is 2.7-3.6 V)

4 RTC Clock Out Select
RTCCLKOUTSEL
Selects either the RTC 1 Hz clock or the OSC clock to be output on the RTC_CLKOUT pin.

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

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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12.3.3 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
i R -
R 0 0
(2] 2] ]
AR €| ¢
O O (@] O )
Al - o Al -
w = = = = =
o o [a o o
= = = [ =
Reset 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

SIM_SOPT4 field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 TPM2 External Clock Pin Select
TPM2CLKSEL
Selects the external pin used to drive the clock to the TPM2 module.
NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate Pin Control Register in the Port Control module.
0 TPM2 external clock driven by TPM_CLKINO pin.
1 TPM2 external clock driven by TPM_CLKIN1 pin.
25 TPM1 External Clock Pin Select
TPM1CLKSEL
Selects the external pin used to drive the clock to the TPM1 module.
NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate pin control register in the port control module.
0 TPM?1 external clock driven by TPM_CLKINO pin.
1 TPM1 external clock driven by TPM_CLKIN1 pin.
24 TPMO External Clock Pin Select
TPMOCLKSEL
Selects the external pin used to drive the clock to the TPMO module.
NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate pin control register in the port control module.
0 TPMO external clock driven by TPM_CLKINO pin.
1 TPMO external clock driven by TPM_CLKIN1 pin.

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

Field Description
23-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 TPM2 Channel 0 Input Capture Source Select
TPM2CHOSRC

Selects the source for TPM2 channel 0 input capture.

NOTE: When TPM2 is not in input capture mode, clear this field.

0 TPM2_CHO signal
1 CMPO output

19-18 TPM1 channel 0 input capture source select
TPM1CHOSRC

Selects the source for TPM1 channel 0 input capture.

NOTE: When TPM1 is not in input capture mode, clear this field.

00 TPM1_CHO signal
01 CMPO output

10 Reserved

11  Reserved

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

12.3.4 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
w | & | &
& = [t
= e o
oc < <
w < o] 2
o] o o
3 3
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
o | ¢ 2 | ¢
R 0 o - 0 Iz =
- - o o
= O = O = O = O
oC C oC C
< < < <
o] -] 2 o]
o o [\ o
3 3 3 3

o
o
o
o
o
o
o

Reset 0 0 0 0 0 0 0 0 0
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SIM_SOPTS5 field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 UART2 Open Drain Enable
UART20DE
0 Open drain is disabled on UART2
1 Open drain is enabled on UART2
17 LPUART1 Open Drain Enable
LPUART10ODE
0 Opendrain is disabled on LPUART1.
1 Open drain is enabled on LPUART1
16 LPUARTO Open Drain Enable
LPUARTOODE
0 Open drain is disabled on LPUARTO.
1 Open drain is enabled on LPUARTO.
15-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 LPUART1 Receive Data Source Select
LPUART1RXSRC
Selects the source for the LPUART1 receive data.
0 LPUART1_RX pin
1 CMPO output
5-4 LPUART1 Transmit Data Source Select
LPUART1TXSRC
Selects the source for the LPUART1 transmit data.
00 LPUART1_TX pin
01 LPUART1_TX pin modulated with TPM1 channel 0 output
10 LPUART1_TX pin modulated with TPM2 channel 0 output
11 Reserved
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 LPUARTO Receive Data Source Select
LPUARTORXSRC
Selects the source for the LPUARTO receive data.
0 LPUART_RX pin
1 CMPO output
LPUARTOTXSRC [LPUARTO Transmit Data Source Select

Selects the source for the LPUARTO transmit data.

00 LPUARTO_TX pin

01 LPUARTO_TX pin modulated with TPM1 channel 0 output
10 LPUARTO_TX pin modulated with TPM2 channel 0 output
11 Reserved
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12.3.5 System Options Register 7 (SIM_SOPT7)

Address: 4004_7000h base + 1018h offset = 4004_8018h

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

R 0

Reset 0 0 0 0 0 0 0 0 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
3 ?
R 0 Q 0 T
E m
E T o ADCOTRGSEL
S &
W (&) O
[m] [m]
< <

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

SIM_SOPT7 field descriptions

o
o
o
o
o

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 ADCO Alternate Trigger Enable
ADCOALTTRGEN

Enables alternative conversion triggers for ADCO.

0 ADC ADHWT trigger comes from TPM1 channel 0 and channel1.

Prior to the assertion of TPM1 channel 0, a pre-trigger pulse will be sent to ADHWTSA to initiate an
ADC acquisition using ADCx_SC1A configuration and store ADC conversion in ADCx_RA Register.
Prior to the assertion of TPM1 channel 1 a pre-trigger pulse will be sent to ADHWTSB to initiate an
ADC acquisition using ADCx_SC1Bconfiguration and store ADC conversion in ADCx_RB Register.

1 ADC ADHWT trigger comes from a peripheral event selected by ADCOTRGSEL bits.

ADCOPRETRGSEL bit will select the optional ADHWTSA or ADHWTSB select lines for choosing
the ADCx_SC1x config and ADCx_Rx result regsiter to store the ADC conversion.

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.
NOTE: The ADCOPRETRGSEL function is ignored if ADCOALTTRGEN = 0.

0 Pre-trigger ADHWTSA is selected, thus ADCO will use ADCO_SC1A configuration for the next ADC
conversion and store the result in ADCO_RA register.

1 Pre-trigger ADHWTSB is selected, thus ADCO will use ADCO_SC1B configuration for the next ADC
conversion and store the result in ADCO_RB register.

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

Field Description
ADCOTRGSEL |ADCO Trigger Select

Selects 1 of 16 peripherals to initiate an ADC conversion via the ADHWDT input, when
ADCOALTTRGEN =1, else is ignored by ADCO.

0000 External trigger pin input (EXTRG_IN)
0001 CMPO output
0010 Reserved

0011 Reserved

0100 PIT trigger O
0101 PIT trigger 1
0110 Reserved

0111 Reserved

1000 TPMO overflow
1001 TPM1 overflow
1010 TPM2 overflow
1011 Reserved

1100 RTC alarm
1101 RTC seconds
1110 LPTMRO trigger
1111 Reserved

12.3.6 System Device Identification Register (SIM_SDID)

Address: 4004_7000h base + 1024h offset = 4004_8024h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

R FAMID SUBFAMID | SERIESID | SRAMSIZE REVID 0 PINID

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

* Notes:

FAMID field: Device specific value.
SUBFAMID field: Device specific value.
SRAMSIZE field: Device specific value.
REVID field: Device specific value.
PINID field: Device specific value.

SIM_SDID field descriptions

Field Description
31-28 Family ID
FAMID
0001 KL17
0010 KL27

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

Field Description

27-24 Kinetis Sub-Family ID
SUBFAMID

Specifies the Kinetis sub-family of the device.

0111 KLx7 Subfamily

23-20 Kinetis Series ID
SERIESID

Specifies the Kinetis family of the device.

0001 KL family

19-16 System SRAM Size
SRAMSIZE
Specifies the size of the System SRAM
0100 8KB
0101 16 KB
15-12 Device Revision Number
REVID
Specifies the silicon implementation number for the device.
11-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
PINID Pincount Identification

Specifies the pincount of the device.

0010 32-pin
0011 36-pin
0100 48-pin
0101  64-pin
1011 Custom pinout (WLCSP)

12.3.7 System Clock Gating Control Register 4 (SIM_SCGC4)

Address: 4004_7000h base + 1034h offset = 4004_8034h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 1 0 0 0 0
£
SPI0 VREF| s
®)
Reset 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
1 0
12C1 | 12C0
0 0 1 1 0 0 0 0
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SIM_SCGC4 field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
27-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23 SPI1 Clock Gate Control
SPI1
Controls the clock gate to the SPI1 module.
0 Clock disabled
1 Clock enabled
22 SPI0 Clock Gate Control
SPIO
Controls the clock gate to the SPI0 module.
0 Clock disabled
1 Clock enabled
21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 VREF Clock Gate Control
VREF
Controls the clock gate to the VREF module.
0 Clock disabled
1 Clock enabled
19 Comparator Clock Gate Control
CMPO
Controls the clock gate to the comparator module.
0 Clock disabled
1 Clock enabled
18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 UART2 Clock Gate Control
UART2
Controls the clock gate to the UART2 module.
0 Clock disabled
1 Clock enabled
11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 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.

Table continues on the next page...
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SIM_SCGCA4 field descriptions (continued)

Field Description
8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 I12C1 Clock Gate Control
12C1

Controls the clock gate to the [2C1 module.

0 Clock disabled
1 Clock enabled

6 12C0 Clock Gate Control
12C0

Controls the clock gate to the 12C0 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.
Reserved This field is reserved.

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

12.3.8 System Clock Gating Control Register 5 (SIM_SCGC5)

Address: 4004_7000h base + 1038h offset = 4004_8038h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
~— o
Rl o 0 i e 0 0
>4 (e o
N < <
m o
w| @ q o
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 w a ) m <
= = = = =
c o o o o
o (@) (@] (@] (@]
W a a o a a

o
o
o
o
o

Reset 0 0

SIM_SCGCS5 field descriptions

Field Description

31 Flex|O Module

FLEXIO
This bit controls the clock gate to the FlexlO Module.

0 Clock disabled
1 Clock enabled

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

Field Description
30-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21 LPUART1 Clock Gate Control
LPUART1

This bit controls the clock gate to the LPUART1 module.

0 Clock disabled
1 Clock enabled

20 LPUARTO Clock Gate Control
LPUARTO

This bit controls the clock gate to the LPUARTO module.

0 Clock disabled
1 Clock enabled

19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 Port E Clock Gate Control
PORTE

Controls the clock gate to the Port E module.

0 Clock disabled
1 Clock enabled

12 Port D Clock Gate Control
PORTD

Controls the clock gate to the Port D module.

0 Clock disabled
1 Clock enabled

11 Port C Clock Gate Control
PORTC

Controls the clock gate to the Port C module.

0 Clock disabled
1 Clock enabled

10 Port B Clock Gate Control
PORTB

Controls the clock gate to the Port B module.

0 Clock disabled
1 Clock enabled

9 Port A Clock Gate Control
PORTA

Controls the clock gate to the Port A module.

0 Clock disabled
1 Clock enabled

8-7 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

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

Field Description
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
0 Low Power Timer Access Control
LPTMR
Controls software access to the Low Power Timer module.
0 Access disabled
1 Access enabled

12.3.9 System Clock Gating Control Register 6 (SIM_SCGC®6)

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 0 0 0 0 0
3| |5 |2
RTC a o o o PIT CRC
< [ [ [
Reset 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
P
R 0 0 :§>
= FTF
=
=)
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 0.
29 RTC Access Control
RTC
Controls software access and interrupts to the RTC module.
0 Access and interrupts disabled
1 Access and interrupts enabled

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

Field Description
28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 ADCO Clock Gate Control
ADCO

Controls the clock gate to the ADCO module.

0 Clock disabled
1 Clock enabled

26 TPM2 Clock Gate Control
TPM2

Controls the clock gate to the TPM2 module.

0 Clock disabled
1 Clock enabled

25 TPM1 Clock Gate Control
TPM1

Controls the clock gate to the TPM1 module.

0 Clock disabled
1 Clock enabled

24 TPMO Clock Gate Control
TPMO

Controls the clock gate to the TPMO module.

0 Clock disabled
1 Clock enabled

23 PIT Clock Gate Control
PIT

This bit controls the clock gate to the PIT module.

0 Clock disabled
1 Clock enabled

22-19 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 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 DMA Mux Clock Gate Control
DMAMUX

Controls the clock gate to the DMA Mux module.

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

Field Description
0 Clock disabled
1 Clock enabled

0 Flash Memory Clock Gate Control
FTF

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

12.3.10 System Clock Gating Control Register 7 (SIM_SCGC?7)

Address: 4004_7000h base + 1040h offset = 4004_8040h

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

SIM_SCGCY7 field descriptions

Field Description
31-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 DMA Clock Gate Control
DMA

Controls the clock gate to the DMA module.

0 Clock disabled
1 Clock enabled

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

12.3.11 System Clock Divider Register 1 (SIM_CLKDIV1)

NOTE
The CLKDIV1 register cannot be written to when the device is
in VLPR mode.
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NOTE
Reset value loaded during System Reset from
FTFA_FOPT[LPBOOT] (See Table 6-2).

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

OUTDIV1

OUTDIV4

Reset * * * * 0 0 0 0 0 O O OO OO 1|0 OO OOOOTOUO OO OOU OO OOUOSTGO

* Notes:
e OUTDIV1 field: The reset value depends on the FTFA_FOPT[LPBOQOT]. It is loaded with 0000 (divide by 1), 0001 (divide by
2), 0011 (divide by 4, or 0111 (divide by 8).

SIM_CLKDIV1 field descriptions

Field Description

31-28 Clock 1 Output Divider value
OUTDIV1

Sets the divide value for the core/system clock, as well as the bus/flash clocks. At the end of reset, it is
loaded with 0000 (divide by one), 0001 (divide by two), 0011 (divide by four), or 0111 (divide by eight)
depending on the setting of the FTFA_FOPT[LPBOOT] (See Table 6-2).

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.

27-19 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
18-16 Clock 4 Output Divider value

OuUTDIV4

Sets the divide value for the bus and flash clock and is in addition to the System clock divide ratio. At the
end of reset, it is loaded with 0001 (divide by 2).

000 Divide-by-1.
001 Divide-by-2.
010 Divide-by-3.
011 Divide-by-4.
100 Divide-by-5.

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

Field Description
101 Divide-by-6.
110 Divide-by-7.
111 Divide-by-8.

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

12.3.12 Flash Configuration Register 1 (SIM_FCFG1)

Address: 4004_7000h base + 104Ch offset = 4004_804Ch

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

R 0 PFSIZE 0

Reset 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

FLASHDOZE
FLASHDIS

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

* Notes:
¢ PFSIZE field: Device specific value.

SIM_FCFG1 field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 Program Flash Size
PFSIZE

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

Field

Description

Specifies the amount of program flash memory available on the device. Undefined values are reserved.

0000 8 KB of program flash memory, 1 KB protection region
0001 16 KB of program flash memory, 1 KB protection region
0011 32 KB of program flash memory, 1 KB protection region
0101 64 KB of program flash memory, 2 KB protection region
0111 128 KB of program flash memory, 4 KB protection region
1001 256 KB of program flash memory, 8 KB protection region
1111 64 KB of program flash memory, 2 KB protection region

23-2
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 Doze mode. This field must be clear during VLP
modes. The flash will be automatically enabled again at the end of Doze mode so interrupt vectors do not
need to be relocated out of flash memory. The wake-up time from Doze mode is extended when this field
is set. An attempt by the DMA or other bus master to access the flash memory when the flash is disabled
will result in a bus error.

0 Flash remains enabled during Doze mode.
1 Flash is disabled for the duration of Doze 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 field 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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12.3.13 Flash Configuration Register 2 (SIM_FCFG2)

This is read only register, any write to this register will cause transfer error.

Address: 4004_7000h base + 1050h offset = 4004_8050h

Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R| O MAXADDRO 1 0

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

* Notes:
* MAXADDRO field: Device specific value indicating amount of implemented flash.

SIM_FCFG2 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-24 Max Address lock
MAXADDRO

This field concatenated with 13 trailing zeros indicates the first invalid address of program flash.

For example, if MAXADDRO = 0x10, the first invalid address of program flash is 0x0002_0000. This would
be the MAXADDRO value for a device with 128 KB program flash.

23 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

22-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Reserved This field is reserved.

This read-only field is reserved and always has the value 0.
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12.3.14 Unique ldentification Register Mid-High (SIM_UIDMH)

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

Bit31302928272625242322212019181716|1514131211109876543210

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

* Notes:
* UID field: Device specific value.

SIM_UIDMH field descriptions

Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
uiD Unique Identification
Unique identification for the device.

12.3.15 Unique ldentification Register Mid Low (SIM_UIDML)

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

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 *

* Notes:
* UID field: Device specific value.

SIM_UIDML field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.
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12.3.16 Unique Identification Register Low (SIM_UIDL)

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

Bit31302928272625242322212019181716|1514131211109876543210
R uiD

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Reset *

* Notes:
* UID field: Device specific value.

SIM_UIDL field descriptions

Field Description

uiD Unique Identification

Unique identification for the device.

12.3.17 COP Control Register (SIM_COPC)

All of the bits in this register can be written only once after a reset, writing this register
will also reset the COP counter.

Address: 4004_7000h base + 1100h offset = 4004_8100h

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

o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
zZ pd
R 0 o0
o | & X | =z
COPCLKSEL| 8 | & COPT |5
2 5|8
O | O o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

SIM_COPC field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

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

Field Description
7-6 COP Clock Select
COPCLKSEL
This write-once field selects the clock source of the COP watchdog.
00 LPO clock (1 kHz)
01 MCGIRCLK
10 OSCERCLK
11 Bus clock
5 COP Debug Enable
COPDBGEN
0 COP is disabled and the counter is reset in Debug mode
1 COP is enabled in Debug mode
4 COP Stop Enable
COPSTPEN
0 COP is disabled and the counter is reset in Stop modes
1 COP is enabled in Stop modes
3-2 COP Watchdog Timeout
COPT
This write-once field selects the timeout period of the COP. COPT along with the COPCLKS field define
the COP timeout period.
00 COP disabled
01 COP timeout after 25 cycles for short timeout or 213 cycles for long timeout
10 COP timeout after 28 cycles for short timeout or 21 cycles for long timeout
11 COP timeout after 210 cycles for short timeout or 218 cycles for long timeout
1 COP Clock Select
COPCLKS
This write-once field selects between a short timeout or a long timeout, the COP clock source is
configured by COPCLKSEL.
0 COP configured for short timeout
1 COP configured for long timeout
0 COP Windowed Mode
COPW

Windowed mode is supported for all COP clock sources, but only when the COP is configured for a long
timeout. The COP window is opened three quarters through the timeout period and will generate a system
reset if the COP is serviced outside of that time.

0 Normal mode
1 Windowed mode
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12.3.18 Service COP (SIM_SRVCOP)

This is write only register, any read to this register will cause transfer error.

Address: 4004_7000h base + 1104h offset = 4004_8104h

w Reserved SRVCOP

ResetOO00000000000000|0000000000000000

SIM_SRVCOP field descriptions

Field Description

31-8 This field is reserved.
Reserved

SRVCOP Service COP Register

Write 0x55 and then OxAA (in that order) to reset the COP timeout counter, writing any other value will
generate a system reset.

12.4 Functional description

See Introduction section.

12.4.1 COP watchdog operation

The COP watchdog is intended to force a system reset when the application software fails
to execute as expected. To prevent a system reset from the COP timer (when it is
enabled), the application software must reset the COP counter periodically. If the
application program gets lost and fails to reset the COP counter before it times out, a
system reset is generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled. If the COP watchdog is not used in an
application, it can be disabled by clearing SIM_COPC[COPT].

The COP counter is reset by writing 0x55 and OxAA (in that order) to the address of the
SIM's Service COP (SRVCOP) register during the selected timeout period. Writes do not
affect the data in the SRVCOP register. As soon as the write sequence is complete, the
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COP timeout period is restarted. If the program fails to perform this restart during the
timeout period, the microcontroller resets. Also, if any value other than 0x55 or OxAA is
written to the SRVCOP register, the microcontroller immediately resets.

SIM_COPC[COPCLKS] and SIM_COPCTRL[COPCLKSEL] select the timeout
duration and clock source used for the COP timer. The clock source options are either the
bus clock, 8 MHz/2 MHz IRC, external crystal or an internal 1 kHz clock source. With
each clock source, the associated timeouts are controlled by SIM_COPC[COPT] and
SIM_COPC[COPCLKS]. The following table summarizes the control functions of
SIM_COPCTRL[COPCLKS] and SIM_COPC[COPCLKSEL] and SIM_COPC[COPT]
fields. The COP watchdog defaults to operation from the 1 kHz clock source and the
longest timeout is 210 cycles.

Table 12-1. COP configuration options

Control bits Clock COP window opens COP overflow
SIM_COPC[COPCLK | SIM_COPC[COPCLK | SiM_copPc[coP | S°Ur°® | sim_copcicoPw]=1) count
SEL] S] T
N/A N/A 00 N/A N/A COP is disabled.
00 0 01 1 kHz N/A 25 cycles (32ms)
1 6,144 cycles 213 cycles
(8192ms)
00 0 10 1 kHz N/A 28 cycles
(256ms)
1 49,152 cycles 216 cycles
(65536ms)
00 0 11 1 kHz N/A 210 cycles (1024
ms)
1 196,608 cycles 218 cycles
(262144ms)
01 0 01 8/2 MHz N/A 25 cycles
1 6,144 cycles 213 cycles
01 0 10 8/2 MHz N/A 28 cycles
1 49,152 cycles 216 cycles
01 0 11 8/2 MHz N/A 210 cycles
1 196,608 cycles 218 cycles
10 0 01 crystal N/A 25 cycles
1 6,144 cycles 213 cycles
10 0 10 crystal N/A 28 cycles
1 49,152 cycles 216 cycles
10 0 11 crystal N/A 210 cycles
1 196,608 cycles 218 cycles
01 0 01 bus N/A 25 cycles
1 6,144 cycles 213 cycles
01 0 10 bus N/A 28 cycles

Table continues on the next page...
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Table 12-1. COP configuration options (continued)

Control bits Clock COP window opens COP overflow
SIM_COPC[COPCLK | SIM_COPC[COPCLK | SiM_copPc[cop | S°UYr®® [ sim_copcicoPwi=1) count
SEL] s] T
1 49,152 cycles 216 cycles
01 0 11 bus N/A 210 cycles
1 196,608 cycles 218 cycles

After the long timeout (COPCLKS = 1) is selected, windowed COP operation is available
by setting SIM_COPC[COPW]. In this mode, writes to SIM_SRVCOP to clear the COP
timer must occur in the last 25% of the selected timeout period. A premature write
immediately resets the chip. When the short timeout (COPCLKS =0) is selected,
windowed COP operation is not available.

The COP counter is initialized by the first writes to SIM_COPC and after any system
reset. Subsequent writes to SIM_COPC have no effect on COP operation. Even if an
application uses the reset default settings of SIM_COPC[COPT],
SIM_COPC[COPCLKS], SIM_COPC[COPCLKSEL], and SIM_COPC[COPW] fields,
the user should write to the write-once SIM_COPC register during reset initialization to
lock in the settings. This approach prevents accidental changes if the application program
becomes lost.

The write to SIM_SRVCOP that services (clears) the COP counter should not be placed
in an interrupt service routine (ISR) because the ISR could continue to be executed
periodically even if the main application program fails.

If the selected clock is not the 1 kHz clock source, the COP counter does not increment
while the microcontroller is in Debug mode or while the system is in Stop (including
VLPS or LLS) mode. The COP counter resumes when the microcontroller exits Debug or
Stop mode.

The COP counter is re-initialized to 0 upon entry to either Debug mode or Stop
(including VLPS or LLS) mode. The counter begins from 0 upon exit from Debug mode
or Stop mode.

The COP counter can also be configured to continue incrementing during Debug mode or
Stop (including VLPS) mode if either COPDBGEN or COPSTPEN are set respectively.
When the selected clock is the bus clock and COPSTEN bit is set, the COP counter
cannot increment during Stop modes, however the COP counter is not reset to 0.

Regardless of the clock selected, the COP is disabled when the chip enters a VLLSx
mode. Upon a reset that wakes the chip from the VLLSx mode, the COP is reinitialized
and enabled as for any reset.
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Chapter 13
Kinetis ROM Bootloader

13.1 Chip-Specific Information

This device has various peripherals (UART, I12C, SPI ) supported by the Kinetis ROM
Bootloader. To use an interface for bootloader communications, the peripheral must be
enabled in the BCA, as shown in Table 13-3. If the BCA is invalid (such as all OxFF
bytes), then all peripherals will be enabled by default. The next table shows the pads used
by the Kinetis ROM Bootloader.

Table 13-1. Kinetis Bootloader Peripheral Pinmux

Port Signal

PTA2 LPUARTO_TX
PTA1 LPUARTO_RX
PTBO 12C0_SCL
PTB1 12C0_SDA
PTC4 SPI0O_SS_b
PTC7 SPI0_MISO
PTC6 SPI0_MOSI
PTC5 SPI0_SCK

13.2 Introduction

The Kinetis bootloader is the program residing in the on-chip read-only memory (ROM)
of a Kinetis microcontroller device. There is hardware logic in place at boot time that
either starts execution of an embedded image available on the internal flash memory, or
starts the execution of the Kinetis Bootloader from on-chip ROM.
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The Kinetis Bootloader’s main task is to provision the internal flash memory with an
embedded firmware image during manufacturing, or at any time during the life of the
Kinetis device. The Kinetis Bootloader does the provisioning by acting as a slave device,
and listening to various peripheral ports where a master can start communication.

For the Kinetis device, the Kinetis Bootloader can interface with I2C, SPI, and LPUART
peripherals in slave mode and respond to the commands sent by a master (or host)
communicating on one of those ports. The host/master can be a firmware-download
application running on a PC or an embedded host communicating with the Kinetis
Bootloader. Regardless of the host/master (PC or embedded host), the Kinetis Bootloader
always uses a command protocol to communicate with that host/master. Commands are
provided to write to memory (internal flash or RAM), erase flash, and get/set bootloader
options and property values. The host application can query the set of available
commands.

On start-up, the bootloader reads optional configuration parameters from a fixed area on
flash called the bootloader configuration area (BCA). These parameters can be modified
by the write memory command or by downloaded flash image. BCA parameters include
configuration data such as enabled peripherals, peripheral-specific settings, etc.

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

Features supported by the Kinetis Bootloader in Kinetis ROM:

* Supports 12C, SPI, and LPUART peripheral interfaces

* Automatic detection of the active peripheral

* Ability to disable any peripheral

e LPUART peripheral implements autobaud

e Common packet-based protocol for all peripherals

 Packet error detection and retransmission

* Flash-resident configuration options

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

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

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

» Multiple options for executing the bootloader either at system start-up or under
application control at runtime
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Table 13-2. Commands supported by the Kinetis Bootloader in ROM

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

13.3 Functional Description
The following sub-sections describe the Kinetis Bootloader in KLx7 ROM functionality.

13.3.1 Memory Maps
While executing, the Kinetis Bootloader uses ROM and RAM memory.

0x1C00_4000

text
0x2000_1800
Available, not used by ROM
0x1C00_010C — 0x2000_0688
.noinit
0x1C00_00CO0 ROM use
vectors
0x1C00_0000 Ox1FFF_F800
16 KB of ROM 8KB of RAM

Figure 13-1. Kinetis Bootloader ROM/RAM Memory Maps

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 171




Functional Description

13.3.2 The Kinetis Bootloader Configuration Area (BCA)

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

Table 13-3. Configuration Fields for the Kinetis Bootloader

Offset Size (bytes) Configuration Field Description
0x00 - 0x03 4 tag Magic number to verify bootloader
configuration is valid. Must be set to
'kefg'.
0x04 - 0x07 4 - Reserved in KLx7
0x08 - 0x0B 4 - Reserved in KLx7
0x0C - OxOF 4 - Reserved in KLx7

0x10 1 enabledPeripherals Bitfield of peripherals to enable.
bit 0 LPUART
bit 1 12C
bit 2 SPI
Kinetis bootloader will enable the
peripheral if corresponding bit is set to
1.

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

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

0x14 - Ox15 2 - Reserved

0x16- 0x17 2 - Reserved in

0x18 - Ox1B 4 - Reserved in

0x1C 1 clockFlags See Table 13-5, clockFlags
Configuration Field

0x1D clockDivider Inverted value of the divider to use for
core and bus clocks when in high
speed mode

Ox1F pad byte N/A

0x24 4 Reserved -
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The first configuration field 'tag' is a tag value or magic number. The tag value must be
set to 'kcfg' for the bootloader configuration data to be recognized as valid. If tag-field
verification fails, then the Kinetis Bootloader assumes that the flash is not initialized and
uses a predefined default configuration. The tag value is treated as a character string, so
bytes 0-3 must be set as shown in the table.

Table 13-4. tag Configuration Field

Offset tag Byte Value
0 'k' (0x6B)
1 'c' (0x63)
2 'f' (0x66)
3 'g' (0x67)

The flags in the clockFlags configuration field are enabled if the corresponding bit is
cleared (0).

Table 13-5. clockFlags Configuration Field

Bit Flag Description
0 HighSpeed Enable high speed mode (i.e., 48 MHz).
1-7 Reserved Not used in KLx7 ROM

13.3.3 Start-up Process
The following conditions will force the hardware to start the Kinetis Bootloader:

 BOOTSRC_SEL field of FOPT register is set to either Ob11 or Ob10. This forces the
ROM to run out of reset.

* The BOOTCFGO pin is asserted. The pin must be configured as BOOTCFGO by
setting the BOOTPIN_OPT bit of FOPT to 0.

* A user applications running on flash or RAM calls into the Kinetis Bootloader entry
point address in ROM, to start Kinetis Bootloader execution.

The BOOTSRC_SEL bits (FOPT register, FOPT [7:6]) determine the boot source. The
FOPT register is located in the flash configuration field at address 0x40D in the flash
memory array. For a complete list of options, see the Boot options section in the Reset
and Boot chapter. If BOOTSRC_SEL is set to Ob11 or Ob10, then the device will boot to
ROM out of reset. Flash memory defaults to all 1s when erased, so a blank chip will
automatically boot to ROM.
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The BOOTCFGO pin is shared with the NMI pin, with NMI being the default usage.
Regardless of whether the NMI pin is enabled or not, the NMI functionality is disabled if
the ROM is executed out of reset, for as long as the ROM is running.

When the ROM is executed out of reset, vector fetches from the CPU are redirected to
the ROM's vector table in ROM memory at offset 0x1C00_0000. This ensures that any
exceptions will be handled by the ROM.

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

1. The RCM_MR [FORCEROM] bits are set, so that the device will reboot back into
the ROM if/when the device is reset.

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

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

4. Clocks are configured. See the Clock Configuration section.

Enabled peripherals are initialized.

6. The bootloader waits for communication to begin on a peripheral.

* If detection times out, then the bootloader jumps to the user application in flash.
See Bootloader Exit state section.

* If communication is detected, then all inactive peripherals are shut down, and the
command phase is entered.

hd
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Figure 13-2. Kinetis Bootloader Start-up Flowchart

13.3.4 Clock Configuration

By default, the bootloader does not modify clocks. The Kinetis Bootloader in ROM will
use the clock configuration of the chip out of reset unless the clock configuration bits in

the FOPT register are cleared.
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* Alternate clock configurations are supported, by setting fields in the Bootloader
Configuration Area (BCA) shown in Table 13-3.

« If the HighSpeed flag of the clockFlags configuration value is cleared, the bootloader
will enable the internal 48 MHz reference clock.

* In high speed mode, the core and bus clock frequencies are determined by the
clockDivider configuration value.

e The core clock divider is set directly from the inverted value of the clockDivider.

* The bus clock divider is set to 1, unless the resulting bus clock frequency would be
greater than the maximum supported value. In this case, the bus clock divider is
increased until the bus clock frequency is at or below the maximum.

* Note that the maximum baud rate of serial peripherals is related to the core and bus

clock frequencies. To achieve the desired baud rates, high speed mode should be
enabled in BCA.

13.3.5 Bootloader Entry Point

The Kinetis Bootloader provides a function (runBootloader) that a user application can
call, to run the bootloader.

To get the address of the entry point, the user application reads the word containing the
pointer to the bootloader API tree at offset Ox1C of the bootloader's vector table. The

vector table is placed at the base of the bootloader's address range, which for the ROM is
0x1C00_0000. Thus, the API tree pointer is at address 0x1C00_001C.

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

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

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

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

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

// Variables
uint32_t runBootloaderAddress;

void (*runBootloader) (void * arg);
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// Read the function address from the ROM API tree.
runBootloaderAddress = ** (uint32 t **) (0x1c00001c);

runBootloader = (void (*) (void * arg))runBootloaderAddress;

// Start the bootloader.

runBootloader (NULL) ;

13.3.6 Bootloader Protocol

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

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

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

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

13.3.6.1 Command with no data phase

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

Command

Process command

Figure 13-3. Command with No Data Phase

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

Figure 13-4. Command with incoming data phase

NOTE

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

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

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

13.3.6.3 Command with outgoing data phase
The protocol for a command with an outgoing data phase contains:
e Command packet (from host)
* ReadMemory Response command packet (to host) (kCommandFlag_HasDataPhase
set)
* Outgoing data packets (to host)
* Generic response command packet (to host)

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
180 NXP Semiconductors




4
Chapter 13 Kinetis ROM Bootloader

Host Target
Command
ACK
< ______________________
Process command
Initial Response
<
ACK
_______________________ _>
Data packet
¢
Process data
ACK
_______________________ _’
| |
Final data packet
<
Process data
ACK
______________________ _’
Final Response
<
ACK
_______________________ _’

Figure 13-5. Command with outgoing data phase

NOTE

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

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

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

13.3.7 Bootloader Packet Types

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

NOTE

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

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

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

13.3.7.1 Ping packet

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

Table 13-6. Ping Packet Format

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

Ping Packet Ox5a Oxa6

 »

Target executes UART au

PingResponse Packet

Ox5a 0xa7 0x00 0x02 0x01 0x50 0x00 0x00 Oxaa Oxea

Target

Figure 13-6. Ping Packet Protocol Sequence

13.3.7.2 Ping Response Packet

The target (Kinetis Bootloader) sends a Ping Response packet back to the host after

tobaud if necessary

receiving a Ping packet. If communication is over a LPUART peripheral, the target uses

the incoming Ping packet to determine the baud rate before replying with the Ping

Response packet. Once the Ping Response packet is received by the host, the connection

is established, and the host starts sending commands to the target (Kinetis Bootloader).

Table 13-7. Ping Response Packet Format

Byte #

Value

Parameter

0

0x5A

start byte

OxA7

Ping response code

Protocol bugfix

Protocol minor

Protocol major

Protocol name = 'P' (0x50)

Options low

Options high

CRC16 low

Ol N|lo|jo| ||| =

CRC16 high
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13.3.7.3 Framing Packet

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

Table 13-8. Framing Packet Format

Byte # Value Parameter
0 Ox5A start byte
1 packetType
2 length_low Length is a 16-bit field that specifies the entire
3 length_high command or data packet size in bytes.
4 crc16_low This is a 16-bit field. The CRC16 value covers entire
5 cre16_high framing packet, including the start byte and command
- or data packets, but does not include the CRC bytes.
See the CRC16 algorithm after this table.
6...n Command or Data packet
payload

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

Table 13-9. Special Framing Packet Format

Byte # Value Parameter
0 Ox5A start byte
1 O0xAn packetType

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

Table 13-10. packetType Field

packetType Name Description

OxA1 kFramingPacketType_Ack The previous packet was received successfully; the sending
of more packets is allowed.

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

0xA3 kFramingPacketType_AckAbort Data phase is being aborted.

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

0xA5 kFramingPacketType_Data The framing packet contains a data packet payload.

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

0xA7 kFramingPacketType_PingResponse A response to Ping; contains the framing protocol version
number and options.

CRC16 algorithm:
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uintlé_t crclé_update(const uint8 t * src, uint32_t lengthInBytes)

{

uint32 t crc = 0;
uint32 t j;
for (j=0; j < lengthInBytes; ++3j)
{
uint32 t i;
uint32 t byte = srcl[jl;
crc *= byte << 8;
for (i = 0; 1 < 8; ++1)
{
uint32 t temp = crc << 1;
if (crc & 0x8000)
{
temp "= 0x1021;
}
crc = temp;
}
}

return crc;

13.3.7.4 Command packet

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

Table 13-11. Command Packet Format

Command Packet Format (32 bytes)

Command Header (4 bytes) 28 bytes for Parameters (Max 7 parameters)
Tag Flags |Rsvd |Param |Param1 Param2 Param3 Param4 Param5 Param6 Param7
Count |(32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit) (32-bit)
byte 0 |[byte 1 |byte2 |byte 3
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Table 13-12. Command Header Format

Byte # Command Header Field
0 Command or Response tag The command header is 4 bytes long, with
] Flags these fields.
2 Reserved. Should be 0x00.
3 ParameterCount

The header 1s followed by 32-bit parameters up to the value of the ParameterCount field
specified in the header. Because a command packet is 32 bytes long, only 7 parameters
can fit into the command packet.

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

Table 13-13. Commands that are supported

Command Name
0x01 FlashEraseAll
0x02 FlashEraseRegion
0x03 ReadMemory
0x04 WriteMemory
0x05 Reserved
0x06 FlashSecurityDisable
0x07 GetProperty
0x08 Reserved
0x09 Execute
O0x0A Reserved
0x0B Reset
0x0C SetProperty
0x0D FlashEraseAllUnsecure
O0xO0E Reserved
OxOF Reserved
0x10 Reserved
0x11 Reserved

Table 13-14. Responses that are supported

Response Name
0xA0 GenericResponse
OxA7 GetPropertyResponse (used for sending responses to GetProperty command only)

Table continues on the next page...
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Table 13-14. Responses that are supported (continued)

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

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

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

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

13.3.7.5 Data packet

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

The contents of a data packet are simply the data itself. There are no other fields, so that
the most data per packet can be transferred. Framing packets are responsible for ensuring
that the correct packet data is received.

13.3.7.6 Response packet
The responses are carried using the same command packet format wrapped with framing
packet data. Types of responses include:

* GenericResponse

* GetPropertyResponse

* ReadMemoryResponse

GenericResponse: After the Kinetis Bootloader has processed a command, the
bootloader will send a generic response with status and command tag information to the
host. The generic response is the last packet in the command protocol sequence. The
generic response packet contains the framing packet data and the command packet data
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(with generic response tag = 0xA0Q) and a list of parameters (defined in the next section).
The parameter count field in the header is always set to 2, for status code and command
tag parameters.

Table 13-15. GenericResponse Parameters

Byte # Parameter Descripton

0-3 Status code The Status codes are errors encountered during the execution of a
command by the target (Kinetis Bootloader). If a command succeeds, then
a kStatus_Success code is returned. Table 13-39, Kinetis Bootloader
Status Error Codes, lists the status codes returned to the host by the
Kinetis Bootloader for KLx7 ROM.

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

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

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

Table 13-16. GetPropertyResponse Parameters

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

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

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

The parameter count set to 2 for the status code and the data byte count parameters shown
below.
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Table 13-17. ReadMemoryResponse Parameters

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

13.3.8 Bootloader Command API

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

* For a list of commands supported by the Kinetis Bootloader in KLLx7 ROM, see

Table 13-2, Commands supported.
e For a list of status codes returned by the Kinetis Bootloader in KLx7 ROM, see Table

13-39, Kinetis Bootloader Status Error Codes.

13.3.8.1 Execute command

The execute command results in the bootloader setting the program counter to the code at
the provided jump address, RO to the provided argument, and a Stack pointer to the
provided stack pointer address. Prior to the jump, the system is returned to the reset state.

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

Table 13-18. Parameters for Execute Command

Byte # Command
0-3 Jump address

4-7 Argument word

8- 11 Stack pointer address

The Execute command has no data phase.

Response: Before executing the Execute command, the target (Kinetis Bootloader) will
validate the parameters and return a GenericResponse packet with a status code either set
to kStatus_Success or an appropriate error status code.
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13.3.8.2 Reset command
The Reset command will result in bootloader resetting the chip.

The Reset command requires no parameters.

Host Target

- Reset

Ox5a a4 04 00 6f46 Ob 00 00 00— P

ACK: ]
</Ox5a al

Process command

GenericResponse:
&— 0x5a a4 0c 00 f8 Ob a0 00 04 02 00 00 00 00 Ob 00 00 00

[ ACK
Oxaal ——  ————— )

Figure 13-7. Protocol Sequence for Reset Command

Table 13-19. Reset Command Packet Format (Example)

Reset Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 O0x6F Ox46

Command packet commandTag 0x0B - reset

flags 0x00
reserved 0x00
parameterCount 0x00

The Reset command has no data phase.

Response: The target (Kinetis Bootloader) will return a GenericResponse packet with
status code set to kStatus_Success, before resetting the chip.
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13.3.8.3 GetProperty command

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

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

For a list of properties and their associated 32-bit property tags supported by the Kinetis
Bootloader in KLx7 ROM, see Table 13-35.

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

Table 13-20. Parameters for GetProperty Command

Byte # Command

0-3 Property tag

Host Target

GetProperty: Property tag= 0x01
Ox5a a4 08 00 73d4 07000001 01 000000 P

ACKe ]
¢« Oxbaat

Process command

Generic Response:
l&——0x5a a4 0c 00 07 7a a7 00 00 02 00 00 00 00 00 00 01 4b

T ACK:
Ox5aal ]

Figure 13-8. Protocol Sequence for GetProperty Command

Table 13-21. GetProperty Command Packet Format (Example)

GetProperty Parameter Value
Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x08 0x00

Table continues on the next page...
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Table 13-21. GetProperty Command Packet Format (Example) (continued)

GetProperty Parameter Value
crc16 0x73 0xD4
Command packet commandTag 0x07 — GetProperty
flags 0x00
reserved 0x00
parameterCount 0x01
propertyTag 0x00000001 - CurrentVersion

The GetProperty command has no data phase.

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

Table 13-22. GetProperty Response Packet Format (Example)

GetPropertyResponse Parameter Value
Framing packet start byte Ox5A

packetType 0xA4, kFramingPacketType_Command
length 0x0c 0x00 (12 bytes)
crc16 0x07 Ox7a

Command packet responseTag OxA7
flags 0x00
reserved 0x00
parameterCount 0x02
status 0x00000000
propertyValue 0x0000014b - CurrentVersion

13.3.8.4 SetProperty command

The SetProperty command is used to change or alter the values of the properties or
options in the Kinetis Bootloader ROM. However, the SetProperty command can only
change the value of properties that are writable—see Table 13-35, Properties used by
Get/SetProperty Commands. If you try to set a value for a read-only property, then the
Kinetis Bootloader will return an error.

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
192 NXP Semiconductors




Chapter 13 Kinetis ROM Bootloader

The property tag and the new value to set are the 2 parameters required for the

SetProperty command.

Table 13-23. Parameters for SetProperty Command

Byte # Command
0-3 Property tag
4-7 Property value

Host

SetProperty. Property tag= 10, Property Value = 1
Ox5a a4 0c 00 67 8d 0c 00 00 02 0a 00 00 00 01 00 00 00 ——p|

ACK:
4,/ 0x5a ai

GenericResponse:

& 0x5a a4 00 9e 10 a0 00 Oc 02 00 00 00 00 Oc 00 00 00

Target

Process command

Figure 13-9. Protocol Sequence for SetProperty Command

Table 13-24. SetProperty Command Packet Format (Example)

SetProperty Parameter

Value

Framing packet start byte

0x5A

packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x67 0x8D

Command packet commandTag

0x0C — SetProperty with property tag 10

flags 0x00

reserved 0x00

parameterCount 0x02

propertyTag 0x0000000A - VerifyWrites
propertyValue 0x00000001

The SetProperty command has no data phase.
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Response: The target (Kinetis Bootloader) will return a GenericResponse packet with
one of following status codes:

Table 13-25. SetProperty Response Status Codes

Status Code

kStatus_Success
kStatus_ReadOnly
kStatus_UnknownProperty

kStatus_InvalidArgument

13.3.8.5 FlashEraseAll command

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

The FlashErase All command requires no parameters.

Host Target

@ FlashEraseAll

Ox5a a4 04 00c42e01 000000 P

ACKe ]
¢« Oxbaat

Process command

Generic Response:
l¢«——0x5a a4 0c 00 53 63 a0 00 04 02 00 00 00 00 01 00 00 00

———— ACK
Ox5a a1\,

Figure 13-10. Protocol Sequence for FlashEraseAll Command
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Table 13-26. FlashEraseAll Command Packet Format (Example)

FlashEraseAll Parameter Value

Framing packet start byte Ox5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0xC4 0x2E

Command packet commandTag 0x01 - FlashEraseAll

flags 0x00
reserved 0x00
parameterCount 0x00

The FlashErase All command has no data phase.

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

13.3.8.6 FlashEraseRegion command

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

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

Table 13-27. Parameters for FlashEraseRegion Command

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

| FlashEraseRegion: startAddress=0, byteCount=1024
0x5a a4 0c 00 f9 a6 02 00 00 00 00 00 00 00 00 04 00 00 ——p,

ACKe ]
¢« Oxb5aat

Process command

Generic Response:
4— 0x5a a4 Oc 00 ba 55 a0 00 00 02 00 00 00 00 02 00 00 00

T ACK:
Ox5aal ]

Figure 13-11. Protocol Sequence for FlashEraseRegion Command

The FlashEraseRegion command has no data phase.

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

Table 13-28. FlashEraseRegion Response Status Codes

Status Code

kStatus_Success (0x0)
kStatus_MemoryRangelnvalid (0x10200)
kStatus_FlashAlignmentError (0x101)
kStatus_FlashAddressError (0x102)
kStatus_FlashAccessError (0x103)
kStatus_FlashProtectionViolation (0x104)
kStatus_FlashCommandFailure (0x105)

13.3.8.7 FlashEraseAllUnsecure command

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

The FlashErase AllUnsecure command requires no parameters.
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Host Target

— @@ FlashEraseAllUnsecure
Ox5a a4 04 00f6 61 0d00ccO0———————p

ACKe ]
¢« Oxb5aat

Process command

Generic Response:
g 0x5a a4 Oc 00 61 2 a0 00 04 02 00 00 00 00 0d 00 00 00

———  ACK:
Ox5aal — —————— ]

Figure 13-12. Protocol Sequence for FlashEraseAll Command

Table 13-29. FlashEraseAllUnsecure Command Packet Format (Example)

FlashEraseAllUnsecure Parameter Value

Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x04 0x00
crc16 0xF6 0x61

Command packet commandTag 0x0D - FlashEraseAllUnsecure

flags 0x00
reserved 0x00
parameterCount 0x00

The FlashErase AllUnsecure command has no data phase.

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

13.3.8.8 FlashSecurityDisable command

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

The backdoor low and high words are the only parameters required for
FlashSecurityDisable command.
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Table 13-30. Parameters for FlashSecurityDisable Command

Byte # Command
0-3 Backdoor key low word
4-7 Backdoor key high word
Host Target

FlashSecureDisable, with backdoor key 0102030405060708
0x5a a4 0c 00 43 70 06 00 00 04 030201 0807 06 05 —

ACK:
. Oxgal

Process command

Generic Response:
«<4— 0x5a a4 0c 00 35 78 a0 00 Oc 02 00 00 00 00 06 00 00 00

Figure 13-13. Protocol Sequence for FlashSecurityDisable Command

Table 13-31. FlashSecurityDisable Command Packet Format (Example)

FlashSecurityDisable | Parameter Value

Framing packet start byte O0x5A
packetType 0xA4, kFramingPacketType_Command
length 0x0C 0x00
crc16 0x43 0x7B

Command packet commandTag 0x06 - FlashSecurityDisable

flags 0x00
reserved 0x00
parameterCount 0x02
Backdoorkey_low 0x04 0x03 0x02 0x01
Backdoorkey_high 0x08 0x07 0x06 0x05

The FlashSecurityDisable command has no data phase.

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

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

Special care must be taken when writing to flash.

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

* Writing to flash requires the start address to be .

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

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

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

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

Table 13-32. Parameters for WriteMemory Command

Byte # Command
0-3 Start address
4-7 Byte count

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 199




Functional Description

Host Target

WriteMemory: startAddress = 0x20000400, byteCount= 0x64
0x5a a4 Oc 00 06 5a04 00 00 02 00 04 00 20 64 00 00 00

e e =
ACK: Ox5a a1

.,
Process command

Generic Response:
¢« 0x5a a4 0c 00 27 1f a0 00ff 02 00 00 00 00 04 00 00 00
| ACK:0x5aal

_ ]
- Data packet:
Ox5a a5 20 00 CRC16 32bytesdata = >

Process Data

ACK: Ox5a a1

«—

- Final Data packet
Ox5a a5length16 CRC16 32 bytesdata =

Process Data

- ACK

Generic Response
¢« 0x5a a4 0c 00 23 72a0 00 00 02 00 00 00 00 04 00 00 00

N

CKoxsaal——u ]

Figure 13-14. Protocol Sequence for WriteMemory Command

Table 13-33. WriteMemory Command Packet Format (Example)

WriteMemory Parameter Value

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

Command packet commandTag 0x04 - writeMemory

flags 0x00
reserved 0x00
parameterCount 0x02
startAddress 0x20000400
byteCount 0x00000064
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Data Phase: The WriteMemory command has a data phase; the host will send data
packets until the number of bytes of data specified in the byteCount parameter of the
WriteMemory command are received by the target.

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

13.3.8.10 Read memory command

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

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

Table 13-34. Parameters for read memory command

Byte Parameter Description
0-3 Start address Start address of memory to read from
4-7 Byte count Number of bytes to read and return to caller
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Functional Description

Host Target

readMemory : startAddress = 0x20000400, byteCount= 100
Ox5a a4 0c 00 1d 23 03 00 00 02 00 04 00 20 64 00 00 00

I

/ACK: Ox5a a1l
Process command

Generic response for command:
¢ 0x5a a4 0c 00 27 f6 a3 01 00 02 00 00 00 00 64 00 00 00

-

ACK: 0x5a at —

Data packet :
« Ox5a a5 20 00 CRC 16 32 bytes data

Process Data

Final Data packet
¢ Ox5a a5 length 16 CRC 16 32 bytes data

Process Data
ACK: Ox5a a1 >

Final Generic Response
¢ 0x5a a4 0c 00 Oe 23 a0 00 00 02 00 00 00 00 03 00 00 00

- ACK:xbaat?Vi—— ]

Figure 13-15. Command sequence for read memory

ReadMemory Parameter Value
Framing packet Start byte 0x5A0xA4,
packetType kFramingPacketType_Command
length 0x0C 0x00
crc16 0x1D 0x23
Command packet commandTag 0x03 - readMemory

flags 0x00

reserved 0x00

parameterCount 0x02
startAddress 0x20000400
byteCount 0x00000064
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Data Phase: The ReadMemory command has a data phase. Since the target (Kinetis
Bootloader) works in slave mode, the host need pull data packets until the number of
bytes of data specified in the byteCount parameter of ReadMemory command are
received by host.

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

13.3.9 Bootloader Exit state

The Kinetis Bootloader tries to reconfigure the system back to the reset state in the
following situations:
 After completion of an Execute command, but before jumping to the specified entry
point.
» After a peripheral detection timeout, but before jumping to the application entry
point.

In general, all peripherals are reset. However, the application must consider the following
exceptions:
* 12C and SPI are restored by writing the control registers to reset values.
* LPUART is not restored.
* Peripheral pin mux is not reset to default, see the pin mux table (Kinetis Bootloader
Peripheral Pinmux).

Additional considerations:

 If VLPR mode is active during a system boot, then the bootloader will exit VLPR
mode on entry (to bootloader operation), and VLPR mode will not be restored after
exiting from the bootloader.

* If high speed clocking is selected in the Bootloader Configuration Area, then high
speed clocks will be retained after exiting from the bootloader.

» Upon exit from the bootloader, the bootloader leaves global interrupts disabled and
restores the VTOR register to its default value (0x0).

NOTE
PORT clock gate, pin mux and peripheral registers are not reset
to default values on bootloader exit.

» Affected PORT clock gates: PORTA, PORTB, PORTC,
PORTD and PORTE(SIM_SCGC5_PORTA,
SIM_SCGC5_PORTB, SIM_SCGC5_PORTC,
SIM_SCGC5_PORTD and SIM_SCGCS5_PORTE are
enabled)
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» Affected pin mux:
« LPUARTO(PTAI, PTA2)
* [2CO(PTBO, PTB1)
* SPIO(PTCA4, PTCS, PTC6, PTCT7)
» Affected peripheral registers:
* LPUART and LPUART clock source
(SIM_SOPT2_PLLFLLSEL = 3)
* SPI
* 12C

You must re-configure the corresponding register to the
expected value, instead of relying on the default value.

13.4 Peripherals Supported

This section describes the peripherals supported by the Kinetis ROM Bootloader. To use
an interface for bootloader communications, the peripheral must be enabled in the BCA,

as shown in Table 13-3. If the BCA is invalid (such as all OxFF bytes), then all
peripherals will be enabled by default.

13.4.1 12C Peripheral

The Kinetis Bootloader in KLx7 ROM supports loading data into flash via the I2C
peripheral, where the I2C peripheral serves as the 12C slave. A 7-bit slave address is used
during the transfer.

Customizing an I2C slave address is also supported. This feature is enabled if the
Bootloader Configuration Area (BCA) (shown in Table 13-3) is enabled (tag field is
filled with ‘kcfg’) and the i2cSlaveAddress field is filled with a value other than OxFF.
Otherwise, 0x10 1s used as the default I2C slave address.

The maximum supported I2C baud rate depends on corresponding clock configuration
field in the BCA. Typical supported baud rate is 400 kbps with factory settings. Actual
supported baud rate may be lower or higher than 400 kbps, depending on the actual value
of the clockFlags and the clockDivider fields.

Because the 12C peripheral serves as an [12C slave device, each transfer should be started
by the host, and each outgoing packet should be fetched by the host.
* An incoming packet is sent by the host with a selected I2C slave address and the
direction bit is set as write.
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* An outgoing packet is read by the host with a selected I12C slave address and the
direction bit is set as read.

» 0x00 will be sent as the response to host if the target is busy with processing or
preparing data.

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

( Fetch )
Ping response End

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

Y?as

Ox7A
received?

Figure 13-16. Host reads ping response from target via 12C

‘ Fetch ACK ) Report an error

Read 1 byte

from target No—»  Report Error

A

No

Read 1 byte
from target

0xA2

Process NAK [¢—Ye received?

No

Reached
maximum
retries?

Ox5A

oK 1 Read 1 byte

from target

OxA1

Yes—» received?

Yes

Report a timeout
error

Figure 13-17. Host reads ACK packet from target via 12C
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Fetch
( Response ) End

Read 1 byte
from target Foad
payload data
from target
O0x5A ?
‘received? Yes
es
v Payload length Set payload length
Read 1 byte less than supported No»{  tomaximum
from target length* supported length
Yes

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

Figure 13-18. Host reads response from target via 12C

13.4.2 SPI Peripheral

The Kinetis Bootloader in KLx7 ROM supports loading data into flash via the SPI
peripheral, where the SPI peripheral serves as a SPI slave.

Maximum supported baud rate of SPI depends on the clock configuration fields in the
Bootloader Configuration Area (BCA) shown in Table 13-3. The typical supported baud
rate i1s 400 kbps with the factory settings. The actual baud rate is lower or higher than 400
kbps, depending on the actual value of the clockFlags and clockDivider fields in the
BCA.

The SPI peripheral uses the following bus attributes:
* Clock Phase =1 (Second Edge)
 Clock Polarity = 1 (Active Low)

Because the SPI peripheral in KLLx7 ROM serves as a SPI slave device, each transfer
should be started by the host, and each outgoing packet should be fetched by the host.

The transfer on SPI is slightly different from 12C:
* Host will receive 1 byte after it sends out any byte.
* Received bytes should be ignored when host is sending out bytes to target
» Host starts reading bytes by sending 0x00s to target
* The byte 0x00 will be sent as response to host if target is under the following
conditions:
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* Processing incoming packet
* Preparing outgoing data
* Received invalid data

The SPI bus configuration is:
* Phase = 1; data is sampled on rising edges
* Polarity = 1; idle is high
e MSB is transmitted first

For any transfer where the target does not have actual data to send, the target (slave) is
responsible for ensuring that 0x00 bytes will be returned to the host (master). The host
uses framing packets to identify real data and not "dummy" 0x00 bytes (which do not
have framing packets).

The following flowcharts demonstrate how the host reads a ping response, an ACK and a
command response from target via SPI.

Fetch
( Ping response ) End

Send 0x00 to Setnld ﬁOxOOsbtot shift

shift out 1 byte 0;1 leftover bytes
r from target of ping response
No Y?es

OXBA Send 0x00 to i
received? Yes»| shift out 1 byte reooned? No—»{  Report Error
from target

Figure 13-19. Host reads ping packet from target via SPI
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No——»

maximum
retries?

No———p

maximum
retries?

Yes

Report a timeout
error (End)

Fetch ACK

Send 0x00 to
shift out 1 byte
from target

Next action |«

Figure 13-20. Host reads ACK from target via SPI

( Fetch Response)

Send 0x00 to
shift out 1 byte
from target

v
Send 0x00 to
shift out 1 byte
from target

Ox5A
received?

Process NAK

Yes—p{ shift out 1 byte

Send 0x00 to

from target

«—Ye

Report an error

A
No

0xA2
received?

No

OxA1
received?

End

Write 0x00s to shift

from target

f

Yes

Payload length
less than supported
length?

out payload data [«

Write 0x00s to shift
out payload length
part from target

(2 bytes)

Write 0x00s to shift
out CRC checksum

from target
(2 bytes)

No—p

Set payload length
to maximum
supported length

Figure 13-21. Host reads response from target via SPI

13.4.3 LPUART Peripheral

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

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

Supported baud rates: The baud rate is closely related to the MCU core and system
clock frequencies. Typical baud rates supported are 9600, 19200, 38400, 57600, and
115200. Of course, to influence the performance of autobaud detection, the clock
configuration in BCA can be changed.

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

* How the host detects an ACK from the target

* How the host detects a ping response from the target

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

Wait for 1 byte
from target

Process NAK

+—Ye

Report an error

A
No

0xA2
received?

No

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

error

Figure 13-22. Host reads an ACK from target via LPUART

Wait for
ping response

Wait for 1 byte

r from target
Ox5A
received?

Wait for 1 byte

Yes from target

End

Wait for
remaining bytes
of ping response
packet

Y?zs

OxA7
received?

Report Error

Figure 13-23. Host reads a ping response from target via LPUART
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Report a timeout
error (End)
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Yes

Wait for 1 byte
from target
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received?

No

Yes—p

Waitfor payload
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End

Wait for payload
data from target

?

Yes

Set payload length
to maximum
supported length

Payload length
less than supported
length?

No-»

Waitfor CRC

checksum from
target (2 bytes)

Figure 13-24. Host reads a command response from target via LPUART

13.5 Get/SetProperty Command Properties

This section lists the properties of the GetProperty and SetProperty commands.

Table 13-35. Properties used by Get/SetProperty Commands, sorted by Value

Property Writable | Tag Value Size Descripion

CurrentVersion No 01h 4 Current bootloader version.

AvailablePeripherals No 02h 4 The set of peripherals supported on this chip.

FlashStartAddress No 03h 4 Start address of program flash.

FlashSizelnBytes No 04h 4 Size in bytes of program flash.

FlashSectorSize No 05h 4 The size in bytes of one sector of program flash.
This is the minimum erase size.

FlashBlockCount No 06h Number of blocks in the flash array.

AvailableCommands No 07h The set of commands supported by the bootloader.

VerifyWrites Yes 0Ah Controls whether the bootloader will verify writes to
flash. VerifyWrites feature is enabled by default.
0 - No verification is done.
1 - Enable verification.

MaxPacketSize No 0Bh 4 Maximum supported packet size for the currently active
peripheral interface.

Table continues on the next page...
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Table 13-35. Properties used by Get/SetProperty Commands, sorted by Value (continued)

Property Writable | Tag Value Size Descripion

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

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

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

ValidateRegions Yes 0Dh 4 Controls whether the bootloader will validate attempts
to write to memory regions (i.e., check if they are
reserved before attempting to write). ValidateRegions
feature is enabled by default.

0 - No validation is done

1 - Enable validation

RAMStartAddress No OEh 4 Start address of RAM

RAMSizelnBytes No OFh 4 Size in bytes of RAM

SystemDeviceld No 10h 4 Value of the Kinetis System Device Identification
register.

FlashSecurityState No 11h 4 Indicates whether Flash security is enabled

0 - Flash security is disabled

1 - Flash security is enabled

13.5.1 Property Definitions

Get/Set property definitions are provided in this section.

13.5.1.1 CurrentVersion Property

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

Table 13-36. Fields of CurrentVersion property:

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

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

Table 13-37. Peripheral bits:

[4] (3]
USBHID | CAN Slave

[2]
SPI Slave

[1]
12C Slave

[0]
LPUART

Bit
Peripheral

[31:7]
Reserved

[6]
USB DFU

(3]
USB CDC

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

13.5.1.3 AvailableCommands Property

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

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

mask = 1 << (tag - 1)
Table 13-38. Command bits:
Bit [31:|[16] | [15] | [14] | (18] | [(12] | [11]|[10]| [°] | [8] | [7] | [6] | [B] | [4] | [3] | [2] | [1] | [O]
17]
Command s | | | |o© -~ | |- o |o - - —
S |12 |2 (S |2 | (£ |8 |2 (2 | |f |0 |5 |2 |5 |8 |
S |8 | |8 (3 |5 |8 | |8 |8 |8 (2 |5 |8 (2|8 |2 |8
2 12 |8 |8 |8 |8 |8 3 |d |8 |2 |& |€ |8 |@ | |8
T |@ |€ (€ (€ |2 (& o C (& @ |2 |2 |2 |s |W
2 |& g |1E|E |2 |8 |8 |2
< 3 = | ¥ T
R B 3
i < o
c [0
@ o
o
13.6 Kinetis Bootloader Status Error Codes
This section describes the status error codes that the Kinetis Bootloader returns to the
host.
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Table 13-39. Kinetis Bootloader Status Error Codes, sorted by Value

Error Code Value Description
kStatus_Success 0 Operation succeeded without error.
kStatus_Fail 1 Operation failed with a generic error.
kStatus_ReadOnly 2 Requested value cannot be changed because it is read-only.
kStatus_OutOfRange 3 Requested value is out of range.
kStatus_InvalidArgument 4 The requested command's argument is undefined.
kStatus_Timeout 5 A timeout occurred.
kStatus_FlashSizeError 100 Not used.
kStatus_FlashAlignmentError 101 Address or length does not meet required alignment.
kStatus_FlashAddressError 102 Address or length is outside addressable memory.
kStatus_FlashAccessError 103 The FTFA_FSTAT[ACCERR] bit is set.
kStatus_FlashProtectionViolation 104 The FTFA_FSTAT[FPVIOL] bit is set.
kStatus_FlashCommandFailure 105 The FTFA_FSTAT[MGSTATO] bit is set.
kStatus_FlashUnknownProperty 106 Unknown Flash property.
kStatus_FlashEraseKeyError 107 The key provided does not match the programmed flash key.
kStatus_FlashRegionExecuteOnly 108 The area of flash is protected as execute only.
kStatus_I2C_SlaveTxUnderrun 200 I12C Slave TX Underrun error.
kStatus_I2C_SlaveRxOverrun 201 I12C Slave RX Overrun error.
kStatus_I2C_AribtrationLost 202 I12C Arbitration Lost error.
kStatus_SPI_SlaveTxUnderrun 300 SPI Slave TX Underrun error.
kStatus_SPI_SlaveRxOverrun 301 SPI Slave RX Overrun error.
kStatus_SPI_Timeout 302 SPI tranfser timed out.
kStatus_SPI_Busy 303 SPl instance is already busy performing a transfer.
kStatus_SPI_NoTransferlnProgress 304 Attempt to abort a transfer when no transfer was in progress.
kStatus_UnknownCommand 10000 The requested command value is undefined.
kStatus_SecurityViolation 10001 Command is disallowed because flash security is enabled.
kStatus_AbortDataPhase 10002 Abort the data phase early.
kStatus_ Ping 10003 Internal: received ping during command phase.
kStatusRomLdrSectionOverrun 10100 The loader has finished processing the SB file.
kStatusRomLdrSignature 10101 The signature of the SB file is incorrect.
kStatusRomLdrSectionLength 10102 The section length in chunks is invalid.
kStatusRomLdrUnencryptedOnly 10103 An encrypted SB file has been sent and decryption support is not

available.

kStatusRomLdrEOFReached 10104 The end of the SB file has been reached.
kStatusRomLdrChecksum 10105 The checksum of a command tag block is invalid.
kStatusRomLdrCrc32Error 10106 The CRC-32 of the data for a load command is incorrect.
kStatusRomLdrUnknownCommand 10107 An unknown command was found in the SB file.
kStatusRomLdrldNotFound 10108 There was no bootable section found in the SB file.
kStatusRomLdrDataUnderrun 10109 The SB state machine is waiting for more data.
kStatusRomLdrJumpReturned 10110 The function that was jumped to by the SB file has returned.
kStatusRomLdrCallFailed 10111 The call command in the SB file failed.

Table continues on the next page...
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Table 13-39. Kinetis Bootloader Status Error Codes, sorted by Value (continued)

Error Code Value Description

kStatusRomLdrKeyNotFound 10112 A matching key was not found in the SB file's key dictionary to
unencrypt the section.

kStatusRomLdrSecureOnly 10113 The SB file sent is unencrypted and security on the target is
enabled.

kStatusMemoryRangelnvalid 10200 Memory range conflicts with a protected region.

kStatus_UnknownProperty 10300 The requested property value is undefined.

kStatus_ReadOnlyProperty 10301 The requested property value cannot be written.

kStatus_InvalidPropertyValue 10302 The specified property value is invalid.

kStatus_AppCrcCheckPassed 10400 CRC check is valid and passed.

kStatus_AppCrcCheckFailed 10401 CRC check is valid but failed.

kStatus_AppCrcChecklnactive 10402 CRC check is inactive.

kStatus_AppCrcCheckinvalid 10403 CRC check is invalid, because the BCA is invalid or the CRC
parameters are unset (all OxFF bytes).

kStatus_AppCrcCheckOutOfRange 10404 CRC check is valid but addresses are out of range.
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Chapter 14
System Mode Controller (SMC)

14.1 Chip-specific SMC information

This device does not support VLLS2 power mode. Ignore the VLLS?2 in the following
sections.

14.2 Introduction

The System Mode Controller (SMC) is responsible for sequencing the system into and
out of all low-power Stop and Run modes.

Specifically, it monitors events to trigger transitions between power modes while
controlling the power, clocks, and memories of the system to achieve the power
consumption and functionality of that mode.

This chapter describes all the available low-power modes, the sequence followed to enter/
exit each mode, and the functionality available while in each of the modes.

The SMC is able to function during even the deepest low power modes.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the SMC.

14.3 Modes of operation
The ARM CPU has three primary modes of operation:

* Run
» Sleep
* Deep Sleep
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A
Modes of operation

The WFI or WEE instruction is used to invoke Sleep and Deep Sleep modes. Run, Wait,
and Stop are the common terms used for the primary operating modes of Freescale
microcontrollers.

The following table shows the translation between the ARM CPU modes and the
Freescale MCU power modes.

ARM CPU mode MCU mode
Sleep Wait
Deep Sleep Stop

Accordingly, the ARM CPU documentation refers to sleep and deep sleep, while the
Freescale MCU documentation normally uses wait and stop.

In addition, Freescale MCUs also augment Stop, Wait, and Run modes in a number of
ways. The power management controller (PMC) contains a run and a stop mode
regulator. Run regulation is used in normal run, wait and stop modes. Stop mode
regulation is used during all very low power and low leakage modes. During stop mode
regulation, the bus frequencies are limited in the very low power modes.

The SMC provides the user with multiple power options. The Very Low Power Run
(VLPR) mode can drastically reduce run time power when maximum bus frequency is
not required to handle the application needs. From Normal Run mode, the Run Mode
(RUNM) field can be modified to change the MCU into VLPR mode when limited
frequency is sufficient for the application. From VLPR mode, a corresponding wait
(VLPW) and stop (VLPS) mode can be entered.

Depending on the needs of the user application, a variety of stop modes are available that
allow the state retention, partial power down or full power down of certain logic and/or
memory. I/O states are held in all modes of operation. Several registers are used to
configure the various modes of operation for the device.

The following table describes the power modes available for the device.

Table 14-1. Power modes

Mode Description

RUN The MCU can be run at full speed and the internal supply is fully regulated, that is, in run regulation.
This mode is also referred to as Normal Run mode.

WAIT The core clock is gated off. The system clock continues to operate. Bus clocks, if enabled, continue
to operate. Run regulation is maintained.

STOP The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

VLPR The core, system, bus, and flash clock maximum frequencies are restricted in this mode. See the
Power Management chapter for details about the maximum allowable frequencies.

Table continues on the next page...
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Table 14-1. Power modes (continued)

Mode

Description

VLPW

The core clock is gated off. The system, bus, and flash clocks continue to operate, although their
maximum frequency is restricted. See the Power Management chapter for details on the maximum
allowable frequencies.

VLPS

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

LLS

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by reducing the voltage to internal logic. All system RAM contents, internal logic and
I/O states are retained.

VLLS3

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic. All system RAM contents are retained and 1/0
states are held. Internal logic states are not retained.

VLLS1

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained.

VLLSO

The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained. The 1kHz LPO clock is disabled and the power on reset (POR) circuit
can be optionally enabled using STOPCTRL[PORPO].

14.4 Memory map and register descriptions

Information about the registers related to the system mode controller can be found here.

Different SMC registers reset on different reset types. Each register's description provides
details. For more information about the types of reset on this chip, refer to the Reset

section details.

NOTE

The SMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

NOTE

Before executing the WFI instruction, the last register written to
must be read back. This ensures that all register writes
associated with setting up the low power mode being entered
have completed before the MCU enters the low power mode.
Failure to do this may result in the low power mode not being
entered correctly.
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SMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4007_EO00 |Power Mode Protection register (SMC_PMPROT) 8 R/W See section | 14.4.1/220
4007_EO001 |Power Mode Control register (SMC_PMCTRL) 8 R/W See section | 14.4.2/221
4007_EO002 |Stop Control Register (SMC_STOPCTRL) 8 R/W 03h 14.4.3/223
4007_EO003 |Power Mode Status register (SMC_PMSTAT) 8 R See section | 14.4.4/224

14.4.1 Power Mode Protection register (SMC_PMPROT)

This register provides protection for entry into any low-power run or stop mode. The
enabling of the low-power run or stop mode occurs by configuring the Power Mode
Control register (PMCTRL).

The PMPROT register can be written only once after any system reset.

If the MCU is configured for a disallowed or reserved power mode, the MCU remains in
its current power mode. For example, if the MCU is in normal RUN mode and AVLP is
0, an attempt to enter VLPR mode using PMCTRL[RUNM] is blocked and
PMCTRL[RUNM] remains 00b, indicating the MCU is still in Normal Run mode.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the Reset
section details for more information.

Address: 4007_EO00h base + 0Oh offset = 4007_E000h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 * 0 0 0 0 0
* Notes:

e AVLP field: When booting in run mode, the reset value is 0. When booting in VLPR mode, the reset value is 1.

SMC_PMPROT field descriptions

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

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

Field Description
5 Allow Very-Low-Power Modes
AVLP
Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
any very-low-power mode (VLPR, VLPW, and VLPS).
0 VLPR, VLPW, and VLPS are not allowed.
1 VLPR, VLPW, and VLPS are allowed.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Allow Low-Leakage Stop Mode
ALLS
Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
any low-leakage stop mode (LLS).
0 LLS s not allowed
1 LLSis allowed
2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Allow Very-Low-Leakage Stop Mode
AVLLS
Provided the appropriate control bits are set up in PMCTRL, this write once bit allows the MCU to enter
any very-low-leakage stop mode (VLLSX).
0 Any VLLSx mode is not allowed
1 Any VLLSx mode is allowed
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

14.4.2 Power Mode Control register (SMC_PMCTRL)

The PMCTRL register controls entry into low-power Run and Stop modes, provided that
the selected power mode is allowed via an appropriate setting of the protection
(PMPROT) register.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 1h offset = 4007_E001h

Bit
Read
Write

Reset

7 6 5 4 | 3 2 1 0
0 STOPA
RUNM STOPM
0 * * 0 0 0 0 0
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* Notes:
* RUNM field: When booting in run mode, the reset value is 00. When booting in VLPR mode, the reset value is 01.

SMC_PMCTRL field descriptions

Field Description
7 This field is reserved.
Reserved This bit is reserved for future expansion and should always be written zero.
6-5 Run Mode Control
RUNM

When written, causes entry into the selected run mode. Writes to this field are blocked if the protection
level has not been enabled using the PMPROT register.

NOTE: RUNM may be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

00 Normal Run mode (RUN)

01 Reserved

10 Very-Low-Power Run mode (VLPR)
11 Reserved

4 This field is reserved.

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

STOPA

When set, this read-only status bit indicates an interrupt occured during the previous stop mode entry
sequence, preventing the system from entering that mode. This field is cleared by reset or by hardware at
the beginning of any stop mode entry sequence and is set if the sequence was aborted.

0 The previous stop mode entry was successsful.
1 The previous stop mode entry was aborted.

STOPM Stop Mode Control

When written, controls entry into the selected stop mode when Sleep-Now or Sleep-On-Exit mode is
entered with SLEEPDEEP=1 . Writes to this field are blocked if the protection level has not been enabled
using the PMPROT register. After any system reset, this field is cleared by hardware on any successful
write to the PMPROT register.

NOTE: When set to VLLSx, the VLLSM field in the STOPCTRL register is used to further select the
particular VLLS submode which will be entered.

NOTE: When set to STOP, the PSTOPO bits in the STOPCTRL register can be used to select a Partial
Stop mode if desired.

000 Normal Stop (STOP)

001 Reserved

010 Very-Low-Power Stop (VLPS)
011 Low-Leakage Stop (LLS)

100 Very-Low-Leakage Stop (VLLSx)
101 Reserved

110 Reseved

111 Reserved
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14.4.3 Stop Control Register (SMC_STOPCTRL)

The STOPCTRL register provides various control bits allowing the user to fine tune
power consumption during the stop mode selected by the STOPM field.

NOTE
This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 2h offset = 4007_E002h

Bit 7 6 5 4 | 3 2 1 0
Read PSTOPO PORPO 0 LPOPO VLLSM
Write
Reset 0 0 0 0 0 0 1 1
SMC_STOPCTRL field descriptions
Field Description
7-6 Partial Stop Option
PSTOPO

These bits control whether a Partial Stop mode is entered when STOPM=STOP. When entering a Partial
Stop mode from RUN (or VLPR) mode, the PMC, MCG and flash remain fully powered, allowing the
device to wakeup almost instantaneously at the expense of higher power consumption. In PSTOP2, only
system clocks are gated allowing peripherals running on bus clock to remain fully functional. In PSTOP1,
both system and bus clocks are gated.

00 STOP - Normal Stop mode

01 PSTOP1 - Partial Stop with both system and bus clocks disabled

10 PSTOP2 - Partial Stop with system clock disabled and bus clock enabled
11 Reserved

5 POR Power Option
PORPO

This bit controls whether the POR detect circuit is enabled in VLLSO mode.

0 POR detect circuit is enabled in VLLSO
1 POR detect circuit is disabled in VLLSO

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 LPO Power Option
LPOPO

Controls whether the 1 kHz LPO clock is enabled in LLS/VLLSx modes.
NOTE: During VLLSO mode, the LPO clock is disabled by hardware and this bit has no effect.

0 LPO clock is enabled in LLS/VLLSx
1 LPO clock is disabled in LLS/VLLSXx

VLLSM VLLS Mode Control

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

Field Description
This field controls which VLLS sub-mode to enter if STOPM = VLLSx.

000 VLLSO

001 viLst
010

011

Reserved

VLLS3
100 Reserved
101 Reserved
110 Reserved
111  Reserved

14.4.4 Power Mode Status register (SMC_PMSTAT)

PMSTAT is a read-only, one-hot register which indicates the current power mode of the
system.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00h base + 3h offset = 4007_E003h

Bit 7 6 5 4 | 3 2 1 0
Read PMSTAT
Write
Reset * x * * x * * x
* Notes:

e PMSTAT field: When booting in run mode, the reset value is 0x00. When booting in VLPR mode, the reset value is 0x04.

SMC_PMSTAT field descriptions

Field Description
PMSTAT Power Mode Status

NOTE: When debug is enabled, the PMSTAT will not update to STOP or VLPS

NOTE: When a PSTOP mode is enabled, the PMSTAT will not update to STOP or VLPS

NOTE: Since the RUNM bits in the PMCTRL register are reset to VLPR on any Chip Reset not VLLS, the
PMSTAT will update to VLPR shortly after the reset sequence is complete.

0000_0001 Current power mode is RUN.
0000_0010 Current power mode is STOP.
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SMC_PMSTAT field descriptions (continued)

Field

Description

0000_0100
0000_1000
0001_0000
0010_0000
0100_0000
1000_0000

Current power mode is VLPR.

Current power mode is VLPW.

Current power mode is VLPS.
Current power mode is LLS.
Current power mode is VLLS.
Reserved

14.5 Functional description

14.5.1 Power mode transitions

The following figure shows the power mode state transitions available on the chip. Any
reset will initially bring the MCU back to the normal RUN state. However, in order to
minimize peak power consumption, the RUNM bits in the PMCTRL register can be reset
to VLPR via Flash IFR settings, causing the SMC to begin transitioning the MCU into
VLPR mode during the reset recovery sequence.
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Any RESET

10 8

9
11

Figure 14-1. Power mode state diagram

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

Table 14-2. Power mode transition triggers

Transition # From To Trigger conditions
1 RUN WAIT Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, controlled in System Control Register in ARM core.
See note.!
WAIT RUN Interrupt or Reset
2 RUN STOP PMCTRL[RUNM]=00, PMCTRL[STOPM]=000?

Table continues on the next page...
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Table 14-2. Power mode transition triggers (continued)

Transition # From To Trigger conditions

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM

core.
See note.’
STOP RUN Interrupt or Reset
3 RUN VLPR The core, system, bus and flash clock frequencies and MCG

clocking mode are restricted in this mode. See the Power
Management chapter for the maximum allowable frequencies
and MCG modes supported.

Set PMPROT[AVLP]=1, PMCTRL[RUNM]=10.

NOTE: In order to limit peak current, PMPROT[AVLP] and
PMCTRL[RUNM] bits can be set on any Reset via
Flash IFR settings, causing the SMC to transition the
MCU from RUN->VLPR during the reset recovery

sequence.
VLPR RUN Set PMCTRL[RUNM]=00 or
Reset.

4 VLPR VLPW Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, which is controlled in System Control Register in ARM
core.

See note.!
VLPW VLPR Interrupt
VLPW RUN Reset
VLPR VLPS PMCTRL[STOPM]=0003 or 010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

See note.!
VLPS VLPR Interrupt

NOTE: If VLPS was entered directly from RUN (transition
#7), hardware forces exit back to RUN and does not
allow a transition to VLPR.

7 RUN VLPS PMPROT[AVLP]=1, PMCTRL[STOPM]=010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM

core.
See note.'
VLPS RUN Interrupt and VLPS mode was entered directly from RUN or
Reset
8 RUN VLLSx PMPROT[AVLLS]=1,

PMCTRL[STOPM]=100,STOPCTRL[VLLSM]=x (VLLSXx),
Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

VLLSx RUN Wakeup from enabled LLWU input source or RESET pin

Table continues on the next page...
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Table 14-2. Power mode transition triggers (continued)

Transition #

From

To

Trigger conditions

9

VLPR

VLLSx

PMPROT[AVLLS]=1,
PMCTRL[STOPM]=100,STOPCTRL[VLLSM]=x (VLLSXx),
Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

10

RUN

LLS

PMPROT[ALLS]=1, PMCTRL[STOPM]=011, Sleep-now or
sleep-on-exit modes entered with SLEEPDEEP set, which is
controlled in System Control Register in ARM core.

LLS

RUN

Wakeup from enabled LLWU input source and LLS mode was
entered directly from RUN or

RESET pin.

11

VLPR

LLS

PMPROT[ALLS]=1, PMCTRL[STOPM]=011, Sleep-now or
sleep-on-exit modes entered with SLEEPDEEP set, which is
controlled in System Control Register in ARM core.

LLS

VLPR

Wakeup from enabled LLWU input source and LLS mode was
entered directly from VLPR

NOTE: If LLS was entered directly from RUN, hardware will
not allow this transition and will force exit back to
RUN

—_

If debug is enabled, the core clock remains to support debug.

2. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPO]=01 or 10, then only a Partial Stop mode is entered instead of STOP
3. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPO]=00, then VLPS mode is entered instead of STOP. If
PMCTRL[STOPM]=000 and STOPCTRL[PSTOPOQO]=01 or 10, then only a Partial Stop mode is entered instead of VLPS

14.5.2 Power mode entry/exit sequencing

When entering or exiting low-power modes, the system must conform to an orderly
sequence to manage transitions safely.

The SMC manages the system's entry into and exit from all power modes. This diagram
illustrates the connections of the SMC with other system components in the chip that are
necessary to sequence the system through all power modes.

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016

228

NXP Semiconductors



Chapter 14 System Mode Controller (SMC)

Low-
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14.5.2.1 Stop mode entry sequence

Flash
Memory
Module

Figure 14-2. Low-power system components and connections

Entry into a low-power stop mode (Stop, VLPS, LLS, VLLSx) is initiated by a CPU
executing the WFI instruction. After the instruction is executed, the following sequence

occurs:

1. The CPU clock is gated off immediately.

2. Requests are made to all non-CPU bus masters to enter Stop mode.

3. After all masters have acknowledged they are ready to enter Stop mode, requests are
made to all bus slaves to enter Stop mode.

4. After all slaves have acknowledged they are ready to enter Stop mode, all system and
bus clocks are gated off.

hd

Clock generators are disabled in the MCG.

6. The on-chip regulator in the PMC and internal power switches are configured to
meet the power consumption goals for the targeted low-power mode.
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14.5.2.2 Stop mode exit sequence
Exit from a low-power stop mode is initiated either by a reset or an interrupt event. The
following sequence then executes to restore the system to a run mode (RUN or VLPR):
1. The on-chip regulator in the PMC and internal power switches are restored.
2. Clock generators are enabled in the MCG.
3. System and bus clocks are enabled to all masters and slaves.
4. The CPU clock is enabled and the CPU begins servicing the reset or interrupt that
initiated the exit from the low-power stop mode.

14.5.2.3 Aborted stop mode entry

If an interrupt occurs during a stop entry sequence, the SMC can abort the transition early
and return to RUN mode without completely entering the stop mode. An aborted entry is
possible only if the interrupt occurs before the PMC begins the transition to stop mode
regulation. After this point, the interrupt is ignored until the PMC has completed its
transition to stop mode regulation. When an aborted stop mode entry sequence occurs,
SMC_PMCTRL|[STOPA] is set to 1.

14.5.2.4 Transition to wait modes

For wait modes (WAIT and VLPW), the CPU clock is gated off while all other clocking
continues, as in RUN and VLPR mode operation. Some modules that support stop-in-
wait functionality have their clocks disabled in these configurations.

14.5.2.5 Transition from stop modes to Debug mode

The debugger module supports a transition from STOP, WAIT, VLPS, and VLPW back
to a Halted state when the debugger has been enabled. As part of this transition, system
clocking is re-established and is equivalent to the normal RUN and VLPR mode clocking
configuration.

14.5.3 Run modes

The run modes supported by this device can be found here.

* Run (RUN)
* Very Low-Power Run (VLPR)
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14.5.3.1 RUN mode

This mode is selected after any reset. In order to reduce peak power consumption,
however, the SMC will begin transitioning the MCU into VLPR mode during the reset
recovery sequence. When the ARM processor exits reset, it sets up the stack, program
counter (PC), and link register (LR):

* The processor reads the start SP (SP_main) from vector-table offset 0x000
* The processor reads the start PC from vector-table offset 0x004
* LR is set to OxFFFF_FFFF.

To reduce power in this mode, disable the clocks to unused modules using their
corresponding clock gating control bits in the SIM's registers.

14.5.3.2 Very-Low Power Run (VLPR) mode

In VLPR mode, the on-chip voltage regulator is put into a stop mode regulation state. In
this state, the regulator is designed to supply enough current to the MCU over a reduced
frequency. To further reduce power in this mode, disable the clocks to unused modules
using their corresponding clock gating control bits in the SIM's registers.

Before entering this mode, the following conditions must be met:

* The MCG must be configured in a mode which is supported during VLPR. See the
Power Management details for information about these MCG modes.

* All clock monitors in the MCG must be disabled.

* The maximum frequencies of the system, bus, flash, and core are restricted. See the
Power Management details about which frequencies are supported.

* Mode protection must be set to allow VLP modes, that is, PMPROT[AVLP] is 1.

e PMCTRL[RUNM] must be set to 10b to enter VLPR.

* Flash programming/erasing is not allowed.

NOTE
Do not increase the clock frequency while in VLPR mode,
because the regulator is slow in responding and cannot manage
fast load transitions. In addition, do not modify the clock source
in the MCG module or any clock divider registers. Module
clock enables in the SIM can be set, however should only be
cleared one at a time to limit load transitions.
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To reenter Normal Run mode, clear PMCTRL[RUNM]. PMSTAT is a read-only status
register that can be used to determine when the system has completed an exit to RUN
mode. When PMSTAT=RUN, the system is in run regulation and the MCU can run at
full speed in any clock mode. If a higher execution frequency is desired, poll PMSTAT
until it is set to RUN when returning from VLPR mode.

Any reset will initially cause the device to exit to RUN mode, however Flash IFR settings
can be used to return the part to VLPR during the MCU reset flow.

14.5.4 Wait modes

This device contains two different wait modes which are listed here.

* Wait
* Very-Low Power Wait (VLPW)

14.5.4.1 WAIT mode

WAIT mode is entered when the ARM core enters the Sleep-Now or Sleep-On-Exit
modes while SLEEDEEP is cleared. The ARM CPU enters a low-power state in which it
1s not clocked, but peripherals continue to be clocked provided they are enabled. Clock
gating to the peripheral is enabled via the SIM module.

When an interrupt request occurs, the CPU exits WAIT mode and resumes processing in
RUN mode, beginning with the stacking operations leading to the interrupt service
routine.

A system reset will cause an exit from WAIT mode, temporarily returning the device to
RUN mode before transitioning into VLPR during the MCU reset flow.

14.5.4.2 Very-Low-Power Wait (VLPW) mode

VLPW is entered by the entering the Sleep-Now or Sleep-On-Exit mode while
SLEEPDEEP is cleared and the MCU is in VLPR mode.

In VLPW, the on-chip voltage regulator remains in its stop regulation state. In this state,
the regulator is designed to supply enough current to the MCU over a reduced frequency.
To further reduce power in this mode, disable the clocks to unused modules by clearing
the peripherals' corresponding clock gating control bits in the SIM.

VLPR mode restrictions also apply to VLPW.
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When an interrupt from VLPW occurs, the device returns to VLPR mode to execute the
interrupt service routine.

A system reset will cause an exit from VLPW mode, temporarily returning the device to
RUN mode before transitioning into VLPR during the MCU reset flow.

14.5.5 Stop modes

This device contains a variety of stop modes to meet your application needs.
The stop modes range from:

* a stopped CPU, with all I/O, logic, and memory states retained, and certain
asynchronous mode peripherals operating

to:

* a powered down CPU, with only I/O and a small register file retained, very few
asynchronous mode peripherals operating, while the remainder of the MCU is
powered down.

The choice of stop mode depends upon the user's application, and how power usage and
state retention versus functional needs and recovery time may be traded off.

NOTE
All clock monitors must be disabled before entering these low-
power modes: Stop, VLPS, VLPR, VLPW, LLSand VLLSx.

The various stop modes are selected by setting the appropriate fields in PMPROT and
PMCTRL. The selected stop mode is entered during the sleep-now or sleep-on-exit entry
with the SLEEPDEERP bit set in the System Control Register in the ARM core.

The available stop modes are:

* Normal Stop (STOP)

* Very-Low Power Stop (VLPS)

* Low-Leakage Stop (LLS)

e Very-Low-Leakage Stop (VLLSX)

14.5.5.1 STOP mode

STOP mode is entered via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in
the System Control Register in the ARM core.

The MCG module can be configured to leave the reference clocks running.
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A module capable of providing an asynchronous interrupt to the device takes the device
out of STOP mode and returns the device to normal RUN mode. Refer to the device's
Power Management chapter for peripheral, I/O, and memory operation in STOP mode.
When an interrupt request occurs, the CPU exits STOP mode and resumes processing,
beginning with the stacking operations leading to the interrupt service routine.

A system reset will cause an exit from STOP mode, temporarily returning the device to
RUN mode before transitioning into VLPR during the MCU reset flow.

14.5.5.2 Very-Low-Power Stop (VLPS) mode
The two ways in which VLPS mode can be entered are listed here.

* Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in VLPR mode and
PMCTRL[STOPM] = 010 or 000.

* Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in normal RUN mode
and PMCTRL[STOPM] = 010. When VLPS is entered directly from RUN mode, exit
to VLPR is disabled by hardware and the system will always exit back to RUN.

In VLPS, the on-chip voltage regulator remains in its stop regulation state as in VLPR.

A module capable of providing an asynchronous interrupt to the device takes the device
out of VLPS and returns the device to VLPR mode.

A system reset will cause an exit from VLPS mode, temporarily returning the device to
RUN mode before transitioning into VLPR during the MCU reset flow.

14.5.5.3 Low-Leakage Stop (LLS) mode
Low-Leakage Stop (LLS) mode can be entered from normal RUN or VLPR modes.

The MCU enters LLS mode if:
¢ In Sleep-Now or Sleep-On-Exit mode, SLEEPDEERP is set in the System Control
Register in the ARM core, and
* The device is configured as shown in Table 14-2.

In LLS, the on-chip voltage regulator is in stop regulation. Most of the peripherals are put
in a state-retention mode that does not allow them to operate while in LLS.
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Before entering LLS mode, the user should configure the Low-Leakage Wake-up
(LLWU) module to enable the desired wake-up sources. The available wake-up sources
in LLS are detailed in the chip configuration details for this device.

After wakeup from LLS, the device returns to the run mode from which LLS was entered
(either normal RUN or VLPR) with a pending LLWU module interrupt. If LLS was
entered from VLPR mode, then the MCU will begin VLPR entry shortly after wake-up.
In the LLWU interrupt service routine (ISR), the user can poll the LLWU module wake-
up flags to determine the source of the wakeup.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit Stop mode on an LLS recovery.

An asserted RESET pin will cause an exit from LLS mode, temporarily returning the
device to normal RUN mode before transitioning into VLPR during the MCU reset flow.
When LLS is exiting via the RESET pin, RCM_SRSO[PIN] and RCM_SRSO[WAKEUP]
are set.

14.5.5.4 Very-Low-Leakage Stop (VLLSx) modes
This device contains these very low leakage modes:

* VLLS3
 VLLSI1
e VLLSO

VLLSx is often used in this document to refer to all of these modes.
All VLLSx modes can be entered from normal RUN or VLPR modes.

The MCU enters the configured VLLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, the SLEEPDEEP bit is set in the System
Control Register in the ARM core, and
* The device is configured as shown in Table 14-2.

In VLLS, the on-chip voltage regulator is in its stop-regulation state while most digital
logic is powered off.

Before entering VLLS mode, the user should configure the Low-Leakage Wake-up
(LLWU) module to enable the desired wakeup sources. The available wake-up sources in
VLLS are detailed in the chip configuration details for this device.
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After wakeup from VLLS, the device returns to normal RUN mode with a pending
LLWU interrupt. If VLLS was entered from VLPR mode, then the MCU will begin
VLPR entry shortly after wakeup. In the LLWU interrupt service routine (ISR), the user
can poll the LLWU module wake-up flags to determine the source of the wake-up.

When entering VLLS, each I/0 pin is latched as configured before executing VLLS.
Because all digital logic in the MCU is powered off, all port and peripheral data is lost
during VLLS. This information must be restored before PMC_REGSC[ACKISO] is set.

An asserted RESET pin will cause an exit from any VLLS mode, temporarily returning
the device to normal RUN mode before transitioning into VLPR during the MCU reset
flow. When exiting VLLS via the RESET pin, RCM_SRSO[PIN] and
RCM_SRSO[WAKEUP] are set.

14.5.6 Debug in low power modes

When the MCU is secure, the device disables/limits debugger operation. When the MCU
1s unsecure, the ARM debugger can assert two power-up request signals:

* System power up, via SYSPWR in the Debug Port Control/Stat register
* Debug power up, via CDBGPWRUPREQ in the Debug Port Control/Stat register

When asserted while in RUN, WAIT, VLPR, or VLPW, the mode controller drives a
corresponding acknowledge for each signal, that is, both CDBGPWRUPACK and
CSYSPWRUPACK. When both requests are asserted, the mode controller handles
attempts to enter STOP and VLPS by entering an emulated stop state. In this emulated
stop state:

the regulator is in run regulation,

the MCG-generated clock source is enabled,

all system clocks, except the core clock, are disabled,
the debug module has access to core registers, and

* access to the on-chip peripherals is blocked.

No debug is available while the MCU is in LLS or VLLS modes. LLS is a state-retention
mode and all debug operation can continue after waking from LLS, even in cases where
system wakeup is due to a system reset event.

Entering into a VLLS mode causes all of the debug controls and settings to be powered
off. To give time to the debugger to sync with the MCU, the MDM AP Control Register
includes a Very-Low-Leakage Debug Request (VLLDBGREQ) bit that is set to configure
the Reset Controller logic to hold the system in reset after the next recovery from a VLLS
mode. This bit allows the debugger time to reinitialize the debug module before the
debug session continues.
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The MDM AP Control Register also includes a Very Low Leakage Debug Acknowledge
(VLLDBGACK) bit that is set to release the ARM core being held in reset following a
VLLS recovery. The debugger reinitializes all debug IP, and then asserts the
VLLDBGACK control bit to allow the RCM to release the ARM core from reset and
allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger (or can be left set as is) or clears
automatically due to the reset generated as part of the next VLLS recovery.
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Chapter 15
Power Management Controller (PMC)

15.1 Introduction

The power management controller (PMC) contains the internal voltage regulator, power
on reset (POR), low voltage detect system (LVD), and high voltage detect system (HVD).

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the PMC.

15.2 Features
A list of included PMC features can be found here.

* Internal voltage regulator

» Active POR providing brown-out detect

* Low-voltage detect supporting two low-voltage trip points with four warning levels
per trip point

15.3 Low-voltage detect (LVD) system

This device includes a system to guard against low-voltage conditions. This protects
memory contents and controls MCU system states during supply voltage variations.

The system is comprised of a power-on reset (POR) circuit and a LVD circuit with a
user-selectable trip voltage: high (Vi yppn) or low (Vi ypL). The trip voltage is selected by
LVDSCI[LVDV]. The LVD is disabled upon entering VLPx, LLS, and VLLSx modes.

Two flags are available to indicate the status of the low-voltage detect system:

e The Low Voltage Detect Flag in the Low Voltage Status and Control 1 Register
(LVDSCI1[LVDF]) operates in a level sensitive manner. LVDSCI[LVDF] is set
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Low-voltage detect (LVD) system
when the supply voltage falls below the selected trip point (VLVD).
LVDSCI[LVDF] is cleared by writing 1 to LVDSCI[LVDACK], but only if the
internal supply has returned above the trip point; otherwise, LVDSCI1[LVDF]
remains set.

* The Low Voltage Warning Flag (LVWF) in the Low Voltage Status and Control 2
Register (LVDSC2[LVWF]) operates in a level sensitive manner. LVDSC2[LVWF]
is set when the supply voltage falls below the selected monitor trip point (VLVW).
LVDSC2[LVWF] is cleared by writing one to LVDSC2[LVWACK], but only if the
internal supply has returned above the trip point; otherwise, LVDSC2[LVWF]
remains set.

15.3.1 LVD reset operation

By setting LVDSCI[LVDRE], the LVD generates a reset upon detection of a low-voltage
condition. The low-voltage detection threshold is determined by LVDSCI1[LVDV]. After
an LVD reset occurs, the LVD system holds the MCU in reset until the supply voltage
rises above this threshold. The LVD field in the SRS register of the RCM module
(RCM_SRS[LVD])) is set following an LVD or power-on reset.

15.3.2 LVD interrupt operation

By configuring the LVD circuit for interrupt operation (LVDSCI1[LVDIE] set and
LVDSCI[LVDRE] clear), LVDSCI1[LVDF] is set and an LVD interrupt request occurs
upon detection of a low voltage condition. LVDSC1[LVDF] is cleared by writing 1 to
LVDSCI[LVDACK].

15.3.3 Low-voltage warning (LVW) interrupt operation

The LVD system contains a Low-Voltage Warning Flag (LVWF) in the Low Voltage
Detect Status and Control 2 Register to indicate that the supply voltage is approaching,
but is above, the LVD voltage. The LVW also has an interrupt, which is enabled by
setting LVDSC2[LVWIE]. If enabled, an LVW interrupt request occurs when
LVDSC2[LVWF] is set. LVDSC2[LVWF] is cleared by writing 1 to
LVDSC2[LVWACK].

LVDSC2[LVWYV] selects one of the four trip voltages:

d Highest: Vva4
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* Two mid-levels: Vi yw3s and Viyw»
* Lowest: VLywi

15.4 1/O retention
When in LLS mode, the I/O pins are held in their input or output state.

Upon wakeup, the PMC is re-enabled, goes through a power up sequence to full
regulation, and releases the logic from state retention mode. The I/O are released
immediately after a wake-up or reset event. In the case of LLS exit via a RESET pin, the
I/O default to their reset state.

When in VLLS modes, the I/O states are held on a wake-up event (with the exception of
wake-up by reset event) until the wake-up has been acknowledged via a write to
REGSC[ACKISQ]. In the case of VLLS exit via a RESET pin, the I/O are released and
default to their reset state. In this case, no write to REGSC[ACKISO] is needed.

15.5 Memory map and register descriptions
Details about the PMC registers can be found here.

NOTE
Different portions of PMC registers are reset only by particular
reset types. Each register's description provides details. For
more information about the types of reset on this chip, refer to
the Reset section details.

The PMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

eIror.
PMC memory map
Absolute . .
address Register name (ivr‘lhlgittg) Access | Reset value Sec;tu;n/
(hex) pag
Low Voltage Detect Status And Control 1 register
4007_D000 (PMC_LVDSC1) 8 R/W 10h 15.5.1/242
Low Voltage Detect Status And Control 2 register
4007_D001 (PMC_LVDSC2) 8 R/W 00h 15.5.2/243
4007_D002 |Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 15.5.3/244

KL17 Sub-Family Reference Manual, Rev. 4.1, 07/2016
NXP Semiconductors 241




Memory map and register descriptions

15.5.1 Low Voltage Detect Status And Control 1 register
(PMC_LVDSC1)

This register contains status and control bits to support the low voltage detect function.
This register should be written during the reset initialization program to set the desired
controls even if the desired settings are the same as the reset settings.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSCI settings. To protect systems that must have LVD always
on, configure the Power Mode Protection (PMPROT) register of the SMC module
(SMC_PMPROT) to disallow any very low power or low leakage modes from being
enabled.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVDV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
section details.

Address: 4007_DO000h base + 0Oh offset = 4007_D000h

Bit 7 6 5 4 | 3 2 1 0

Read LVDF 0
LVDIE LVDRE LVDV
Write LVDACK
Reset 0 0 0 1 0 0 0 0
PMC_LVDSC1 field descriptions
Field Description
7 Low-Voltage Detect Flag

LVDF

This read-only status field indicates a low-voltage detect event.

0 Low-voltage event not detected
1 Low-voltage event detected

6 Low-Voltage Detect Acknowledge

LVDACK
This write-only field is used to acknowledge low voltage detection errors. Write 1 to clear LVDF. Reads

always return 0.

5 Low-Voltage Detect Interrupt Enable
LVDIE
Enables hardware interrupt requests for LVDF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVDF = 1

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description

4 Low-Voltage Detect Reset Enable
LVDRE
This write-once bit enables LVDF events to generate a hardware reset. Additional writes are ignored.

0 LVDF does not generate hardware resets
1 Force an MCU reset when LVDF =1

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
LVDV Low-Voltage Detect Voltage Select

Selects the LVD trip point voltage (V Lyp ).

00 Low trip point selected (V Lvp =V LvpL )
01 High trip point selected (V .vp =V LvDH )
10 Reserved
11 Reserved

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

This register contains status and control bits to support the low voltage warning function.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSC?2 settings.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVW trip voltages depend on LVWYV and LVDV.

NOTE
LVWYV is reset solely on a POR Only event. The other fields of
the register are reset on Chip Reset Not VLLS. For more
information about these reset types, refer to the Reset section
details.

Address: 4007_DO000h base + 1h offset = 4007_D001h

Bit 7 6 5 4 | 3 2 1 0
Read LVWF 0
LVWIE LVWV
Write LVWACK
Reset 0 0 0 0 0 0 0 0
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PMC_LVDSC2 field descriptions

Field Description

7 Low-Voltage Warning Flag
LVWF
This read-only status field indicates a low-voltage warning event. LVWF is set when Vg, transitions
below the trip point, or after reset and Vgppyy is already below V| yw. LVWF may be 1 after power-on reset,
therefore, to use LVW interrupt function, before enabling LVWIE, LVWF must be cleared by writing
LVWACK first.

0 Low-voltage warning event not detected
1 Low-voltage warning event detected

6 Low-Voltage Warning Acknowledge

LVWACK
This write-only field is used to acknowledge low voltage warning errors. Write 1 to clear LVWF. Reads

always return 0.

5 Low-Voltage Warning Interrupt Enable

LVWIE
Enables hardware interrupt requests for LVWF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVWF = 1

4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
LVWV Low-Voltage Warning Voltage Select

Selects the LVW trip point voltage (V_yw). The actual voltage for the warning depends on LVDSC1[LVDV].

00 Low trip point selected (Vi yw = Vivwi1)
01 Mid 1 trip point selected (V yw = ViLyw2)
10 Mid 2 trip point selected (V yw = Vivywa)
11 High trip point selected (Vi yw = Vivwa)

15.5.3 Regulator Status And Control register (PMC_REGSC)

The PMC contains an internal voltage regulator. The voltage regulator design uses a
bandgap reference that is also available through a buffer as input to certain internal
peripherals, such as the CMP and ADC. The internal regulator provides a status bit
(REGONYS) indicating the regulator is in run regulation.

NOTE
This register is reset on Chip Reset Not VLLS and by reset
types that trigger Chip Reset not VLLS. See the Reset section
details for more information.
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Address: 4007_DO000h base + 2h offset = 4007_D002h

Bit 6 5 4 3 2 1 0
Read 0 ACKISO REGONS
VLPO Reserved BGEN Reserved BGBE
Write wic
Reset 0 0 0 0 0 0 0
PMC_REGSC field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 VLPx Option
VLPO
When used in conjunction with BGEN, this bit allows additional clock sources and higher frequency
operation (at the cost of higher power) to be selected during VLPx modes.
0 Operating frequencies and MCG clocking modes are restricted during VLPx modes as listed in the
Power Management chapter.
1 If BGEN is also set, operating frequencies and MCG clocking modes are unrestricted during VLPx
modes. Note that flash access frequency is still restricted however.
5 This field is reserved.
Reserved
4 Bandgap Enable In VLPx Operation
BGEN
BGEN controls whether the bandgap is enabled in lower power modes of operation (VLPx, LLS, and
VLLSx). When on-chip peripherals require the bandgap voltage reference in low power modes of
operation, set BGEN to continue to enable the bandgap operation.
NOTE: When the bandgap voltage reference is not needed in low power modes, clear BGEN to avoid
excess power consumption.
0 Bandgap voltage reference is disabled in VLPx , LLS , and VLLSx modes.
1 Bandgap voltage reference is enabled in VLPx , LLS , and VLLSx modes.
3 Acknowledge Isolation
ACKISO
Reading this field indicates whether certain peripherals and the 1/0O pads are in a latched state as a result
of having been in a VLLS mode. Writing 1 to this field when it is set releases the 1/O pads and certain
peripherals to their normal run mode state.
NOTE: After recovering from a VLLS mode, user should restore chip configuration before clearing
ACKISO. In particular, pin configuration for enabled LLWU wakeup pins should be restored to
avoid any LLWU flag from being falsely set when ACKISO is cleared.
0 Peripherals and I/O pads are in normal run state.
1 Certain peripherals and I/0 pads are in an isolated and latched state.
2 Regulator In Run Regulation Status
REGONS
This read-only field provides the current status of the internal voltage regulator.
0 Regulator is in stop regulation or in transition to/from it
1 Regulator is in run regulation
1 This field is reserved.
Reserved

NOTE: This reserved bit must remain cleared (set to 0).

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

Field Description

0 Bandgap Buffer Enable
BGBE
Enables the bandgap buffer.

0 Bandgap buffer not enabled
1 Bandgap buffer enabled
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Crossbar Switch Lite (AXBS-Lite)

16.1 Chip-specific AXBS-Lite information

16.1.1 Crossbar-light switch master assignments

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

Master module Master port number

ARM core unified bus
DMA

16.1.2 Crossbar switch slave assignments
This device contains 3 slaves connected to the crossbar switch.

The slave assignment is as follows:

Slave module Slave port number
Flash memory controller 0
SRAM controller
Peripheral bridge 0 2

16.2 Introduction

The information found here provides information on the layout, configuration, and
programming of the crossbar switch.
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The crossbar switch connects bus masters and bus slaves using a crossbar switch
structure. This structure allows up to four bus masters to access different bus slaves
simultaneously, while providing arbitration among the bus masters when they access the
same slave.

16.2.1 Features
The crossbar switch includes these features:
e Symmetric crossbar bus switch implementation
» Allows concurrent accesses from different masters to different slaves
 32-bit data bus
* Operation at a 1-to-1 clock frequency with the bus masters

* Programmable configuration for fixed-priority or round-robin slave port arbitration
(see the chip-specific information).

16.3 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.

Please see the chip-specific information for information on whether the arbitration
method in the crossbar switch is programmable, and by which module.

16.4 Functional Description

16.4.1 General operation

When a master accesses the crossbar switch, the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.
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Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.

A master is given control of the targeted slave port only after a previous access to a
different slave port completes, regardless of its priority on the newly targeted slave port.
This prevents deadlock from occurring when:

* A higher priority master has:
* An outstanding request to one slave port that has a long response time and
A pending access to a different slave port, and
A lower priority master is also making a request to the same slave port as the pending
access of the higher priority master.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.

The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.

When a slave bus, other than the flash (if present), is being idled by the crossbar, it
remains parked with the last master to use the slave port. This is done to save the initial
clock of arbitration delay that otherwise would be seen if the same master had to arbitrate
to gain control of the slave port.

If present, the flash slave port parks on the CPU master whenever there is an idle flash
slave port cycle. This is done to save the CPU the initial clock of arbitration delay that
would be seen if the CPU had to gain control of the flash slave port.
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Peripheral Bridge (AIPS-Lite)

17.1 Chip-specific AIPS-Lite information

17.1.1 Number of peripheral bridges

This device contains one peripheral bridge.

17.1.2 Memory maps

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

17.2 Introduction

The peripheral bridge converts the crossbar switch interface to an interface that can
access most of the slave peripherals on this chip.

The peripheral bridge occupies 64 MB of the address space, which is divided into
peripheral slots of 4 KB. (It might be possible that all the peripheral slots are not used.
See the memory map chapter for details on slot assignments.) The bridge includes
separate clock enable inputs for each of the slots to accommodate slower peripherals.

17.2.1 Features

Key features of the peripheral bridge are:
* Supports peripheral slots with 8-, 16-, and 32-bit datapath width
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17.2.2 General operation

The slave devices connected to the peripheral bridge are modules which contain a
programming model of control and status registers. The system masters read and write
these registers through the peripheral bridge. The peripheral bridge performs a bus
protocol conversion of the master transactions and generates the following as inputs to
the peripherals:

* Module enables

* Module addresses

 Transfer attributes

* Byte enables

* Write data

The peripheral bridge selects and captures read data from the peripheral interface and
returns it to the crossbar switch.

The register maps of the peripherals are located on 4-KB boundaries. Each peripheral is
allocated one or more 4-KB block(s) of the memory map. Two global external module
enables are available for the remaining address space to allow for customization and
expansion of addressed peripheral devices.

The AIPS-Lite module uses the data width of accessed peripheral to perform proper data
byte lane routing; bus decomposition (bus sizing) is performed when the access size is
larger than the peripheral's data width.

17.3 Functional description

The peripheral bridge functions as a bus protocol translator between the crossbar switch
and the slave peripheral bus.

The peripheral bridge manages all transactions destined for the attached slave devices and
generates select signals for modules on the peripheral bus by decoding accesses within
the attached address space.

17.3.1 Access support

All combinations of access size and peripheral data port width are supported. An access
that is larger than the target peripheral's data width will be decomposed to multiple,
smaller accesses. Bus decomposition is terminated by a transfer error caused by an access
to an empty register area.
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Chapter 18
Low-Leakage Wakeup Unit (LLWU)

18.1 Chip-specific LLWU information

This device uses the 8 external wakeup pin inputs and 4 internal modules as wakeup
sources to the LLWU module.

18.1.1 LLWU interrupt
The interrupt requests of external sources and internal peripherals are used in wakeup.

NOTE
Do not mask the LLWU interrupt when in LLS/VLLSx mode.
Masking the interrupt prevents the device from exiting stop
mode when a wakeup is detected.

18.1.2 Wake-up Sources

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

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

Table 18-1. Wakeup Source

LLWU pin Module source or pin name
LLWU_P5 PTBO
LLWU_P6 PTCA

Table continues on the next page...
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Table 18-1. Wakeup Source (continued)

LLWU pin Module source or pin name
LLWU_P7 PTC3
LLWU_P8 PTC4
LLWU_P9 PTC5
LLWU_P10 PTC6
LLWU_P14 PTD4
LLWU_P15 PTD6
LLWU_MOIF LPTMRO
LLWU_M1IF CMPO
LLWU_M2IF Reserved
LLWU_MBSIF Reserved
LLWU_M4IF Reserved
LLWU_M5IF RTC Alarm
LLWU_M6IF Reserved
LLWU_M7IF RTC Seconds

18.2 Introduction

The LLWU module allows the user to select up to 16 external pins and up to 8 internal
modules as interrupt wake-up sources from low-leakage power modes.

The input sources are described in the device's chip configuration details. Each of the
available wake-up sources can be individually enabled.

The RESET pin is an additional source for triggering an exit from low-leakage power
modes, and causes the MCU to exit both LLS and VLLS through a reset flow.

The LLWU module also includes two optional digital pin filters for the external wakeup
pins.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the LLWU.

18.2.1 Features
The LLWU module features include:

* Support for up to 16 external input pins and up to 8 internal modules with individual
enable bits for MCU interrupt from low leakage modes
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)
* Input sources may be external pins or from internal peripherals capable of running in
LLS or VLLS. See the chip configuration information for wakeup input sources for
this device.
 External pin wake-up inputs, each of which is programmable as falling-edge, rising-
edge, or any change
* Wake-up inputs that are activated after MCU enters a low-leakage power mode
 Optional digital filters provided to qualify an external pin detect. Note that when the
LPO clock is disabled, the filters are disabled and bypassed.

18.2.2 Modes of operation

The LLWU module becomes functional on entry into a low-leakage power mode. After
recovery from LLS, the LLWU is immediately disabled. After recovery from VLLS, the

LLWU continues to detect wake-up events until the user has acknowledged the wake-up
via a write to PMC_REGSC[ACKISO].

18.2.2.1 LLS mode

Wake-up events due to external pin inputs (LLWU_Px) and internal module interrupt
inputs (LLWU_MKXIF) result in an interrupt flow when exiting LLS.

NOTE
The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit Stop mode on an LLS recovery.

18.2.2.2 VLLS modes

All wakeup and reset events result in VLLS exit via a reset flow.

18.2.2.3 Non-low leakage modes

The LLWU is not active in all non-low leakage modes where detection and control logic
are in a static state. The LLWU registers are accessible in non-low leakage modes and are
available for configuring and reading status when bus transactions are possible.

When the wake-up pin filters are enabled, filter operation begins immediately. If a low
leakage mode 1s entered within five LPO clock cycles of an active edge, the edge event
will be detected by the LLWU.
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18.2.2.4 Debug mode

When the chip is in Debug mode and then enters LLS or a VLLSx mode, no debug logic

works in the fully-functional low-leakage mode. Upon an exit from the LLS or VLLSx
mode, the LLWU becomes inactive.

18.2.3 Block diagram
The following figure is the block diagram for the LLWU module.

enter low leakge mode

WUME7 ¢
Module7 interrupt flag ——|  Interrupt module LLWU_MWUF7 occurred >
(LLWU_MTIF) flag detect
Internal
) [ [ ) module
° [ [ sources
Interrupt module LLWU_MWUFO occurred
Module0 interrupt flag ——  flag detect >
(LLWU_MOIF)
FILT1[FILTSEL] WUMEO
LPO FILT1[FILTE]
-
LLWU_P15 7 Pin filter 1
o wakeup
[ ; e Edge |occurred
° o > Synchronizer =3 Pin filter 1 |- detect LLWU
— controller
-
LLWU_PO - LPO FILT2[FILTE] ,
- o [—> exit low leakge mode
1 Pin filter 2
o wakeup
° > Synchronizer 3 Pin filter 2 > Esiit occurred —> interrupt flow
> WUPE15 —> reset flow
VZ
FILT2[FILTSEL]
LLWU_P15
« | Edge wakeup occurred -~
1 detect -
o o
[ [ External
LLWU_PO pin sources
| Edge wakeup occurred >
“7]  detect
A,
WUPEO

Figure 18-1. LLWU block diagram
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)

18.3 LLWU signal descriptions

The signal properties of LLWU are shown in the table found here.

The external

wakeup input pins can be enabled to detect either rising-edge, falling-edge,

or on any change.

Table 18-2. LLWU signal descriptions

Signal Description /0
LLWU_Pn Wakeup inputs (n = 0-15) |
18.4 Memory map/register definition

The LLWU includes the following registers:

* Wake-up source enable registers
* Enable external pin input sources
* Enable internal peripheral interrupt sources
* Wake-up flag registers
* Indication of wakeup source that caused exit from a low-leakage power mode
includes external pin or internal module interrupt
* Wake-up pin filter enable registers

NOTE
The LLWU registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

All LLWU registers are reset by Chip Reset not VLLS and by
reset types that trigger Chip Reset not VLLS. Each register's
displayed reset value represents this subset of reset types.
LLWU registers are unaffected by reset types that do not trigger
Chip Reset not VLLS. For more information about the types of
reset on this chip, refer to the Introduction details.
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LLWU memory map

Absolute . .
address Register name (i":I:itt:) Access | Reset value Sec;tlc;nl
(hex) pag
4007_C000 |LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 18.4.1/258
4007_C001 |LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 18.4.2/259
4007_C002 |LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 18.4.3/260
4007_C003 |LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 18.4.4/261
4007_C004 |LLWU Module Enable register (LLWU_ME) 8 R/W 00h 18.4.5/262
4007_CO005 |LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 18.4.6/264
4007_C006 |LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 18.4.7/266
4007_CO007 |LLWU Flag 3 register (LLWU_F3) 8 R 00h 18.4.8/267
4007_CO008 |LLWU Pin Filter 1 register (LLWU_FILTT) 8 R/W 00h 18.4.9/269
4007_CO009 |LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 18.4.10/270

18.4.1 LLWU Pin Enable 1 register (LLWU_PE1)
LLWU_PEI contains the field to enable and select the edge detect type for the external

wakeup input pins LLWU_P3-LLWU_PO.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 0Oh offset = 4007_C000h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE3 WUPE2 WUPEH1 WUPEO
Reset 0 0 0 0 0 0 0 0
LLWU_PE1 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P3
WUPE3
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
5-4 Wakeup Pin Enable For LLWU_P2
WUPE2

Enables and configures the edge detection for the wakeup pin.

Table continues on the next page...
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)
LLWU_PEH1 field descriptions (continued)

Field

Description

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2
WUPEA1

Wakeup Pin Enable For LLWU_P1
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPEO

Wakeup Pin Enable For LLWU_PO
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

18.4.2 LLWU Pin Enable 2 register (LLWU_PE?2)

LLWU_PE2 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P7-LLWU_P4.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 1h offset = 4007_C001h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE?7 WUPE6 WUPES5 WUPE4
Reset 0 0 0 0 0 0 0 0
LLWU_PE2 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P7
WUPE7

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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LLWU_PEZ2 field descriptions (continued)

Field Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4 Wakeup Pin Enable For LLWU_P6
WUPEG6

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2 Wakeup Pin Enable For LLWU_P5
WUPE5

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPE4 Wakeup Pin Enable For LLWU_P4

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

18.4.3 LLWU Pin Enable 3 register (LLWU_PE3)

LLWU_PES3 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P11-LLWU_PS.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 2h offset = 4007_C002h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE11 WUPE10 WUPE9 WUPES8
Reset 0 0 0 0 0 0 0 0
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)
LLWU_PES field descriptions

Field

Description

7-6
WUPE11

Wakeup Pin Enable For LLWU_P11
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

54
WUPE10

Wakeup Pin Enable For LLWU_P10
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2
WUPE9

Wakeup Pin Enable For LLWU_P9
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPES8

Wakeup Pin Enable For LLWU_P8
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

18.4.4 LLWU Pin Enable 4 register (LLWU_PE4)

LLWU_PEA4 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P15-LLWU_P12.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.
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Address: 4007_C000h base + 3h offset = 4007_C003h

Bit 7 6 5 4 3 2 1 0
aﬁﬁg WUPE15 WUPE14 WUPE13 WUPE12
Reset 0 0 0 0 0 0 0 0

LLWU_PE4 field descriptions

Field Description

7-6 Wakeup Pin Enable For LLWU_P15
WUPE15

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4 Wakeup Pin Enable For LLWU_P14
WUPE14

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2 Wakeup Pin Enable For LLWU_P13
WUPE13

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

WUPE12 Wakeup Pin Enable For LLWU_P12

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

18.4.5 LLWU Module Enable register (LLWU_ME)

LLWU_ME contains the bits to enable the internal module flag as a wakeup input source
for inputs MWUF7-MWUFO.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
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types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 4h offset = 4007_C004h

Bit 7 6 5 4 3 2 1 0
s\ﬁﬁg WUME7 WUMES6 WUMES5 WUME4 WUME3 WUME2 WUMEA1 WUMEO
Reset 0 0 0 0 0 0 0 0

LLWU_ME field descriptions
Field Description
7 Wakeup Module Enable For Module 7
WUME7?7

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

6 Wakeup Module Enable For Module 6
WUME6

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

5 Wakeup Module Enable For Module 5
WUMES

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

4 Wakeup Module Enable For Module 4
WUME4

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

3 Wakeup Module Enable For Module 3
WUME3

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

2 Wakeup Module Enable For Module 2
WUME2

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

1 Wakeup Module Enable for Module 1
WUMEH1

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

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

Field

Description

WUMEO

Wakeup Module Enable For Module 0

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

18.4.6 LLWU Flag 1 register (LLWU_F1)

LLWU_F]1 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFx), if set, will remain set if
the associated WUPEX bit is cleared.

NOTE
This register is reset on Chip Reset not VLLS and by reset

types that trigger Chip Reset not VLLS. It is unaffected by reset

types that do not trigger Chip Reset not VLLS. See the

Introduction details for more information.

Address: 4007_C000h base + 5h offset = 4007_C005h

Bit 7 6 5 4 3 2 1 0
Read WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUFO0
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F1 field descriptions
Field Description
7 Wakeup Flag For LLWU_P7
WUF7
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF7.
0 LLWU_P7 input was not a wakeup source
1 LLWU_P7 input was a wakeup source
6 Wakeup Flag For LLWU_P6
WUF6
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF®6.

Table continues on the next page...
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LLWU_F1 field descriptions (continued)

Field

Description

0 LLWU_PS6 input was not a wakeup source
1 LLWU_P6 input was a wakeup source

WUF5

Wakeup Flag For LLWU_P5

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF5.

0 LLWU_PS5 input was not a wakeup source
1 LLWU_PS5 input was a wakeup source

WUF4

Wakeup Flag For LLWU_P4

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF4.

0 LLWU_P4 input was not a wakeup source
1 LLWU_P4 input was a wakeup source

WUF3

Wakeup Flag For LLWU_P3

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF3.

0 LLWU_PS3 input was not a wake-up source
1 LLWU_PS3 input was a wake-up source

WUF2

Wakeup Flag For LLWU_P2

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF2.

0 LLWU_P2 input was not a wakeup source
1 LLWU_P2 input was a wakeup source

WUF1

Wakeup Flag For LLWU_P1

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF1.

0 LLWU_P1 input was not a wakeup source
1 LLWU_P1 input was a wakeup source

WUFO0

Wakeup Flag For LLWU_PO

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUFO.

0 LLWU_PO input was not a wakeup source
1 LLWU_PO input was a wakeup source
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18.4.7 LLWU Flag 2 register (LLWU_F2)

LLWU_F2 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFX), if set, will remain set if
the associated WUPEX bit is cleared.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 6h offset = 4007_C006h

Bit 7 6 5 4 3 2 1 0
Read | WUF15 WUF14 WUF13 WUF12 WUF11 WUF10 WUF9 WUF8
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F2 field descriptions
Field Description
7 Wakeup Flag For LLWU_P15
WUF15
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF15.
0 LLWU_P15 input was not a wakeup source
1 LLWU_P15 input was a wakeup source
6 Wakeup Flag For LLWU_P14
WUF14
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF14.
0 LLWU_P14 input was not a wakeup source
1 LLWU_P14 input was a wakeup source
5 Wakeup Flag For LLWU_P13
WUF13
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF13.
0 LLWU_P13 input was not a wakeup source
1 LLWU_P13 input was a wakeup source

Table continues on the next page...
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LLWU_F2 field descriptions (continued)

Field Description

4 Wakeup Flag For LLWU_P12
WUF12

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF12.

0 LLWU_P12 input was not a wakeup source
1 LLWU_P12 input was a wakeup source

3 Wakeup Flag For LLWU_P11
WUF11

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF11.

0 LLWU_P11 input was not a wakeup source
1  LLWU_P11 input was a wakeup source

2 Wakeup Flag For LLWU_P10
WUF10

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF10.

0 LLWU_P10 input was not a wakeup source
1 LLWU_P10 input was a wakeup source

1 Wakeup Flag For LLWU_P9
WUF9

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF9.

0 LLWU_P9 input was not a wakeup source
1 LLWU_P9 input was a wakeup source

0 Wakeup Flag For LLWU_P8
WUF8

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag, write a 1 to WUF8.

0 LLWU_PS8 input was not a wakeup source
1 LLWU_PS8 input was a wakeup source

18.4.8 LLWU Flag 3 register (LLWU_F3)

LLWU_F3 contains the wakeup flags indicating which internal wakeup source caused the
MCU to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt
flow. For VLLS, this is the source causing the MCU reset flow.

For internal peripherals that are capable of running in a low-leakage power mode, such as
a real time clock module or CMP module, the flag from the associated peripheral is
accessible as the MWUFx bit. The flag will need to be cleared in the peripheral instead of
writing a 1 to the MWUPFx bit.
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Memory map/register definition
NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 7h offset = 4007_C007h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
LLWU_FS3 field descriptions
Field Description
7 Wakeup flag For module 7
MWUF7

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 7 input was not a wakeup source
1 Module 7 input was a wakeup source

6 Wakeup flag For module 6
MWUF6
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 6 input was not a wakeup source
1 Module 6 input was a wakeup source

5 Wakeup flag For module 5
MWUF5
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 5 input was not a wakeup source
1 Module 5 input was a wakeup source

4 Wakeup flag For module 4
MWUF4
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 4 input was not a wakeup source
1 Module 4 input was a wakeup source

3 Wakeup flag For module 3
MWUF3
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 3 input was not a wakeup source
1 Module 3 input was a wakeup source

2 Wakeup flag For module 2
MWUF2

Table continues on the next page...
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)
LLWU_F3 field descriptions (continued)

Field Description

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 2 input was not a wakeup source
1 Module 2 input was a wakeup source

1 Wakeup flag For module 1

MWUF1
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear

the flag, follow the internal peripheral flag clearing mechanism.

0 Module 1 input was not a wakeup source
1 Module 1 input was a wakeup source

0 Wakeup flag For module 0

MWUFO
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear

the flag, follow the internal peripheral flag clearing mechanism.

0 Module 0 input was not a wakeup source
1 Module 0 input was a wakeup source

18.4.9 LLWU Pin Filter 1 register (LLWU_FILT1)

LLWU_FILT]1 is a control and status register that is used to enable/disable the digital
filter 1 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 8h offset = 4007_C008h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT1 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...
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Memory map/register definition

LLWU_FILT1 field descriptions (continued)

Field Description
0 Pin Filter 1 was not a wakeup source
1 Pin Filter 1 was a wakeup source
6-5 Digital Filter On External Pin
FILTE
Controls the digital filter options for the external pin detect.
00 Filter disabled
01 Filter posedge detect enabled
10 Filter negedge detect enabled
11  Filter any edge detect enabled
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
FILTSEL Filter Pin Select

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

18.4.10 LLWU Pin Filter 2 register (LLWU_FILT?2)

LLWU_FILT?2 is a control and status register that is used to enable/disable the digital
filter 2 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 9h offset = 4007_C009h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF 0
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT2 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...
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Chapter 18 Low-Leakage Wakeup Unit (LLWU)
LLWU_FILT2 field descriptions (continued)

Field Description

0 Pin Filter 2 was not a wakeup source
1 Pin Filter 2 was a wakeup source

6-5 Digital Filter On External Pin
FILTE

Controls the digital filter options for the external pin detect.

00 Filter disabled

01 Filter posedge detect enabled
10 Filter negedge detect enabled
11  Filter any edge detect enabled

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

FILTSEL Filter Pin Select

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

18.5 Functional description

Thie low-leakage wakeup unit (LLWU) module allows internal peripherals and external
input pins as a source of wakeup from low-leakage modes.

It is operational only in LLS and VLLSx modes.

The LLWU module contains pin enables for each external pin and internal module. For
each external pin, the user can disable or select the edge type for the wakeup with the
following options:

* Falling-edge
» Rising-edge
 Either-edge

When an external pin is enabled as a wakeup source, the pin must be configured as an
input pin.

The LLWU implements optional 3-cycle glitch filters, based on the LPO clock. A
detected external pin is required to remain asserted until the enabled glitch filter times
out. Additional latency of up to 2 cycles is due to synchronization, which results in a total
of up to 5 cycles of delay before the detect circuit alerts the system to the wakeup or reset
event when the filter function is enabled. Two wakeup detect filters are available for
selected external pins. Glitch filtering is not provided on the internal modules.
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Functional description

For internal module interrupts, the WUMEX bit enables the associated module interrupt
as a wakeup source.

18.5.1 LLS mode

Wakeup events triggered from either an external pin input or an internal module interrupt,
result in a CPU interrupt flow to begin user code execution.

18.5.2 VLLS modes

For any wakeup from VLLS, recovery is always via a reset flow and
RCM_SRS[WAKEUP] is set indicating the low-leakage mode was active. State retention
data is lost and I/0 will be restored after PMC_REGSC[ACKISO] has been written.

A VLLS exit event due to RESET pin assertion causes an exit via a system reset. State
retention data is lost and the I/O states immediately return to their reset state. The
RCM_SRS[WAKEUP] and RCM_SRS[PIN] bits are set and the system executes a reset
flow before CPU operation begins with a reset vector fetch.

18.5.3 Initialization

For an enabled peripheral wakeup input, the peripheral flag must be cleared by software
before entering LLS or VLLSx mode to avoid an immediate exit from the mode.

Flags associated with external input pins, filtered and unfiltered, must also be cleared by
software prior to entry to LLS or VLLSx mode.

After enabling an external pin filter or changing the source pin, wait at least five LPO
clock cycles before entering LLS or VLLSx mode to allow the filter to initialize.