KEA128 Sub-Family Reference
Manual

Supports:S9KEAZ64AMLK(R), SOKEAZ128AMLK(R),
S9KEAZB4AVLK(R), SOKEAZ128AVLK(R), SOKEAZB4ACLK(R),
S9KEAZ128ACLK(R), SOKEAZ64AMLH(R), SOKEAZ128AMLH(R),

SOKEAZG4AVLH(R), SOKEAZ128AVLH(R), SOKEAZ64ACLH(R) and
SOKEAZ128ACLH(R)

Document Number: SOKEA1287Z80M48SFORM
Rev 2, July 2014

<&,

Z“ freescale



KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc.



h o
g |

Contents
Section number Title Page
Chapter 1
About This Document
1.1 OVBIVIBW. ..tttk bbbt b8 E b £ £ E b€ E e E £ E e E b £ R b £ e R bR b bttt b b n s 37
O O R U oo RUP U PRSP 37
L.02  AUGIBNCE. ..ottt h bbbt bbb bbb R e bR E b e R e R e R e bbbt er bbb ar e 37
1.2 CONVENTIONS. ...tttk b bbb h b b E et E b b0 E b H e AR b bt bbbt E b bt b ekttt b et 37
121 NUMDEIING SYSTEIMS. ..ttt ekt bbbttt bbb s bRtttk ettt n et 37
1.2.2  TYPOGraPRIC NOTALION. ......eiuitiiitieit ettt bbbt bbbt 38
I T Yo L= ot F- LI 1 TSSOSO 38
Chapter 2
Introduction
2.1 OVBIVIBW. ...ttt bbbt E b b8 8 E 8 E R bR £ E R £ E R R bRt R et R bbb n et 39
2.2 MOdUIE TUNCLIONEAL CAEEIOIIES. ... .. ettt b bbb et e ettt ettt b e et nb et e sb e bt sb et abe e anes 39
2.21  ARM COrteX-MO+ COre MOUUIES........cviiiiieieieeiiiieie ettt ettt 40
2.2.2  SYSIEM MOAUIES.......cuiitiiiiitie ettt s s e et e e beste s be et e s be s be st et et et e st esseseeneebeatesresrenes 41
2.2.3  Memories and MEMOIY INTEITACES. ......cuiiiiiiiere bbbttt 42
2.2.4  CHOCKS. ...ttt bbb h R R R R bR R kbbbt bbbttt 42
2.2.5  Security and integrity MOGUIES.........cciiiiiiiiicee e e e e b e besbestestesresrees 42
2.2.6  ANAIOG MOUUIES.......oiiiiieiite bbbttt b etk b et b ettt 43
2.2.7  THME MOGUIES. ... vttt b bbb bbb bbbt bbbt bbbt bt 43
2.2.8  COMMUNICALION INTEITACES. ... vttt ettt 44
2.2.9  HUMAN-MAChING INTEITACES. ... ..eiiteiee bbbttt ettt 44
2.2.10  Orderable PArt NMUMDETS. ... ..ottt bbbt b et b e e eb etk e et e et se et nn e an e 45
Chapter 3
Chip Configuration
K T0 R [ 1 10T [FTod 1 o] ST TTETTSSSO TSSO ST PO TSP TR T TSP TR UOTPPTPPRRO 47
3.2 Module t0 MOAUIE INTEICONMNECES. .......vvetiiiiitcieis ettt bbbt bbbtk n et 47
3.2.1  INEICONNECTION OVEIVIEW. .....vitieiiteiesteee ettt bbbttt s b s et es bbbttt n e s 47

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 3



h o
g |

|
Section number Title Page
3.2.2  ANAIOY rEErENCE OPLIONS......c.iiitiieie ettt bbbt b ettt ettt ettt 51
3.2.3  ACIMP OULPUL CAPTUIE. .....etiteeit ettt b bbbt b b ettt ettt ettt er s 51
3.2.4  UARTO _TX MOUUIBLION. .....ctiiiiiiiieece ettt te e be st e be s b et e be st et et e e e s eneeneenaenaerenreans 52
325 UARTO/L/2_RX CAPLUIE. ...ttt sttt sttt ettt sttt bbbt b et b et b ettt ettt et et e re e 52
326 UARTO _RX IOttt ettt st b et st e e s et e e e st et e e s e e st et e e beebeabesbesbesbeeas 53
3.2.7 R IO 0%: 0] (] £ PRSP PUPRPRO 54
3.2.8  FTM2 SOftware SYNCAIONIZALION. .........ciiiiieiiieeie ettt b ettt eb et 54
3.2.9  ADC NAIOWAE TFIGGEI . ...ee ettt ettt ettt ettt eb etttk bbb bbbt bbb bt e b e s e eb et eb e e eb etk e e b et e e et e nn et e abere s 54
3.3 C0IE MOGUIES. ... bbbt b bRt b E bbbt b et R et 55
3.3.1  ARM Cortex-MO+ COre CONFIGUIALION. .......oiviiiitiiiiiiiteete ettt ettt 55
3311 ARM COtEX MO+ COME ...ttt 55
3312 Buses, interconnects, and INTEITACES. ..........veiiiiiiiii e 56
3.3.13 SYSEEM THCK THMET ...ttt ettt ettt ettt et sb e sb e b e e 56
3.3.14 COre PrIVIIEGE TEVEIS. ... 57
3.3.15 CACNES. .. bbbttt 57
3.3.2  Nested Vectored Interrupt Controller (NVIC) configuration.............cocooeeiiiiieiiieniiiseseee e 57
3321 INTErrUPT PrIOTILY TEVEIS. ... 58
3.3.2.2 NON-MASKADIE INTEITUPL......cueiviiiiiiice e e et re s resre et e 58
3.3.2.3 Interrupt Channel aSSIGNIMENTS. .......ciiiiiiiiere e 58
3.3.3  Asynchronous wakeup interrupt controller (AWIC) CONFIgUIation..........ocooviiriiiniiniinciceseseees 61
3331 WVAKEUD SOUICES. ....vvveveiteiteitesteste sttt est et e e st teeseeseebesbe s be st e s beste st et et et ensesseseensebeereebeabestesrearees 61
34 SYSEEM IMOGUIES ... oottt etttk et e E bbb h e b e e bt e b e et e e ekt eb e et et b et e eb bt ab e st abe e anes 62
341 SIM CONTIGUIALION. ...ttt bbb bt bbbt bbb bbbt b et e b e e b ettt eb et nn et nr et e 62
KIS Y [ORoo ) 1o U= U1 o] o PO OSSOSO 63
343 MOCM CONTIGUIALION. ...ttt bbbt bbbttt ettt 63
3.4.4  Crosshar-light SWitCh CONFIGUIATION. ........cuiviiiiiiiiiii e 64
34.4.1 Crosshar-Light switch master aSSIgNMENTS..........ccccceieiiieieieeee e 65
3.4.4.2 Crosshar switch Slave aSSIGNMENLS...........ciiiiiiiieiiee e 65
KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
4 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
3.4.5  Peripheral bridge CONFIGUIALION. ........ieiitiiitiiie ettt ettt nes 65
3451 Number of Peripheral DIIAgES. ........ooi e 66
3.45.2 V(=T 00 VA £ = F USSP PPRPRPI 66
3.5 SYSEEIM SECUITLY ...ttt etttk et s bbb s b s bbbt bt E et h b s bRt b skt b et bttt n et 66
351 CROC CONTIGUIALION. ....cuiiitiitetiieete ettt bbb bbbt b bbbt bbbttt b et b 66
KIS T AN VAV (ol g [oTo JoTo] 1) [0 V1 = 11 To PSSO 67
3521 WWVDIOG CIOCKS. ...ttt ettt et bbbt b et ebns 68
3522 VWD IOG OPEIALION. ...ttt bbbt bbbttt 68
3.6 CHOCK IMIOUUIES. ...ttt bbb bbb bbbt bbbt n ettt en s 69
3.6. 1 ICS CONFIGUIALION. ...cvtiitieet ettt b bbbt bttt ettt 69
3.6.11 CIOCK GAEING. ..ttt bbb bbbttt bbb 69
KT T A © 1T O ofo] 1) [0 U] =L o] PSS S USSP P 70
3.7 Memories and MEMOIY INTEITACES. .......ciiiiiiiite bbbt bbbttt bbb 70
3.7.1  FIash memory CONTIGUIATION. .........ciiiiiiiiiitei ettt bbb 70
3.7.11 FIaS MEMOTY SIZES......cviiciicece ettt be ettt s b e b be st ettt e e et e e ene e 71
3.7.1.2 FIaSh MEMOIY MAP.....ceieeiiic bbbttt 71
3.7.13 Alternate Non-Volatile IRC User Trim DesCription..........ccocvriiriinieiniiiniciseseese s 72
3.7.14 o Fo R A IRT=T ot U SRS 72
3.7.15 Erase all flash CONTENTS.......cviiiiiieee e abe e 72
3.7.2  Flash memory controller CONFIGUIALION. .......coiuiiiiiiiiiiis s 73
3.7.3  SRAM CONFIGUIALION. ... .c..cuiitiitiie sttt sttt e et te e e b et te st e st e be st et e st et e st esseseebeeseetesbeeresbesbeseeateseeseensens 73
3.7.3.1 SRAIM SIZES.....eie ettt ettt ettt bbb bbbttt et e 74
3.7.3.2 SRAM TANQES. ..ottt ettt b bbb e 74
3.7.33 TRy ANV o) ] o T=1 =L o] PR RSSS 76
IS Y 1 - (oo OSSR PRRPRRPRPRN 76
3.8.1  12-bit analog-to-digital converter (ADC) CONFIGUIALION..........coooiiiiiriiicie e 76
38.1.1 ADC instantiation INFOrMALION. ...........eoiiiiieiiiiiee e 77
3.8.1.2 ADCO connections/channel aSSIgNMENT..........ccoeiiiiiiiiieie e 77
3.8.1.3 ADC analog supply and reference CONNECLIONS...........coviiriiirriiciee e 78

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 5



h o
g |

Section number Title Page
3.8.14 Temperature SenSOr and DANAGAP. ... ..evieiiirei e 78
3.8.1.5 ATEINALE CIOCK. ... et 79
3.8.2  ACIMP CONFIGUIALION. ......iuiitiitiie ittt sttt e et e e e b et et e st e st e be st et e st e e e st esseseeseeseebesbeerestesbessenteseeseensens 79
3821 ACMP OVEIVIBW. ...ttt etttk bbbt bbbt b ettt ettt 80
3.8.2.2 ACMP INEEICONNECTIONS. ....eveiiteiiiteiet ettt bbbt eb et ettt nr b anas 80
3.8.2.3 ACMP N STOP MOGE.....c.viieiieiiieie ettt sttt sr et e e eseete e e s teabesbesbestesbesaesretesseseansaneas 81
LN T I 01 1=] £SO U ST PRPRRN 82
3.9.1  FIEXTIMEr CONFIGUIALION. ... ..ttt bbb bbbttt bbb 82
39.11 FTIM OVEIVIBW. ...ttt bbbttt bbb 82
39.1.2 FTM CLOCK OPLIONS. ...ttt ettt ettt 84
3.9.13 FTM INEEICONMNECTIONS. ...ttt b et eb ettt et et nn e 84
39.14 e YT (=T 4 0] ) SRS 85
3.9.2  PIT CONTIGUIALION. ...ttt bbbt bbbt bbbt e bt e b et e bt e b et et e e ebennebe e 85
3921 PIT OVEIVIBW. ...tttk e bbb bbbt b et b et bbbt 85
39.22 PIT INEEICONNECTIONS. ...ttt bbbttt 85
3.9.3  RTC CONTIGUIALION. ...tttk bbbt bbbttt 86
3931 RTC OVEIVIBW. ...ttt bbbt b et eb et eb et nn et nn et nas 86
3.9.3.2 RTC INTErCONNECTIONS. .. .cvevtteiiist ettt ettt 86
3,94 PWT CONFIGUIALION. .....cviiitiitet ittt bbbttt 87
3.94.1 PWVT OVEIVIBW......tie ekt b ettt 87
3942 PW T INEEICONNECTIONS. .....vtiiiteeieitist ettt 88
3.10 COMMUNICALION INEEITACES. ... vttt ettt ettt bbbt b et b et eb ettt e bt b s et eeb et e et e b e sbeseebe e abe e 88
3101 SPI CONFIGUIALION. 1.tttk bbbttt ekttt 88
BL0.1. 1 SPI OVEIVIEW. ...tttk ekt bbbt bbbt bbbttt 89
3.10.2  12C CONTIGUIALION. ...ttt b bbbt etttk e bbbt et st e b et eb e e eb e e et e e ebe e ete e 89
3.10.2.1 T2C OVEIVIBW. ...ttt bbbttt bbbttt 90
3.10.2.2  12C0 4-Wire iNterface TRALUIE........coviiiieieieiriieteeir e 90
3.10.3  UART CONTIGUIALION. ... ettt bbbt bbb et ettt berenn s 91
3.10.3. 1 UART OVEIVIBW. ...ttt btttk bbb bbbt b ettt 92

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

6 Freescale Semiconductor, Inc.




h o
g |

Section number Title Page
3.10.3.2  UART INEEICONNECTION. ...ttt ettt sttt 92
3.10.4  MSCAN CONTIGUIALION. ...ttt bbb b bbbt bbb bbb bbbttt 92
3.10.4.1 IMSCAN OVEIVIBW........eviiiiieiiieeiiiteie sttt ettt ettt ettt b ettt b st s ettt b et b et ab et s et en et enes 93
3.10.4.2  MSCAN CIOCK SOUICE......oiuieiiieiiiieie sttt ettt ettt et 93
3.10.4.3  MSCAN wake-up interrupt and glitch filter...........ccoiiiiiiii 93
3.11 Human-maching iNterfaCeS (HIMI)........coviiiioiciet ettt e e et et e b et st e st et e e et e st ens e e enearears 94
20 A 1 (@ I oa ) 1T U=V o] OSSOSO PSPPSRSO 94
1111 GPIO OVEIVIBW. ..ottt b bbbt b bbbt b bbbt 94
3.11.2 KB CONTIQUIALION. .. ...iitiiiititcieiee ettt sttt ettt e e se e s e et e e beebe st e be s b e st e be e et e st e e esseneeneeneeneetenrens 95
1121 KB OVEIVIEW. ..otttk ettt bbbt b et b ettt b et bttt en e 95
311,22 KB ASSIGNIMENTS. ....eeuiitiiitiiete ettt bbbt btk bbbt eb bbb e b e b e b 95
3.11.3  TRQ CONTIGUIALION. .. ..uiitiitiititiie ettt e et et s b ettt e st et e e e s e st e s e e seeseeteebeebe et e besbe st e be e et ente e essenseneeneeneerenrens 96
3.11.31 TRQ @SSIGNMIENT. ...ttt bbb bbbttt 96
Chapter 4
Memory Map
o oo (1 Tox 1 o] o OO OSSOSO PTPRPRRPRRPRPRN 97
4.2 SYSEIM MEMOIY MAP. .. ettt ettt bttt r et e bt et h e s e e st e bt ek £ b e b e e b £ e R e b oh £ b e b e e bt sseh b e bbbt ekt et e a e b e n e re s 97
O O AN [ =T I o Ty ol oV g (o =T [T o PO SRS 98
4.4 Bit MANIPUIALION ENQGINE....c.eitiiitiiiitiieie ettt ettt ettt b b b st b e e bt e b e et et et e st et e st et e s e et e sbebesbe st abereans 99
4.5  SyStemM ROM MEMOIY MAP......c.tiiiiiriiitiiriite ittt ettt r e b e r b e ettt e bbb e b e e bt e b e ek e bt b e e b b en e n e r e n s 99
451 ENLY (ROM_ENTRYN) . ovooioeeiieeeseeeeseseseesseseessseesseeesseosesesesssseessseesssees s essesesssseessseassesessesesseesssseessseessesesees 101
45.2  End of Table Marker Register (ROM_TABLEMARK).........cciiiiieiiiceiesir e 102
453  System Access Register (ROM_SYSACCESS).......cciiiiiiiiiiisieesieesie ittt 102
45.4  Peripheral ID Register (ROM_PERIPHIDN)........ccuiitiiiiiiiiiie e 103
455  Component ID Register (ROM_COMPIDN)......ccccoiiiiiiieieiieieieeea e se e se e ste e ss et e e s esseneesaanassannes 103
4.6 Peripheral bridge (AIPS-Lite) MEMOIY IMEP......ciiiiiiiieeiiet ettt b et bbbttt 104
4.6.1  Read-after-write sequence and required serialization of memory Operations...........c.ccocvvereiencieienese e 104
4.6.2  Peripheral Bridge (AIPS-Lite) MEMOIY Map........cceieiiirieieieieieieseseetese et sae et eae e esseneesasnessennes 105
4.7  Private Peripheral Bus (PPB) MEMOIY MAD.......cciiiiiiiiiiiiitee ettt 108

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 7



h o
g |

Section number Title Page
Chapter 5
Clock Distribution

5.1 INETOTUCTION. ...ttt bbb bbb b E b b E e bbb bbbt b bbbt 111
5.2 Programming MOUEL..........oeiiiiiiiiiiei etttk ek bbb bbb bbbkttt 111
5.3 High-level device ClOCKING QIAGTAM..........oiiiiiiiii bbbttt bbb b ene e 111
5.4 CIOCK QEFINILIONS. ....c.euiiteieiiitet ettt bbb b e bbbt b bbbt b bt nen s 113
541 DEVICE CIOCK SUMIMAIY.....uiuiitiiitiietiieeiise ettt ettt bbbt bbbt b st ettt et 113

542 CIOCK QISTIDULION.......c.eitiiitiiecieit et bbbt bt bt ekt ee et b et b bt b e b e b 114

5.5  INtEIrNAl CIOCKING SOUICES.......cuiitiitietiite ettt sttt sttt et et e s e be et e et e e b e et e be st e st e bese et e st e s e s ensesseseeneebeabeabeatesbennenrenes 115
5.6 EXIEINAI CIOCK SOUITES. ... .iuiieiiitieiites ettt b bbbt b bbb bbbttt 116
5.7 CIOCK GALING. ¢+ttt ettt bbb b bt bt h e b b E b b s E b b E b e bbb bbbttt 117
5.8 IMOUUIE CIOCKS. ... ittt bbb E bbb e b bt bbbttt b et 117
581  FTM and PWT CIOCKING. .. ..ciiitiiitiiiiiiieiieise ettt sb et b et ettt et et esnerennene s 119

Chapter 6
Reset and Boot

CT0 R [ 1 (oo [1Tod 1 o] OO OO 121
8.2 RESEL ... it R R R R R R e et h bbbttt 121
6.2.1  POWEI-0N TESEL (POR).....iiiiiiiicieiee ettt e s te et s et et e sttt e b et e st eteeseeseebeebe s besaesbeste st et e tessentesteseenseneeraarearens 121

B.2.2  SYSTEIM FESEE SOUICTES. ... .veurerteeeetetteseete et ettt etk bbbt et s et b e bt bt bbb bbbttt e et e bt e b et ettt et snens 122
6.2.2.1 EXternal Pin reSEt (RESET)......cuiiiiiiiiiisieistiesi ettt 122

6.2.2.2 LOW-VOItage AEIECE (LVD)....iiviieiiiieieiet ettt sttt ettt st st sa e e 123

6.2.2.3 WWALCNAOG TIMET. ...ttt bbbttt 123

6.2.2.4 ICS 10SS-0F-CIOCK (LOC) ...ttt ettt 123

6.2.2.5 Stop mode acknowledge error (SACKERR) .....c.coiiiiiiiieiiieieece e 124

6.2.2.6 SOTIWANE TESEL (SVV).. ettt 124

6.2.2.7 LOCKUP FESEE (LOCKURP) ...ttt bbb 124

6.2.2.8 MDM-AP SYSEEM FESEL FEQUEST.....veivriitiieiie sttt sttt et sra et e b e beenrrean 124

B.2.3  IMMCU TS, ... ettt h e bbbt E R R R R et h Rt E et r s 124
6.2.3.1 POR ONIY <ottt et s bt e bttt be bt eb e beete e et e e e e e 124

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
8 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
6.2.3.2 L8 10 = PSS 125
6.2.3.3 EArTY ChIP RESEL ...t bbbt 125
6.2.3.4 (08 1T R L= =1 PSRRI 125
TR R = 1o o | T T PSSP PSSRSO PP PP PP TPTTPPPOY 125
B.3. 1 BOOL SOUICES. ...ttt et b bbb b e bt h et b e E e e 125
6.3.2 BOOT SEOUEICE. ... vttt ettt sttt sttt h e bt e s t bt et e e bt ekt e e R e e bt e e Re e e bR bt e bR b e Ee e n b et e e naeebee e 126

Chapter 7

Power Management

7.1 INEFOTUCTION. ...ttt bbbt bbb E bR b E e E e bbbt b bt b bbbt 127
7.2 POWET IMOUES. ...ttt etttk b bbb st h kst E e E e H b8 b R bR £ E Rt E ekt bbb bbbttt ettt 127
7.3 Entering and eXiting POWET MOUES...........eiiteiiitiiitiiit ettt ettt ettt st b bbbt b et eb et b et ek e e e bbbt bt e b b e sr e anes 128
7.4 Module operation in [OW-POWET MOUES. ......cc.civiieiiieeee sttt se sttt e sa e re e e aeebesbe s besbesbesre s et e ne s esseseeraenearenreans 128

Chapter 8

Security
8.1 INETOTUCTION. ...ttt bbbttt bbb bRt E b E £ bbb bbb bt bbb b bt 131
8.2 FIASN SBCUITLY ...tttk bbbt bt btk e ekt e bt e bt e e bt e b e Rt bRt bRt e b et ket ekt b et e rere e 131
8.3 Security interactions With Other MOGUIES............cciiiiii s 132
8.3.1  Security interactions With eBUG.........ccceciiiiiiiiiieice ettt se e 132

Chapter 9

Debug

0.1 INEFOTUCTION. ...ttt b E bbb R bbb bbb bbbt bbbt n bt 133
I o 1=t o W (o o To g oo (Xl o] o] TSSOSO 133
9.3 SWD Status aNd CONIIOI FEGISTETS. ......eviuitiriitiietie etttk b et bbb bbbttt b et 134
0.3.1  MIDM-AP SEATUS TEGISTET ... e.veviretierieteetiee et ete s e te s e st e st e st e st et e e et et eseeseeseebeebestestestestesbesteseesaensessesensareasearearens 135
0.3.2  MDM-AP CONLIOI FEOISTET ...ttt ettt ettt e ettt s bt b e e bt et e et e e et e e ebenrebe e 136
0.4 DU FBSELS. ...t ettt ettt ettt b btk ek e bbb bR b s £ b4 b e e b £k e R e R R b bRt R R bR bbbt bbb 137
9.5  DEDUQ IN JOW-POWET MOUES.......ueitiitiiiiieitiieiest et e e e et e st et et e st et e tess et eseeseeseeseeteebeabesbesbesbesteseese et eseesensenseraaneaneas 137
0.6 DEIDUG BNT SECUITLY ...ttt sttt bttt ekt ekt e bt b e bt b e bt e b s b et b et eb et e b et eb e st et e et et e s b ebeaberesbeneanas 138

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 9



h o
g |

Section number Title Page
Chapter 10
Signal Multiplexing and Signal Descriptions
LO.1 INEFOAUCTION. 1.tttk b bbb bbbt E b E bbb E b e bbb bbbt b et b s 139
0T o To U SOOI RP 139
10.2.1  Signal multiplexing and Pin @SSIGNMENTS. ..ottt ear e en e 139
10.2.2  DEVICE PIN ASSIGNMENT.....cviitiitietiieiieieieeee e e st e st e st e st e st et et e e et e s e e seeseebeetesbeetestestesbebeee s entesseseeneataarearearenrs 142
10.3 Module Signal deSCription tADIES. ..........iiiii i bbbt bbbttt 143
10.3.1  C0r MOUUIES. ...ttt b btk e bbb bbbt b et b et b e bbb bbb e et bt b e ab e an e 143
10.3.2  SYSIEM MOUUIES......cuviietieieee ettt et et e be st e st e be st et et et et e st e e et ensessereeneateatesresrenes 144
10.3.3  ClOCK MOUUIES.......oeiieieiee bbbt btk ekt bbbt sb et e b et b e st et et ebe e et 144
10.3:4  ANAIOG. ...ttt bbb R R R E R R R R h £ b e R e b e bt bt et e nr et nn b r e ars 144
10.3.5  TUMEE MOGUIES. ....c.eiititieiieiet et bt bbbt bbbt bbbt b ettt 145
10.3.6  COMMUNICALION INTEITACES. ... c.iitiiiieiite et bbbttt bbb nene 146
10.3.7  Human-maching interfaces (HIMI).......ooiiiiiii bbb 147
Chapter 11
Port Control (PORT)
L1010 INEFOQUCTION. ..ttt kbbb k£ E bbb bbbt bbbttt 149
11.2 Port data and data QIFECTION. .........iviueiiiiieet ettt bbbt e b bt e bbbkt ne bbb 151
11.3 INErNal PUHUD ENEDIE.......coiii ettt ettt b bbbt s b st bt bttt ettt et 152
114 INPUL GIIECR FIIEE SEELING. ... e ettt bbbt bbbttt bbbt 152
ST o 1T AT U =T a1 o[ USSR 153
11.6 Pin DENAVIOT IN STOP MOGE. ... vttt bbb bbbt et e s b s bbbt 153
11,7 PO AR FEGISTEIS. .. vttt itttk t et bbbt b e e bbbt e b e b b h 4 b e E e b e s e e b s b eb e e eb b eb et eb et et e ne et e nn et e n b e arene s 154
11.7.1 Port Filter Register 0 (PORT _IOFLTO)......cciiiiiiiieieieeieetee s sttt rasta st ste st e ste et ne s 154
11.7.2  Port Filter RegiSter 1 (PORT _IOFLTL).....ctiiiiieirieiiiteisteesiest ettt 157
11.7.3  Port Pullup Enable Register 0 (PORT_PUED)........cccoiiiiiiiieiiieiieie ettt 158
11.7.4  Port Pullup Enable Register 1 (PORT _PUEL).....ccccciiiiiiieiiiicieese sttt sttt sttt a e ta e sne e snesnens 163
11.7.5 Port Pullup Enable Register 2 (PORT_PUEZ)........cccceiiiiiiiie ettt 168
11.7.6  Port High Drive Enable Register (PORT_HDRVE).........ccooiiiiiiiiiiieie s 170
KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
10 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
Chapter 12
System Integration Module (SIM)
12,0 INEFOGUCTION. ...tttk bbb bbb st bbb E bR b E b £ e bbb bbbt bbbt b s 173
L1211 FALUIES. etttk h bbb b b H bR R R R R bR R R R bR ettt n b 173
12.2 Memory map and register AefiMITION. ...........ooiiiii bbb 173
12.2.1 System Reset Status and ID RegiSter (SIM_SRSID).......cccoiiiiiiiie it 174
12.2.2  System Options ReGISter 0 (SIM_SOPTO)........uuiiiirieierieisiei sttt sttt sr e sne e ane e 177
12.2.3  System Options REGISLEr (SIIM_SOPTL)....coiiiiiiiiiiieiiieeie ettt sr e ane e 180
12.2.4  Pin Selection Register 0 (SIM_PINSELD)........cccciiiieiiiieieece ettt sttt sre st s sn et 182
12.2.5 Pin Selection Register 1 (SIM_PINSELL).......coooiiiiiiiiiiiiisesie e 184
12.2.6  System Clock Gating Control RegiSter (SIM_SCGC)......c.cceiiiiiirieieieesiee e 186
12.2.7 Universally Unique Identifier Low Register (SIM_UUIDL).........cccoceiiiiiieiieececese e 190
12.2.8  Universally Unique Identifier Middle Low Register (SIM_UUIDML)........ccccoviiiiiiiiiiieeneesee e 190
12.2.9  Universally Unique Identifier Middle High Register (SIM_UUIDMH)..........cccoceiiiiniiiiiiiec s 191
12.2.10 Clock Divider RegiSter (SIM_CLKDIV)......cciiiiiieiieieieieet ettt sttt a e vaste e sre e snesrens 191
12.3 FUNCHIONAL GESCIIPTION. ...ttt ettt bbbkt e bbbt b st e bt e b et eb etk e e ettt e b e se et e nb et e anereaneneas 192
Chapter 13
Power Management Controller (PMC)
I T0 R 111 (o [0 o4 T PSSO 193
13.2 LOW VOItage dteCt (LVD) SYSTEM.....cuiiiiiitiiiiteiiiteeet ettt bbbt bbbt 193
13.2.1  Power-0n reSet (POR) OPEIALION..........cvciiieieiese st ste e ste st ste st st e e e e e e s etastesaeebestestestestestesaebeseesaenseseeseaneasens 194
13.2.2 LV/D IESEE OPEIALION. .....eiveeeiiteieiteeeteeete ekttt ettt sttt et bbbt b bbb s et s bbbttt n et 194
13.2.3  LVD enabled iN STOP MOGE.......cuiiiiiiieitiieeieieeie ettt e bbbt bbbttt 194
13.2.4  Low-voltage WarnNiNg (LVWW) ...ttt sttt sttt esa s e sa st etaeteateabastesresrees 195
13.3 BANUGAP FEFEIENCE. ..ottt bbbt b et bkt b et E e e b b e bt b e bt b e bt e b e r e bt bt ettt et 195
13.4 Memory map and regisSter ESCIIPIIONS. ........ci itttk bbbt bbb 195
13.4.1 System Power Management Status and Control 1 Register (PMC_SPMSCL).........ccccceievierievieiieiesiesesieseanens 196
13.4.2  System Power Management Status and Control 2 Register (PMC_SPMSC2)........ccccooverienneneienseneeens 197

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 11



h o
g |

Section number Title Page
Chapter 14
Miscellaneous Control Module (MCM)

LA.L INEFOGUCTION. 1.tttk b bbb bbb E b E bR bbb e bbb bbbt b bt b b 199
T R T (1] (PP TP PP 199

14.2 Memory mMap/regiSter AESCIIPTIONS. .........ciitiiieie ettt et bbbt b et b et bbbt 199
14.2.1 Crosshar Switch (AXBS) Slave Configuration (MCM_PLASC)........ccccoiiiiiiieieieeee et 200
14.2.2  Crosshar Switch (AXBS) Master Configuration (MCM_PLAMOC).......cccceiiiiiiiiiiseeesesee s 200
14.2.3  Platform Control RegiSter (MCM_PLACR)........coiiiiiiiiietnetet bbb 201

Chapter 15
Peripheral Bridge (AIPS-Lite)

15,1 INEFOQUCTION. ...tttk H ek E e E bbb bbbt bbbttt 205
L1511 FRALUIES. ..ottt 205
15.0.2  GENEIAl OPEIALION. ....cuiitiriiti ettt b ekt ek etttk b bbbt e b e st b et eb et ettt ebe st et e et e e b e et e nnan 205

15.2 FUNCEIONAL GESCIIPTION. .. ..ttt b bbb bbb bbbt b bt eb et b bbbkt nb et e bbb e nn e 206
T R ol o1 TS U o] oo S PP RPP TR OPRPRPPTN 206

Chapter 16
Watchdog Timer (WDOG)

16.0 INEFOGUCTION. ...tttk b bbb bbb st b b E e E R bR b £ e bbb bbb bbbt b b 207
L6. 1.1 FBALUIES. .. etttk bbb bbb E bR R R R R R R R R h ettt b e 207
16.1.2  BIOCK GIAGIAM ...ttt bbb bbbt bbb bbb bbbt b et bt eb et b 208

16.2 Memory map and regiSter AefiNITION. ..ot r et e e seeraetearesresresresrens 209
16.2.1 Watchdog Control and Status Register 1 (WDOG_CSL)......cciiiiiiriiiiiienieieniec et 209
16.2.2 Watchdog Control and Status Register 2 (WDOG_CS2)......ccoiiriiriiiieiiieiniet et 211
16.2.3 Watchdog Counter Register: High (WDOG_CNTH).....cccoiiiiiiieicieeece et 212
16.2.4 Watchdog Counter Register: LOW (WDOG_CNTL)......cciiiiiiirieesieisie ettt 212
16.2.5 Watchdog Timeout Value Register: High (WDOG_TOVALH).........cooiiiiiiiiiie e 213
16.2.6 Watchdog Timeout Value Register: LOW (WDOG_TOVALL).....c.ccoiiiiiiiiece et 213
16.2.7 Watchdog Window Register: High (WDOG_WINH)........cccoiiiiiiiiiiiiee e 214
16.2.8 Watchdog Window Register: LOW (WDOG_WINL).......cciuiiiiiiiiiisiesesiee et 214

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
12 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
16.3  FUNCHIONAI GESCIIPTION. .. ..ttt etttk et e bbbt b st e bt e b et eb et e e et st et e nb et e na et e nn s e arere s 215
16.3.1  Watchdog refresSh MECHANISIM. . .......c.iiiiiiiii ettt ettt 215
16.3.1.1  WINAOW IMOUE. ..ottt bbbttt 216

16.3.1.2  Refreshing the WAatChOG. .......cciveiieiieie et 216

16.3.1.3  Example code: Refreshing the WatChaog..........ccoiiiiriiiiiicicee e 217

16.3.2  Configuring the WatChAOQ.........ccviiiiiiie sttt st et e s te st et et et ee s 217
16.3.2.1  Reconfiguring the WatChdog.........covoeiieiiiiiee e 218

16.3.2.2  Unlocking the WatChAOG. ........cueviviiitiiieiiieiiiieese st 218

16.3.2.3  Example code: Reconfiguring the WatChd0og...........ccccviiieiiieieicieieseee e 218

16.3.3  ClOCK SOUICE... ettt bbbt bbbt b et E e e bt bbb bt bRt bRt bt et e ettt et et 219
16.3.4  USING INTErTUPLS T GEIAY FESETS......viviiitiitetiit ettt bbbttt ettt nn e 220
T TR T =¥ o LU o (-] OSSR 220
16.3.6  Functionality in debug and 10W-POWEEN MOGES.........cviuiiiiiiiiee ettt 220
16.3.7  Fast testing Of the WatChAOG. ........cviiiii e 221
16.3.7.1  Testing each byte 0f the COUNLET.........ccciiiii i 221

16.3.7.2  ENEEIING USEE MOUE. ... .cuiiiiieeiiiteiieiet sttt bttt ettt 222

Chapter 17
Bit Manipulation Engine (BME)

0 R 111 o [0 o4 T PSSO 223
L17.0.1 OVBIVIBW. .otttk b et bbbt h £ h e b8 E b bbb £ bbb h £ b st bt e bt eb et eb etk nn et e e et e bt e ars 224
L1712 FRALUIES. ..ot et 225
17.1.3  IMOUES OF OPEIALION. ... vttt b et b et b et b et b et b e ettt et et nb et e e b e s e sbeneabe e 225

17.2 Memory map and register defiMITION. ... .. ..o 225

IR I 0T oo g o [=TTod T oL o] RSSO 226
17.3.1  BIVIE JECOTALEA STOMES. ... eiuieeteeititeteitesee etttk ettt bbbttt ettt 226

17.3.1.1  Decorated store 10gical AND (AND).......ccooiiriiiiiieiieisiee e 228
17.3.1.2  Decorated store 10gical OR (OR)......c.cciiiiiiiiiiiiiiie ettt 229
17.3.1.3  Decorated store 10gical XOR (XOR).........ciiiiriiiriiinieisieisieesesisie e 230
17.3.1.4  Decorated store bit field iNSErt (BFI)........ccoiiiiiiiiiei e 231
KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
Freescale Semiconductor, Inc. 13



h o
g |

Section number Title Page
17.3.2  BIME dECOTAEA TOAUS. ....cveveiiieeiiiteisteete bbbttt ettt b et b et b et b e 233
17.3.21  Decorated load: load-and-clear 1 Dit (LACL).......ccoiiiriineeiee e 236

17.3.2.2  Decorated Load: Load-and-Set 1 Bit (LASL).....ccccceiiiiieieiiiecieese et 237

17.3.2.3  Decorated load unsigned bit field extract (UBFX).......cccociriiiiiiiiiieinieenieeseee s 238

17.3.3  Additional details on decorated addresses and GPIO 8CCESSES.........uviriiiiiieiiieieeie ettt 239

I N o] o] [Tor: L Lo A TN T a1 0] 44T 4] o PRSP 240

Chapter 18
Flash Memory Module (FTMRE)

181 INEFOGUCTION. ...tttk bbb bbb Rt bbb E bbb bbbt e bt bbbt bbbt b b 243
18,2 FRAIUIE. ... etttk h et h bbb R R e £ R R R R R R R £ R R R R R ettt ekttt h b 243
18.2.1  FIash MEMOIY TEAIUIES. ......veiiitiiitei ittt bbbt bbbttt bbbt ab et b e 243
18.2.2  Other flash MOCUIE TEALUIES.........cueiiiieciiii bbb 244

18.3  FUNCHIONAI GESCIIPLION. ...ttt etttk b bbbt b st b et b et eb etk e e et st et e st et e ne et e aberenbereas 244
18.3.1  IMOUES OF OPEIALION. ... .ttt etttk e bbbt b et b et b bbb bbb nb bt b e b e b 244
18.3.1.1 WA MOUE. ...ttt b bbbttt 244

TR I I (o] o 1o o OO PRSPPSO 244

18.3.2  FIASH MEIMOIY MAP.. ..ttt ettt bbb bbb bbb bbbkt b bbbttt 244
18.3.3  Flash initialization after SYStEM FBSEL.......cciiiiiiiiiiieie ettt et e e st e b et et b e e s 245
18.3.4  Flash COMMEANT OPEIALIONS. .....c.ciuiriitiiiiteiiteiete ettt b et b ettt ettt e et ne et e bt et s e sbe e abe e abe e 245
18.3.4.1  WIiting the FCLKDIV TEQISTEN.....c.eiuiiiiiiitiieiiiieeii sttt 246

18.3.4.2  COMMANG WIILE SEQUENCE. ...cvvevieteeteeteetestestestesteste st esteae e eseesaesesseebestestesbesbesaessenbesseseensesseseaneareares 248

18.3.5  FIASH INEEITUPDES. ...ttt b ettt ettt bbbt bbbt b et b et bttt ettt 250
18.3.5.1  Description of flash iNterrupt OPEration...........cocoiveiiiiiiriiies s 250

18.3.8  PrOTECTION. ... cueiiiiteeit sttt bbbttt bbb bbb £ bbbt E bttt 250
18.3.7  SBCUIILY .ttt ettt h bbbtk e bt e e b £ e b e E bR e e b e s e e b e b ekt R e e bt e b b e bt bRt b b e b 255
18.3.7.1  Unsecuring the MCU using backdoor K8Y CCESS.......coiiiiiiiiiiiiiiicc e 255

18.3.7.2  Unsecuring the MCU USING SWD.........cciiiiiiiieieee ettt sttt 256

18.3.7.3  Mode and security effects on flash command availability.............ccococorviiiiiniiniiieee, 256

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
14 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
18.3.8  FIaSH COMIMANGS. ... .cueitiiiiteiete ettt ettt bbb bbbt bbbt et et bttt 256
18.3.8.1  FIasSh COMMANGS. .......cuiiiiiiitiieiiiet ettt 257

18.3.9  Flash COMMANG SUMMAIY........coiiiiiiiiie ettt e et be st ettt e st e be e e b e st e e e s e st eseereebeebestesresrenes 257
18.3.9.1  Erase Verify All BIOCKS COMMANT..........ccoiiiiiiiiiiiicsies e 258

18.3.9.2  Erase Verify BIOCK COMMANT..........coiiiiiiiiiiiiiici s 259

18.3.9.3  Erase Verify Flash SECtion COMMANG...........cccoviiiiiiiiiiicicce e 259

18.3.9.4  Read ONCE COMMANG.....cvitiiitiietiieeie ettt sttt ettt ettt et e ettt e bt st e st et e b e et e e ebe e ebe e 260

18.3.9.5  Program Flash COMMENG..........oouiiriiiiiiiiiiice e 261

18.3.9.6 Program ONCE COMMEANG.........ccuiiuiiiiieieiet et e et e et st e sttt e se s esae e e e ensereeresaestesresrestentens 262

18.3.9.7  Erase All BIOCKS COMMANG........coiiiiiiiiiiiie ettt 263

18.3.9.8  Debugger Mass Erase rEOUEST..........cuiviirieirieiit ettt ettt sb et sb bbb ene e 264

18.3.9.9  Erase flash block COMMANG.........ooiiiiiiiiiicic s 265
18.3.9.10  Erase flash SECLOr COMMANT..........coiviiriiiiiiiieee e 265
18.3.9.11  Unsecure flash COMMENT..........coiiiiiiiiiii s 266
18.3.9.12  Verify backdoor access Key COMMANG..........cc.ccveviieiiiiiieie et 267
18.3.9.13  Set user margin leVel COMMEANT............ccuiiiiiiiiiieiee s 268
18.3.9.14  Set factory margin level COMMANG............ocoiiiiiiiiii e 269
18.3.9.15  Configure NVIM COMMANG.........cceiiiiiiiiieieieetteesese et ste st st sttt e e e e e ese s e s bearesresresrens 270

18.4 Memory map and register efiNITION. ...........ooiiii et 273
18.4.1 Flash CCOB Index Register (FTMRE_FCCOBIX).......coiiiiiiiiiiie sttt 273
18.4.2 Flash Security Register (FTIMRE_FSEC)........ccooiiiiiiiiiicieie ettt sttt seava st rene e 274
18.4.3 Flash Clock Divider Register (FTMRE_FCLKDIV).....c.ccciiiiiiiiiiiiiieise st 275
18.4.4  Flash Status RegiSter (FTIMRE_FSTAT) ...ttt 276
18.4.5 Flash Configuration Register (FTMRE_FCNFG).......ccccociiiiiiicieiie ettt a s a e 277
18.4.6  Flash Common Command Object Register: Low (FTMRE_FCCOBLO).........cccoviiirniiniineieieesesesie s 278
18.4.7  Flash Common Command Object Register:High (FTMRE_FCCOBHI).........ccooviiiiiiiiiiiice e 278
18.4.8  Flash Protection Register (FTMRE_FPROT)....cccciiiiiiiiiieieie ettt sttt se et srenne e 278
18.4.9  Flash Option Register (FTIMRE_FOPT)....cuiiiiiiiisieisierieee bbbt 280

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 15



h o
g |

Section number Title Page
Chapter 19
Flash Memory Controller (FMC)

191 INEFOAUCTION. 1.tttk bbbk bbbt E b E e E bR e bbb e bbb bbbt b b 281
TR R O L 4V T OO TSRS POPTSTPRRPRPRN 281
LO.1.2  FALUIES. ...ttt bbb b b e bR E R R R R r et 281

KT |V, [T L= o] o LA o) SRS 282

19.3  EXEErNal SIgNAI DESCIIPTION. ... .c.iiitiiiti ettt ettt bbbt b et b et b et eb ekttt e bt et e e et e b b e anene s 282

19.4 Memory map and regiSter ESCIIPIIONS. ........iu ittt bbbttt b et 282

19.5 FUNCHIONAL GESCIIPLION. .. ...iitiiviitiititeite ittt ettt et e e e et e e ese et e e beehe et e e beebe st e be e e s e st et e s ensesseneaneebestesresrenreee 282

Chapter 20
Internal Clock Source (ICS)

20.1 INEFOAUCTION. ...ttt bbbttt b e bbb E b bR bbb bbb bt bbbt bbb 285
20.1.1  FBAIUIES. ..ottt etttk stttk h btk bbb e E bR R R R R £ R R R R R R b b ettt et eene s 285
20.1.2  BIOCK GIAGIAM....ecititeiiiteieit ettt bbb bbbt b b bbbt bbb bbbt e b e e bt b eb et b et nr et n b 286
P05 T |V [T (=T o] o =T LA o) ST SSSSPP 286

20.1.3.1  FLL engaged interNal (FEI).......coooiiiiieiieseeee et 286
20.1.3.2  FLL engaged external (FEE)........ oottt 286
20.1.3.3  FLL bypassed interNal (FBI).........cccoeiioiiiiiiiie sttt s 287
20.1.3.4  FLL bypassed internal [ow power (FBILP).........ccoiiiiiiiiiieese s 287
20.1.3.5  FLL bypassed external (FBE).........ccoouoiiiiiiiiiee e 287
20.1.3.6  FLL bypassed external [ow poOwWer (FBELP).........ccoivciciieiiicie e 287
20.1.3.7  SEOP (STOP) .o v eeeee e eee s 287

20.2 EXErnal SIGNAT AESCIIPTION. ..ottt bbbt bbbttt bbbt 288

PO = (=To 15 (< o 1TV o] PO SRRSO 288
20.3.1  ICS CoNtrol REGISIEr 1 (ICS_CL)...iiiuiiieiiiieiiiieiesieiesie stttk 288
20.3.2  ICS CoNtrol REGISIEN 2 (ICS_C2).....eiuieeiiieeiiieeiisieiisteet ettt bbbttt 289
20.3.3  ICS CoNtrol REGISTEr 3 (ICS _C3)..iiiiiiieiiiciieeite sttt sttt ettt e e e te s te e st e st e be st et et et et e st esaeneetaetesresrenes 290
20.3.4  ICS CONtrol REGISIEr 4 (ICS_CA) ..ottt ettt bt 291
20.3.5  ICS StAtUuS REGISTEN (ICS_S)...uitiuiiiiiitiiitiieie ettt bbbttt bbb 292

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
16 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
20.4  FUNCHIONAI HESCIIPTION. ... vttt bbb bbbt b et s b s et s ket b ettt b b enen 293
20.4.1  OPEIAtIONAI MOUES. .....c.itiiiitiieit ettt bbbt b bt b bbb bbbt bbbttt bt 293
20.4.1.1  FLL engaged interNal (FED).......ccovoiiiiiiiiie ettt ve st sne 293

20.4.1.2  FLL engaged externNal (FEE).........ccoiiiiiiiiiiie ettt e 294

20.4.1.3  FLL bypassed interNal (FBI)........cccooiiiiiiiiiiiese ettt 294

20.4.1.4  FLL bypassed internal Iow pOWer (FBILP)..........cccciviiiiiciiececese e 294

20.4.1.5  FLL bypassed external (FBE).........ccoouiiiiiiiiiiseiseee e 294

20.4.1.6  FLL bypassed external low power (FBELP).........ccccooiiiiiiiiiiiic e 295

20.4.1.7 R (0] o T T TP PR PT PR 295

20.4.2  MOGE SWITCNING .. eteretiiietteet etttk bbb bbbt bbbttt et 295
20.4.3  BUS TTEQUENCY QIVIUR ...ttt bbbt bbbttt bbb bbb 296
20.4.4  LOW-POWET TIBIA USAGE....ueiuecteiiiiieiteiteitesteste ettt ettt et e eete et e besbe st e s te st e st e besae e esb e st e s entessesaeneeteebearesaearenrene 296
20.4.5  INtErNal FETErBNCE CIOCK........oiiei ittt et 296
20.4.6  FiXed TreQUENCY CIOCK.......v ittt bbbk bbbt b bbbttt 297
20.4.7  FLL 10CK @nd CIOCK MONITOT. .......iuiiiiiiiciiisicte et 297
20,470 FLL CIOCK TOCK. ... ettt bbb 297

20.4.7.2  External reference ClOCK MONITON. .........ciiiiiiiiiiiic e 298

20.5 Initialization/application INFOIMAtION..........ccii it e e e e beebeareeaestesresnesrenes 298
20.5.1  INIIAlIZING FEI MOUE........iiiieieiitiee bbbttt 298
20.5.2  INILIANIZING FBIMOUE.......cuiiieiieit bbb bbbt b et et ne ettt 299
20.5.3  INItIAHZING FEE MOGE.....cc.ciiiiiiiiieieiee ettt sttt se et e e tesbesbe st e s te st et e ae st et esteeensensereanaarens 299
20.5.4  INIIAlIZING FBE MOUE. ..ottt ettt bbbttt 299

Chapter 21
Oscillator (OSC)

A R [ o1 (o [FTod o] o OO SO TP 301
2111 OVEIVIEBW. c. ittt h bt h et bt bbb e84 b1 h b b £ b€ E b bR bR bbbt 301
21.1.2  FRAUIES ANU MOUES. ... ecveiiiieetetee ittt bbbt bbb bbbt bbb bbbt 301
3 e T =] o o3 g [T Vo Ty 4 OO OSSR SURRTPRRPRPN 301

21,2 SIGNAI AESCIIPTION. ... cvtett etttk bbbk bbb bbbt b ettt et 302

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc.

17



h o
g |

Section number Title Page

21.3 External crystal / reSONAtOr CONNECTIONS. ......c.iiviiiieieieete ettt ettt b et b ettt ettt be e 303

21.4 EXErNal CIOCK COMMEBCTIONS. .....cviiiitiiiteiiet ettt bbbt b bbbt bbbt bt bbbt 304

21.5 Memory map and regiSter ESCIIPLIONS. .......civiiiriteeie ettt ettt e e e te et e e beebeetesbesbesbesbesrenbetesne s enseseeneens 305
21.5.1 OSC Control REGIStEr (OSC_CR).....ucuiiiiiiiieiirieiesieeet ettt bbb bbbttt en et enennenes 305

21.6 FUNCHIONAI HESCIIPTION. ...ttt bbb bbbt bbbtttk bbbttt 306
21.6.1  OSC MOUUIE SEALES. .....c.evveieriiteteie itttk e bbbt b bt b bbbttt 306

20.6.1.1  Offiiioiee ettt 307
21.6.1.2  OSCIHIALON SEAITUD. ... c.viteeitiietieet ettt bbbttt 308
21.6.1.3  OSCIHIALOr SEADIE. ...ttt 308
21.6.1.4  EXtErnal CIOCK MOGE. .......ciiiiiiieiiiet ettt 308
21.6.2  OSC MOUUIE MOUES. ..ottt b ettt ekt e bbbt bbbt b et b et eb et b e bbbt nn bt n et e b ereanene s 308
21.6.2.1  Low-frequency, high-gain MOE..........ccovii it 309
21.6.2.2  Low-frequency, [OW-POWET MOTE. .........ociiiiiiiiieie ettt sr e 309
21.6.2.3  High-frequency, high-gain MOTE..........cooiiiiiiiiiei s 309
21.6.2.4  High-frequency, lOW-POWEN MOTE.........ccciiiieiiiiiieiee e re e 310
21.6.3  COUNTT ..ttt bbbtttk E e H bR E R R R R R R R R R bRt R et r e 310
21.6.4 Reference ClOCK PiN FEQUITEMENTS. ......ciiiiiit ittt ettt 310
Chapter 22
Cyclic Redundancy Check (CRC)

22,1 INEFOTUCTION. ...ttt et bbb bbbk E b e b E e E e E bbbt A bbb e b e e b et bt bttt 311
2211 FRAIUIES. ..ottt bbb bR bbb et 311
22.1.2  BIOCK GIAGIAM ...ttt ettt b et b et bt e b etk e bt b e b bt e bbb Rt b et b etk et ne et e b et nras 311
22.1.3 MOGES OF OPBIALION. ....eetiietiieet ettt bt bbbt bbb bbbttt 312

22.1.3. 1 RUNMOUE. ..ottt bbbt b ettt bbbttt bbbt 312
22.1.3.2  Low-power MOdes (WaIt OF STOP)........cuiveirieirieirieisiesieie et 312

22.2 Memory map and regisSter eSCITPIIONS. ......c.i ittt bbbt bbbttt b ettt 312
22.2.1 CRC Data regiSter (CRC _DATA) ..ottt ettt sttt a et te e et e s te st e st e s be s te st et e et e st essesaereetaatesresrenes 313
22.2.2 CRC Polynomial register (CRC_GPOLY)...c.iiiiiiiieiiiieiriecsies ettt 314
22.2.3  CRC CoNtrol regiSter (CRC_CTRL) ..ottt bbbttt 314

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

18

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
22.3 FUNCHIONAI HESCIIPTION. ... vttt bbbttt e s bRt b h bbbttt e b 315
22.3.1 CRC initialization/reiNitialiZALION. ..........c.eiiiiiieiiee bbbttt 315
22.3.2  CRC CAICUIALIONS. ...ttt bbbt b bbbt bbbt b bbb 316
22321 G o O SR 316

22.3.2.2 2 o] | O = {3 ST SURURRPR 316

22.3.3  TraNSPOSE TRALUIE. ... ecviitieiietieiti et ettt ettt e st et et e s e te e st e ebe e st e sbeesteeReesaeesaesteeseesbeeseenteententeentenneenes 317
22.3.3.1  TYPES OF TrANSPOSE. ...ttt ettt bbbttt b et bbbt 317

22.3.4  CRC reSUIt COMPIBIMENT. ...ttt e bbbt b et b e bt b e et nr et nn et sr e 319

Chapter 23
Interrupt (IRQ)

231 INEFOTUCTION. ...tttk b bbb bbb b £ b e e b E e E bbb e bbb e b £ e bt b et bttt n et 321

232 FRAIUIES. ...t E e E R R bbb et b e 321
23.2.1  Pin CONTIGUIALION OPLIONS. ... cviiitiieeti ettt ettt bbbt b ettt ettt ne et e ebennere e 322
23.2.2  EAQE aNd VAl SENSITIVITY.......c.iiveiiiteiiieciiiteisiee ettt ettt bbbt n e anene s 323

23.3  INEITUPE PIN FEOUEST FEOISTET ... iiviviiteititeiet ettt ettt sttt r et e s et e sseseeseeseeaeebasbeebesbesbesbesbe b e see st enbesse e enseraaras 323
23.3.1 Interrupt Pin Request Status and Control Register (IRQ_SC)......coviriiriiriiieireeseeseee s 323

Chapter 24
Analog-to-digital converter (ADC)

P R [ 1 (0o [FTod o] o OO OO SO PP 325
2411 FRAIUIES. ...ttt ettt h b bbb h e E bR R R R R R R R R R r bbbt b e r e 325
N = (o1 S B IT: Vo =1 1 SRRSO 326

24.2 EXErNal SIgNAl DESCIIPIION. .. ..eviiiiteieitiiite ettt ettt b et b et b etttk ekt b e st e bbbt et e bt eb e st e b et et e e ebe e et e 326
24.2.1  ANAIOG POWET (WDDA) .. .otttk e bbb bbbt b et b et bbbttt 327
24.2.2  ANAIOG GIOUNG (VSSA) ...ttt sttt e ettt b et et st e st et st e et e st et e st es s eseabeebeebesbeseestesbesee st eseeseeneens 327
24.2.3  Voltage Reference High (VREFH)........co ittt 327
24.2.4  Voltage ReferenCe LOW (WREFL) ..ot 327
24.2.5  Analog Channel INPULS (ADX)......cviieieiiieiesisesteste e stesseste et et e e e saaseetestestestestestestesbesaessensessessensesseresseasens 327

24.3 ADC CONIOI REGISTEIS. ...ttt ettt bt b et s et s b sk s b s bt bt bt b et h et h ettt nes 328
24.3.1  Status and Control REGIStEr 1 (ADC_SCL).....c.ciuiiiriiiiiiiisieieeie ettt 328

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
Freescale Semiconductor, Inc. 19



h o
g |

Section number Title Page
24.3.2  Status and Control RegISter 2 (ADC_SC2).......cuiiiiiiiiisiiieie ettt b neens 331
24.3.3  Status and Control RegiSter 3 (ADC_SC3) ...ttt bbbttt 333
24.3.4  Status and Control REGIStEr 4 (ADC _SCA).....c.cciieiiiieiieieieee ettt seraeraaresreeresre e 334
24.3.5 Conversion Result REGISIEN (ADC _R)....cuiiiiiiiiirieiisieisieisi ettt 335
24.3.6  Compare Value RegiStEr (ADC _CV).. .ottt bbbt bttt 336
24.3.7  Pin Control 1 RegiSter (ADC _APCTLL)....covciiiioiie ettt te sttt saesr et e e s enneneens 337
24.3.8  Status and Control RegiSter 5 (ADC_SCH).....cuiiiiiiiiiiisierisie ettt 337

24.4 FUNCHIONAI HESCIIPTION. ...ttt bbb b bbb bbbtttk b bttt 338
24.4.1  Clock select and divide CONLIOL..........ciiiiiiieiiiiee bbb 338
24.4.2  InpUt SEIECt and PIN CONTIOL......c.oiiiiiiice ettt 339
24.4.3  HAIOWAIE TR ... iteeeitiietie etttk b bbbk bbb bbbkttt bt 339
2444 CONVEISION CONMIOL..c...iititiiiiititetiiet ettt bbb bbbt b ettt 340

24441 INTEIALING CONVEISIONS. ... ittt bbbttt ettt ettt abe e e 340
24442  COMPIELING CONVEISIONS. .....c.viuieiiitieiite ittt ettt bbbttt bbbt 340
24.4.4.3  ADOITING CONVEISIONS. .....cuiiuietiiteiteetestestesteste e e et esae e e e esaetesteeseebesbesbesbestesre st ebesee st essesseneenearenneans 341
24444  POWET CONTIOL....iiiiiiitiiieti ittt b bbbttt ettt nes 341
24445  Sample time and total CONVErSION tIME.........coiiiiiiiiiiiiee e 341
24,45  AUtOMALiC COMPAIE TUNCLION. ... ...ciiiiiiti ettt st et se s eeseeaeereetearesbesrestesreaes 343
P R o | @ N o o PO OSSPSR 344
2447  MCU Wait MOUE OPEIALION. .....c.eivetiiteiiiteiiitet ittt ettt et b et b et b et b et eb etk ek e e bt et e ab e an e aneneas 348
24.4.8  MCU StOP MOUE OPEIALION. .. .cviiiiiriereeteetiete s e ste ettt et e st et e e e e eseetesteabesbesbesbe st e besee s esee s e s enseseeneesaerenreans 348
24481  Stop mode With ADACK diSaDIEA..........ciriiiiiiiiieee e 348
24482  Stop mode With ADACK €NaADIE.........cooiiiiiiicc e 348

24.5 INItIAliZAtION INFOIMALION. ... ..iuiiiitecie ettt bbb bbb bbb bbb 349

24.5.1  ADC module initialization EXAMPIE. ..ottt 349
24511 INTLIAlIZAtION SEQUENCE. ... ..eiiiitiietc ettt abe e 349

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

20

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
24512  PSEUAO-COUE BXAMPIE. ......oiiiiiiiieiiie bbbttt 350

24.5.2 ADC FIFO module initialization eXamPIE...........oiiiiiiiicee e 350
24521  PSEUO-COUE EXAMPIE......iiiiiiiiicice ettt sttt e eereebe e re s resrenre e 351

24.6  APPHCALION INTOIMALION. ......euiitiiitiiie ettt ettt et e et b et b et b e st b et bttt ettt et 352

24.6.1  EXEErnal PiNS aNd FOULING.......ooveiiieiitiiitei it b et b ettt bbbttt 352
24.6.1.1  ANAIOG SUPPIY PINS..ciiieiieiiiiiiii ettt sttt et e et e reereerenrs 352
24.6.1.2  ANAIOG refErENCE PINS.....cuiieieieeeieee ettt 352
24.6.1.3  ANAIOG INPUL PINS....ouiitiiitiiiiie bbb bbbttt 353
24.8.2  SOUICES OF BITON . .uieetieetiitetiit ettt ettt e s et e et s b s bbbt b et b e bt ettt n bbb 354
T R - Vo T o] T =T o OO OSSPSR PR 354
24.6.2.2  PINTEAKAGE BITON. ...ttt bbb bbbttt 354
24.6.2.3  NOISE-INAUCEA BITOIS......cuiuiiieteieisiet ettt ettt bbbt bbbt b bbbttt 354
24.6.2.4  Code width and qUANTIZALION BITON..........ciiiiiiieieree et 355
24.6.2.5  LINEAIIEY BITOIS.....eueitieititetitee itttk bbbt b et bttt 356
24.6.2.6  Code jitter, non-monotonicity, and MiSSING COUES..........ccvivviiiiiiiiiiere et 356
Chapter 25
Analog comparator (ACMP)

25,1 INETOTUCTION. ...ttt bbbt b b e b e b b E e bbb bbb bbb bt b bbb b ettt 359
25,11 FRATUIES. ..ttt ettt h bbb h b h R R R R R R R R R R R b bRt n e e ane s 359
25.1.2  MOGES OF OPBIALION. ....cuieieitieeit ettt bbbt b et bbb bbbt bbbttt 359

25.1.2.1  Operation iN Wait MOGE..........coviiiiiiie et sttt st e s raens 360
25.1.2.2  Operation iN STOP MOUE.......ciieiieiieiie ettt sttt 360
25.1.2.3  Operation in DEBUG MOGE. ........cuiuiiiiiiiiieisies et bbb n e 360
AT T =1 (o 1o Qo [T Vo | Uy o PSSR 360

25.2 EXtErnal SIGNAL AESCIIPIION. .....c. vttt bbbt s bbb sttt bbbt 361

25.3 Memory map and register efiNITION. ...ttt 361
25.3.1 ACMP Control and Status RegiSter (ACIMPX_CS).......ciiiieiiiieie ettt ve st e sre e e 362
25.3.2  ACMP Control RegiSter 0 (ACMPX_C0)...cvcvierieiierieieriesiesiesiesaesaeesessessessessesse e ssesseseessessessesesssassssessessenses 363
25.3.3  ACMP Control RegiSter 1 (ACMPX_CL).....cociiiiirieirieiiteiesieieie ettt 363

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 21



h o
g |

Section number Title Page
25.3.4  ACMP Control RegiSter 2 (ACMPX _C2)....vciieieiireiesiesiesieseeeeseees e sre e e sae e tesaesae e saessesseseesaesassessessenees 364

25.4  FUNCHIONAI HESCIIPTION. .....vieititeti ettt b bbb bbb bbbt b ekttt 364

25.5 Setup and OPEration OF ACMP...... ..ottt h et b e bt bbb b b e bt n e nes 365

25,8 RESBLS... .ttt E e E R R R R e Rt R et E e e R r e ar et r e e r e e r e ne e 366

25,7 INEEITUDES ...ttt bbbt bbb b h b e e Ao h e R R R R E R R R R R e bt n e ene s 366

Chapter 26
FlexTimer Module (FTM)

26,1 INEFOTUCTION. ...ttt bbb bbbk £ e E £ e b E b bbb e bt e b bt b e b e e bt bt ket ettt n et 367
26.1.1  FIeXTIMEr PRIIOSOPNY ... .ottt b bbbt bbb bbbttt eneans 367
26.1.2  FRAIUIES......eite ettt et e E e R Rt Rt Rttt 368
26.1.3  MOGES OF OPBIALION. ....cuitiiitiei ittt bbbt bbbt bbbkt b bbbttt 369
P T S =] oot o [ o [ o S PUSP ST PSSTRS 370

A Y IS T Tt L L= ol €3S 372

26.3 Memory map and register efiNITION. ... ... bbbttt 372
26.3. 1 IMIBIMOIY IMAP ... ettt ettt ettt ettt b etk s e b es e b e e s st e bt et e e b e e ke e he e AR e 4R e e b e e R b oAb e e s b e e b e e a bt eb e et e ebe e bt e seeabe e e e nbe et 372
T T = (=T 115 (= o (=TT od o (o] OSSR 372
26.3.3  Status ANd CONLIOL (FTIMIX_SC)...cuiuiitiiiiiiiiiieieieie ettt 376
26.3.4  COUNTET (FTIMX _CNT ) iitiiiitiieieiee ettt bbbt bbb bt b e b e bt e bt e bt e bt e bt b e b e ne et et e e e st abeebeabeabe s 378
26.3.5  MOAUIO (FTIMX_IMOD) ..o eeeeeseeeeeeseee e ee e eesee e ee e eeseee s ee s eeseees e s s s es e ee e eeseees e es e eeeee s 378
26.3.6  Channel (n) Status And Control (FTIMX_CNSC).......ciiuiiiiiiiiiiieiiiieinieieneeesee e 379
26.3.7  Channel (N) ValUE (FTIMX_CNV)...ui ittt sttt sttt ettt e bt b et nte s et e e e et aneens 381
26.3.8  Counter Initial Valug (FTIMX_CNTIN).....coiiiiiiiiieiiet ettt e s ba e re st ettt e e e ene e 382
26.3.9 Capture And Compare Status (FTIMX_STATUS).....coiiiiiiiiiresesete s 383
26.3.10 Features Mode Selection (FTIMX_IMODE)..........ccoiiiiiiiiieiieiseee e 385
26.3.11 Synchronization (FTMX _SYNC). .o ittt b et bbb bt et et eb e e b e be b 386
26.3.12 Initial State For Channels Output (FTMX_OUTINIT)....ccvoiiiiiiiiiiiiie e 389
26.3.13 Output Mask (FTMX_OUTIMASK)......couiiiiiiitiietiet ettt bbbttt 390
26.3.14 Function For Linked Channels (FTMX_COMBINE)........ccooiiiiiiiiiiiieie e e 392
26.3.15 Deadtime Insertion Control (FTMX_DEADTIME)........ccciiiieiiiieieiee ettt e v 397

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

22

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
26.3.16 FTM External Trigger (FTMX_EXTTRIG).....cciiiiiiiieiirieieieet e e ettt a s enasrassesnens 398
26.3.17 Channels Polarity (FTIMX_POL)........oouiiiiiiiiiitiiieiie ettt 400
26.3.18 Fault Mode StatuS (FTIMIX_FIMS) ..ottt bbb ettt ettt eb bbb 402
26.3.19 Input Capture Filter Control (FTMX_FILTER)......c.ciiiiiiieiceie e 404
26.3.20 Fault Control (FTMX_FLTCTRL)...c.ciitiiiiiiteeite ettt e 405
26.3.21 Configuration (FTMX_CONF)... ..ottt et s et b et eb et et et e b e et et eseenes 407
26.3.22 FTM Fault Input POIarity (FTIMX_FLTPOLY ... veeoveeeeeeeeeeeeeeeseeesseeseseesseesseesseesesesseesssesseessesssesessssseensesenes 408
26.3.23 Synchronization Configuration (FTMX_SYNCONF)........cccriuiriiiiiiireiiiieie et 410
26.3.24 FTM Inverting Control (FTMX_INVCTRL).....couitiiiiiiiiitciieie s 412
26.3.25 FTM Software Output Control (FTIMX_SWOCTRL).....cccuiiiiiiiirie et 413
26.3.26 FTM PWM L0ad (FTMX_PWIMLOAD)........cctiieiiieiinieisieisiesestes ettt abe e eabe s snenennens 415

26.4  FUNCHIONAI HESCIIPTION. ... vttt bbb bbb bbbt b et bbbt bbbttt 416
26.4. 1 CIOCK SOUICE. ......eitieiteietiit ettt bbbt b e bbbt h bt b st e bt e bt b et eb et eb et b e bt e bt nr e an et an e 417

26.4.1.1  COUNET CIOCK SOUFCE. ....c.vuviiieiiieteiii sttt 417
26.4.2  PIESCAIRT ...ttt bbb b b e b e b bR b E bR b bt bt b et ne et n et 418
26.4.3  COUNTET...eetiitiiete et b bR E e E e bbb e 418
B 50 A U o I oo U] o1 T S 418
26.4.3.2  UP-0OWN COUNTING. .. tetttettiteiiitet sttt sttt bbbttt ettt et 421
26.4.3.3 FrEE FUNNING COUNTET ...ttt b bbb bttt e st e b e b ane s 422
26.4.3.4  COUNTET TBSEL......ecuiieeieireeete ettt sttt e r et r et ne et enr et e an e nn e nn e e r e ere e 423
26.4.35  WHEN the TOF DIt IS SEL....c.viiiiiiiiiiieiie ettt 423
26.4.4  INPUL CAPIUIE MOTE. ... itttk h et b bbbt bt e b e b e bt b et e e b es b e s e e st eb e eb e e bt e bt ebeebesbesbennas 424
26.4.4.1  Filter for INpUt Capture MOE.........cviiiiiiie ettt esreeresrenren 425
26.4.5  OULPUL COMPAIE MOTE.......e.iieeiitiieett ettt bbbtk ekt ekt b bbbt b et eb e e eb et eb e e et e e et e ebennebe e 426
26.4.6 Edge-Aligned PWM (EPWM) MOE........ccoiiiiiiiiieitiiie ettt sttt be bbb 427
26.4.7  Center-Aligned PWM (CPWM) MOE.........coueiiieieiiisesesesesteste e st e e sae s esaesaesas s asas e s e ssessessessessesaeseensenens 429
26.4.8  COMDINE MOUE.......cceiitiiteieieete ettt bbb bbb st b e b et bt b et e bt bbbt b e bbb bbb 431
26.4.8.1  ASYMMELNICAI PWIML...c.oiiiiiiiiiiieee ettt ettt bt 438
26.4.9  COMPIEMENTANY MOUE......coiiiiieiei ettt e s s e e Re et e e teebe s besbesbeste st e besee s ent e e e e aneereans 438

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 23



h o
g |

Section number Title Page
26.4.10 Registers updated from WIIte DUTTEIS........ooiii e 439
26.4.10.1  CNTIN regiSter UPGALE........c.ciiireiiriiitiieete ettt eb ettt nr e sn e anes 439
26.4.10.2  MOD FegiStEr UPAALE. .....ueiveiviriiireieiieteieeeaete e e s e ste st e ste s e st e s tesae st et e ae s essesaeseaseaseerestesrestesresrens 440
26.4.10.3  CNV TeQISIEr UPUALE.......eeitiieeiietiieetiet ettt bbbttt 440

26.4.11 PWM SYNCNTONIZATION. .....cvttieiitiicti it b bbbttt 441
e O R o - V(0 VT =0 o o L SRRSO 441
26.4.11.2  SOTIWAIE TrIgOET ..ottt b e bbbttt ettt et 442
26.4.11.3 Boundary cycle and 10adiNg POINTS. .......ccieiieiiiriieise e 443
26.4.11.4  MOD register SYNCRIONIZATION.........coveieiircrce et ns 444
26.4.11.5 CNTIN register SYNCRIONIZATION. .......ccceiiieiiieisieeseee et 447
26.4.11.6 C(n)V and C(n+1)V register SYNCArONIZatioN. ........ccoervieriiieniiiniisiei e 448
26.4.11.7 OUTMASK register SYNChrONIZatiON.........cccovevveiieiieieieisiese et a e e e e e s e 448
26.4.11.8 INVCTRL register SYNCRIrONIZALION. .......cccoviiiiiirieiirieisieesee et 451
26.4.11.9 SWOCTRL register SyNCRIONIZALION. .........c.eviviiiiiiiieicie e 452
26.4.11.10 FTM counter SYNChIONIZALION. .......ccciiiiiiiiic ettt et 454

26.4. 02 INVEITING. ...ttt ettt ettt b st h st b e b e eh e e eb e £ e bt e e e b e e e b e e b e R e e b e Rt e R e Rt b e e btk ekt ne et e ebe et e 457
26.4.13  SOFtWare OULPUL CONTIOL........oeiiiiiiiiitciitce ettt bbbt b ettt e et r et sr et ab e an e 458
26.4.14 DEAALIME INSEITION. ... ..vtitieiitetee ettt b bbb bbb bbbt bbb s bbb bbbt n bt e arane 460
26.4.14.1  Deadtime iNSEItION COMMEE CASES......cuiuiirierirtereateeateesteseetesee ettt ese st sttt et ab e s nnene s 461

26.4.15 OULPUL MASK.....tieetiieett ettt bbb bbbt b bbb bbbt bbbt b et b e 463
26.4.16  FAUIT CONMIOL......eivtieiiieet ettt bbb bbb bbbt b et n bt nn s 464
26.4.16.1  AULOMALIC TAUIL CIEAITNG....e.veviiieiiieee et 466
26.4.16.2  Manual fault CEAITNG. ..ot ar e 466
26.4.16.3  Fault inputs Polarity CONIOL..........ccociiiiiiiie e 467

26.4.17 POIAIIEY CONTIOL. ..ottt b bbbt e b ekttt st et e et et eb e st e b e abereebe e 467
26.4.18  INTHAIIZATION. ...ttt bbbt bbb bbb bbbttt 468
26.4.19  FRATUIES PIIOTILY . ecviiviiiiitiitiieitet et et e e et e e s e st e st et st e st et e se et e st e e e e esseseeseessebeebeebeebesbesbe st e betesnenbesse e ensansaraareareas 468
26.4.20 Channel trIgQEr OULPUL..........uiutiieieiteieitee ettt ettt b ettt b et b et ebe ettt st et st et e ebesnereanere s 469
26.4.21  INTAIIZATION TIIGGET ...t eveitit ittt b bbb bbb bbb bbbt b et e et 470

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

24

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
26.4.22  CaPLUIE TESE MOUE. .. .ttt ettt bbb bbbt bbbt ket b et ekttt b e 472
26.4.23 Dual EAQE CaptUre MOUE.......cveiiieeiiiteiiitet sttt bbbt bbbt b ettt bbbt b 473

26.4.23.1  ONE-Shot Capture MOUE. ......ccveiieieierieiee ettt sttt e b e teareebesbe b e st e ste st e e e b e nenes 474
26.4.23.2  CoNtiNUOUS CaPLUIE MOUE. .....c.viuiriieriiiieiiiete ettt ettt 475
26.4.23.3  PUISE WIlth MEASUIEIMENT.....c.oitiiiitiiiieiie ettt 475
26.4.23.4  Periot MEASUMEIMENT........iviveriiiietetesiristetei sttt sb bt bbbkt ne b bttt bbb 477
26.4.23.5 Read CONErenCy MEChANISM.......civiiiiice et 479
26.4.24 DEDUQG MOTE.......ceitieete ittt ek bbb bbb h bbbt b et b et b et b bbbt b et b et 480
26.4.25 INEErMEAIALE 0B, ... ..ot b bbbt 481
26.4.26 GlODAl tIME DASE (GTB)...c.eiveeiriiieiiiteisteiet ettt ettt bbbttt bbbttt n e 483
26.4.26.1 Enabling the global time Dase (GTB).......ccoiiiiiiiiiiiiieiiee e 484

26.5 RESEE OVEIVIBW. ...ttt bbbttt b b0 E b e b b h £ b b £ bbb bbbt bbbt b bbb n bt 485

26.6  FTIM INTITUPES. ..otttk h bbb bbbt et e st h e bt bbbt b e bbbt bt b et et n e 486
26.6.1  TImMer OVEITIOW INTEITUDL......c.vitiiitiiitiiec ettt bbbt bbbttt 487
26.6.2  Channel (N) INEEITUPL.....c.viiiiice ettt b e et et e st e st et e b et et e e e s esseseeseeneetaeteabesbesrestenrentas 487
26.6.3  FAUIT INTEITUDT....eceeeeeeeeeee ettt etttk et bbb bbbt b et e bt e b et eb et et e st et e neebeanerennereas 487

26.7  INITIAHZATION PIOCEUUIE.......eeieie ittt bbb bbbtk bbb bbbttt ettt 487

Chapter 27
Pulse Width Timer (PWT)

27. 1 INEFOTUCTION. ...ttt ettt bbb bbb bbbt e b £ b £ e b E e E e bbb e bt e b b e b e b e e bt b et bttt 489
2711 FRAIUIES. ...ttt bbb bbb R R bbb e 489
27.1.2  MOGES OF OPBIALION. ...ttt b bt b et e st s bbbt e bt en e s 489
27. 1.3 BIOCK GIAGIAM... ettt b bbbt b bbb b bbb b e b s bbb e bbbt e bt et ne et nn et 490

WA oAVl BT To gL (=TSt o] o] PO TSRS 491
27.2.1  PWTIN[3:0] - Pulse Width Timer Capture INPULS..........ccooiiriiriiiieesee e 491
27.2.2 ALTCLK- Alternative Clock SOUICe FOr COUNLET.........cviiiiiiiiiiitiiiteit s 491

27.3 Memory Map and REQIStEr DESCIIPLIONS. .......cvcviiiieteieieste e seste et e e e s ete et e e teebeste s be st e besre b et e ee s ensesaesaanearesreans 491
27.3.1  Pulse Width Timer RegiSter 1 (PWT_RL)....ccoooiiiiiiieieieiee et 492
27.3.2  Pulse Width Timer RegiSter 2 (PWT_R2).......ciiiiiiiieiieie ettt 494

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 25



h o
g |

Section number Title Page
27.4 FUNCHIONAI DESCIIPIION. ...c.ttettiteteiteiete ettt b bbbtk £ ket b e e bt bbb e bt e bRt e b e st e b e st b ettt ettt n et 495
27.4.1  PWT Counter and PWT CIOCK PreSCAIE..........ccuiuiriiiiiiiieciitiisiest et 495
27.4.2 Edge detection and Capture CONIION .........cooiviiiiiiicicece et sttt sttt e e reens 495

27.5 RESEL. ...ttt E L E R E bR oA R R R R R £ R R R R R bt eh Rt h bt b e n e r b nne 499
27.5. 1 GBNEIAL.....cui ettt bbb b bR R e b e E b h R R b bt b ettt n bt r et 499
27.5.2  DeSCription Of rESEL OPEIATION......c.viieiie ittt te st e be s be b e st e be e e st et et e s eneeseeseeneereers 499

278 INEEITUDES. ...ttt h btk bbb b bt E b £ b H e £t e h e R £ e R R R R R R R R R R et bt e et en e ene s 499
27.6.1  Description Of INErTUPL OPEIATION. ......c.civiuiitiirtiiite bbbttt 499
27.6.2  APPLICALION EXAMPIES......i ittt et et et st s b et st e st et e e e s est e s e eseeReereereebeetesrearearearn 500

Chapter 28
Periodic Interrupt Timer (PIT)

28,1 INITOTUCTION. ...ttt b e bt b b E b E bbb bbbt bbbt bbbt bbbt 503
28. 1.1 BIOCK GIAGIAM ...ttt ettt b bbbtttk e bt b E e e b e st b e st eb et e b et ebe et et e ebe et e 503
28.1.2  FRAIUIES. ....eeieiittite ettt bbb R R R R R R ettt re s 504

B [0 g o (=T To o1 o) OSSPSR 504

28.3 MemOry Map/regiSter HESCIIPLION. .. ... ittt bbbt b ettt s et s et en ettt abenes 505
28.3.1 PIT Module Control RegiSter (PIT_MCR).......ccoiiiiiiieieeiee e 505
28.3.2 Timer Load Value RegiSter (PIT_LDWVALR).....cciiiioii ettt ba et saeenne e sneanes 506
28.3.3  Current Timer Value RegiSter (PIT_CVALN) ..o e iiree ettt sttt a e sne e snesne s nes 507
28.3.4  Timer Control Register (PIT_TCTRLIN).....coiiiiiiieiieise ettt 507
28.3.5  Timer Flag RegiSter (PIT _TFLGN) .. .o ittt ettt ettt b e bt e b 508

28.4 FUNCHIONAL UBSCIIPIION. .. .ttitiiteteie ettt e ettt st e et e e s e e e sseseeseeRe e b e e besbe et et e ee e et e st e e ensenseseeneaseaneareanentesrenrens 509
28.4. 1 GENEIAI OPEIALION. ... .cuiiitieeti ittt bbbt bbb bbb s bbbkt e b bbbtttk 509

At Nt N I 1111 £ OSSOSO P SO URURURPR RN 509

A B T o 0o I 1410 Lo L OSSPSR 510

28.4.2  INTBITUDES. ...ttt ettt ettt h bbb e etk h Rt bR R R R R r bRttt n e are 510
28.4.3  CNAINEA TIMEIS...... ittt b bbbt b e b e bbbt bbbt b bbbttt 511

28.5 Initialization and application INFOIMALION............ciiiiiie e a e e e resaesresrenrens 511
28.6 Example configuration fOr ChAINET tIMENS..........cii ittt 512

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
26 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
Chapter 29
Real-Time Counter (RTC)

29,1 INEFOTUCTION. ...ttt bbbkttt bbb e b b E b E e E e bbb bbb bt bbbttt b bt 515
29,2 FRATUIES. ... ettt b bt et a bR R R R R R R R bR R AR R R £ R R e R R R R R R e bt en e ene s 515
29.2.1  MOGES OF OPBIALION. ....c.eeieitieiit ittt b bbbt bbb bbbtttk bbbttt bt 515
29.2.1. 1 WAITIMOUE. ...ttt bbbt bbbt b bbbttt 515

20.2.1.2  SEOP MOUES. .. ceeieteiete ettt bbbtk ekttt b et bbb bR bbbttt 516

29.2.2  BIOCK GIAGIAM ...ttt bbbt bt bbbt bbb bt bbbt b et h et b et b et e b b 516

29.3 EXtErnal SIgNal AESCIIPTION. ......ccviiiiiiicieece ettt sttt s et et e e be et e e be s besbe st e bese et e s be s ensesseseeReebeeteabesresresresnens 516
29.4 REQISTET HETINITION. ... vttt h ettt bbbt bbb st h et s ket b ettt b e bt s 517
29.4.1 RTC Status and Control RegiSter (RTC_SC).....cuiiiiiiiiiieiirieii ettt ettt an e 517
29.4.2  RTC Modulo ReGIStEr (RTC_IMOD)........vveeveeeeeeereereeeseoesseeeseseesesessseeessesessesseeesssesseseessseesseeseseesseeesesssens 519
29.4.3 RTC Counter REGISIEr (RTC_CNT) . ittt ettt ettt 519

29.5 FUNCHIONAI HESCIIPTION. ... ettt e bbb bbb bbb bbbt b bttt 520
29.5.1 RTC OPEration EXAMPIE.......cciiiieiiieieeee ettt ste ettt aete et e s te e besbesbe s b e st e be st et este e essenseneeneereerenreans 521

29.6 Initialization/application INFOMMELION...........oiiiiii bbbttt 522

Chapter 30
Serial Peripheral Interface (SPI)

1105 oo 1 Tox 1o o OO OSSPSR PRRPRRPRPRN 523
B0.1.1  FBAIUIES. ..ttt etttk b b h b E bR h R R R R R R R E ettt re s 523

KO 50 |V, [T [=T 3] o] o =T LA o) SRS 524
L0000 T = (oo Qo [T o =11 LSOO USRS 525
30.1.3.1  SPI SyStem BIOCK GIAgIam.....cccoeiiiuiiiiiiieieieetise ettt 525

30.1.3.2  SPImodule BIOCK diagram..........ccccvciieiiiiieiesicsiesie ettt e 525

30.2 EXtErnal SIgNal ESCIIPIION. ..ottt bbbttt bbbt b et b et b ettt 527
30.2.1  SPSCK  SPISEIIAI CIOCK. ......eitiitiiiititiie ettt sttt sttt eb et eebesbeebenreseen 527
30.2.2 MOSI  Master Data Out, SIAVE DA IN.......cciiiiiiiiiiisei e 528
30.2.3 MISO  Master Data IN, SIAVE Data OUL.........ccueieuiiirieiieeciee et stee st ae e ebe s s aeesreesree s sreesreeeres 528
30.2.4  SS SIAVE SEIECT......e ettt R bbbttt et 528

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 27



h o
g |

Section number Title Page
30.3 Memory mMap/register efiNITION. ........ooiiiiiie bbbttt b et eae e 529
30.3.1  SPI Control REGISIEr 1 (SPIX_CL)....eiuiiitiiiiiieeiiieeiisie sttt 529
30.3.2  SPI CoNtrol REGISLEr 2 (SPIX_C2).. ettt bbb ettt ettt b et bbb nas 531
30.3.3  SPI Baud Rate REGISEr (SPIX_BR)......uciiiiiiiiieiiestiie sttt e st ste ettt sae e e e e anaenanrasseanens 532
30.3.4  SPI StatUuS REGISTEN (SPIX_S) ..t eitiietiriitiitiiisieist etttk b et bbbttt 533
30.3.5  SPI Datad REGISIEr (SPIX_D)......uiveeoeeeeeeeeeeeseeeeeseeeeseeeseseseeesseeeessseees s eseeeeeseeeeeseeseseeeeeee s eees e eesee 534
30.3.6  SPI MatCh REGISIEr (SPIX_IM)...iiuiiiiiiiiie ettt ettt sttt sttt sttt e et s e e e neeseebeeneaaeebenre e 535

30.4  FUNCLIONAT HESCIIPIION. ...tttk bbb bbb bbbt b bbbttt 535
B0.4. 1 GBNEIAL.....ceieciee ettt h bbb R R bR R R R R b e Rt b et b e eb e b b 535
30.4.2  MIBSTEE IMOUE. .......eeeieie ettt b bbb b st b bbbt b bttt b bttt 536
30.4.3  SIAVE IMOUE. ...ttt bbbk bbb bbb R bR bbb bbb bbbt 537
30.4.4  SPI CIOCK FOIMMALS. ...ttt b bttt bbb b bbb b bt e b e e bt eb et b et e b e nn et e 539
30.4.5  SPI AU rate gENEIATION......c.iiveierietieeee ettt ettt s e e aeete st e e be st e be st e st e be e e s est e s essenseseereereerenreans 542
30.4.6  SPECIAI TRATUIES. ... .eeviiteiete etttk ek bbbkt b bbbt b bt b s e e bt bt bttt et e 542
30.4.6.1 I T @111 11 | S ST U PP TP PP TPRUPP 542

30.4.6.2  Bidirectional mode (MOMI OF SISO)......ccceiiiiiiierieiiei et 543

30.4.7  EITOE CONUITIONS. ...ttt bbb bbb bt ekttt 544
30.4.7.1  IMOUE TAUIT BITON .. ...eciiieiieec bbbttt ar e en e 544

30.4.8  LOW-POWET MOTE OPLIONS......iuvitirierieseetietesieste e ste st et e e et e s se et e sesseebeete st e stesbeseess et e s s e s ensessesaeneatearesresreses 545
30.4.8.1  SPLIN RUN MOUE. .....coiitiiitiiittieete ettt ettt bbbt b et b et eb e et e et et 545

30.4.8.2  SPLIN WAL MOUE......cooiiiiiiiiiteiit ettt bbbttt bbb 545

30.4.8.3  SPLiN StOP MOE......cuiiiieiiieiieite ettt sttt et e et et e st e s e e e enaeraereaaeaneers 546

0.4, RESEL. ..ttt E R R R R R R R R e R R bRt R b nn e n e nn e 546

L O [ 01 =T 4 U o T T TSP TP U PTUR ORI 547
30.4.10.1  MODRF ... ettt n et 547

L 0 | o o USROS 547

30.4.10.3  SPTEF ...ttt bR bR b e e R e bt R b e bt n b bt e b e bt nreeae e 548

30.4.10.4  SPIMF ... et 548

30.4.10.5  Asynchronous interrupt in lOW-pOWEN MOUES..........ceriiiriierieeise e 548

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

28

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
30.5 Initialization/application INFOIMELION...........ciiiiie bbbttt 548
30.5.1  INILIAlIZATION SEOUENCE. ... .cueiteeeitieeiteeet ettt bbbt bt b bbb bbbt b bbbt bt 548
30.5.2  PSEUO-COUE EXAMPIC.......ciiiiiiieieicte ettt ettt s e b et e e be s be s b e s beste st e st e tesae st esee e ensenseraanearens 549
Chapter 31
Inter-Integrated Circuit (12C)

BLLL INEFOTUCTION. ...ttt bbb bbb E e b b £ bbbt b bt bbbt n bt 553
31111 FRATUIES. ...ttt bbb e bbb R R R R R R R R R R ettt et 553
3112 MOGES OF OPEIALION. ....ceeeeiitiitit ettt bbb bt bbb bbbt bbbkttt bt 554
I T =1 [oTod Qo [T To | Uy o PSSR 554

31,2 12C SIGNAI AESCIIPLIONS. ...tttk et bRt bbb bbbt bbbttt 555

31.3 Memory map/regiSter AETINITION. .........oo it bbbttt 556
31.3.1  12C AdAress REGISIEr 1 (I2CX_AL) i ittt ettt ettt st e s be e s e teesaesteenbeereeeeaneenas 557
31.3.2  12C Frequency Divider regiSter (I2CX _F)....ciiiiaieeie et ettt e e e ene e 557
31.3.3  12C CoNtrol REGISEr 1 (I2CX_CL)..iuiuiiuiiiitiiitiieteieet ettt bbbttt 558
3134 12C SEAtUS TEGISIEr (I2CX_S).urverveerieeeseeeieeesesseeesseeeeseeees s esee s se s ee e 560
31.3.5  12C Data /O regiSter (I2CX_D)..iiciieuerieiieieieese et e e ste st et sttt et e s essesaaseaseabestestestestesreseestesneseenseneas 561
31.3.6  12C CoNtrol REGISEr 2 (I2CX_C2)....uiuiiueiiitiiiteieteiiet ettt bbbttt nes 562
31.3.7 12C Programmable Input Glitch Filter Register (I2CX_FLT)....coceiiiiiiiiiieiiieisiesieee e 563
31.3.8  12C Range Address regisSter (I2CX _RA).....ci ettt sttt a et raate e testesresrenes 564
31.3.9 12C SMBus Control and Status register (I2CX_SMB)........cciiviireiierireeieeieeeeese e seensesaenes 565
31.3.10 12C AdAress REGISIEr 2 (I2CX_A2) ..o ittt bbbttt bbbt 567
31.3.11 12C SCL Low Timeout Register High (I2CX_SLTH).....ccucoiiiiiiiiiie e 567
31.3.12 12C SCL Low Timeout RegiSter LOW (I2CX_SLTL)...ccviiviiiiiesiesieiiesiesiesie e e sre et sne e e snenenens 567

314 FUNCLIONAT GESCIIPIION. ...tttk bbb bbb bbbttt 568
Kt R 1 O o] ()] (ool o | OSSR PO SO UR S PR PSP 568

Kt I A S o |3 | RSP SRSR 569
31.4.1.2  Slave address trANSMISSION. .......eiiteiiieiiieriete ettt sttt b ettt ettt et 569
31.4.1.3  Data trANSTEIS. ...t 570
31414 STOP SIGNAL..cuiiiiieiiiieieie et e et e st e b et ettt e et et e naere e e e reerenrenrens 570

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 29



h o
g |

Section number Title Page
31415  Repeated START SIGNAL......ciiiiiieiiiise ettt 570

31.4.1.6  ArDItration PrOCEAUIE. .....c.ocuiiiiiieie ettt bbbttt 571

31.4.1.7  ClOCK SYNCRIONIZATION. ....cviiieiiieiieitcieie ettt sr et e et e e e reebasbeaaesrenes 571

31418  HaNASNAKING. ... .t eeieiieieiieie e b et bbbttt et 572

31.4.1.9  ClOCK SIrEICNING. ...ttt bbbt b et bbb 572
31.4.1.10  12C divider and NOIA VAIUES..........cooviveiiiieeieii et 572

N B (O F o 1 B To (o[ £SO OSSPSR 573
31421  Master-transmitter addreSSes @ SIaVE-TECRIVET ..........couriiiiiiiiesiee e 574

31.4.2.2  Master-receiver addresses a Slave-tranSMItIer..........coveiririieiieiseces e 574

31.4.3  AJUrESS MELCHING. ...teetetetiite bbbt bbb bt e s et s bbbt b ettt e 575
31.4.4  System management DUS SPECITICATION. .......coieiiiiieiiei e 576
BLAAL  THMEOULS. ...ttt sttt e bt bbb bbbt b bbbttt b et 576

31.4.4.2 FAST ACK QN0 NACK ...ttt ettt et sa et e e e eseaseeseaneaseesesnessensensenes 578

BLiAS  RESEES. ...ttt R R E R R R bbb 578
B I [ 01 (=] 0 (0] T PSPPSR 578
31.4.6.1  BYLe tranSTer INTEITUDL......coveviieeiieeece ettt 579

31.4.6.2  AUAress AeteCt INTEITUPT. ....cviviiiti ettt eb e 579

31.4.6.3 S (0] B C=Tol i [ (=] A (] ) SO PP OT PP 580

31.4.6.4  EXit from loOW-pOWEI/SIOP MOUES........iviiiiiiitiieiiieicne et 580

31.4.6.5  ArDItration 1St INTEITUDL......c.oiviiiiiiei et 580

31.4.6.6  Timeout INtErTUPT IN SIMIBUS......c.cciiiiiieiiiieicie et sttt e et reaaearears 580

31.4.7  Programmable input gHECH FIITEN........coiiiiic s 581
31.4.8  Address MatChing WaAKE-UPD. ........iiiiiiiteiitiiittet ettt bbbt bbbkt 581
31.5 Initialization/application INFOIMAtION..........cocii it e eebeebeereeaesbesbesnesrenrs 582

Chapter 32
Freescale s Scalable Controller Area Network (MSCAN)

32,1 INETOTUCTION. ...ttt b bbbt b b E b E bbbt b bbb bbb bbbt 587
0 R ] (01 OSSPSR 587
32.1.2  BIOCK GIAGIAM ...ttt ettt b bt bt btk bbb bbb bbbt bbbt bt bt et nn b n b 588

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
30 Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
32.1.3  FRALUIES. ...ttt bbbt bR R R R R R R R R ettt 588
3214 MOGES OF OPBIALION. ....cuitiiitiieetee ettt bbbt bbbt bbbt bbbt bbbt bt 589

32.1.4.1  Normal system Operating MOES.........ccvciviieiiieiiesi i sr et sr et sr e nes 589
32.1.4.2  Special System OPEerating MOUES..........cvreiiriiirieiieiste ettt sb e ebe e 589
32.1.4.3  EMUIGLION MOUES. .. .c.viiiiteiiitiiiiteiite ettt b et bbbttt bbb 589
32.1.4.4  LiSteN-0NIY MOGE.......ciiiiietciee ettt be et et s b et et e et et e e et essereereateerenrenrea 589
32.1.45  MSCAN initialization MOGE.........ooiiiiieiie et 590

32.2 EXTErnal SIGNAT AESCIIPTION. ..o viuitiiiie ittt bbb bbbt bbbttt bbbttt 591
K R 7 N (IR ] <] 1 PP PR PSP 591

32.3 Memory map and regiSter QefiNTTION. ... ..ottt 592
32.3.1  Programmer s Model Of MESSAPE STOTAGE. ... ..cviuiiueiiteiireeiiit ettt bbbt 592
32.3.2 MSCAN Control Register 0 (MSCAN_CANCTLO).....ucciieerieierieiesieie e sttt sttt seeseseere e 596
32.3.3 MSCAN Control Register 1 (MSCAN_CANCTLL) ..ottt es 599
32.3.4 MSCAN Bus Timing Register 0 (MSCAN_CANBTRO)......cciitiiieieieeeeeese et 601
32.3.5 MSCAN Bus Timing Register 1 (MSCAN_CANBTRL).......vvcerveeereerereeeseeeseseeeesesseesseeessseesssesessesesseosssens 601
32.3.6  MSCAN Receiver Flag Register (MSCAN_CANRFLG).......cccoiiiiriiineiieie et s 603
32.3.7  MSCAN Receiver Interrupt Enable Register (MSCAN_CANRIER).........cccoiiiiiiiiinincccsec s 605
32.3.8  MSCAN Transmitter Flag Register (MSCAN_CANTFLG)......cccooiiiiiieiie et 606
32.3.9 MSCAN Transmitter Interrupt Enable Register (MSCAN_CANTIER).......ccooeiriiniiineieieeieesie e 607
32.3.10 MSCAN Transmitter Message Abort Request Register (MSCAN_CANTARQ).......ccoierieriiiiiieiieiennas 608
32.3.11 MSCAN Transmitter Message Abort Acknowledge Register (MSCAN_CANTAAK)......cccccovvvevieieveinennns 609
32.3.12 MSCAN Transmit Buffer Selection Register (MSCAN_CANTBSEL)......cccccotiiiiiiiiiiiieeeee e 609
32.3.13 MSCAN Identifier Acceptance Control Register (MSCAN_CANIDAC).......ccciiiieiineiieisesesese e 610
32.3.14 MSCAN Miscellaneous Register (MSCAN_CANMISC)......cccoviiiiiiieieiieiieieie et 611
32.3.15 MSCAN Receive Error Counter (MSCAN_CANRXERR)......cciiiiiiiiiiseises e 612
32.3.16 MSCAN Transmit Error Counter (MSCAN_CANTXERR)......cccoiiiiiiiiiiiinictiie e 613
32.3.17 MSCAN ldentifier Acceptance Register n of First Bank (MSCAN_CANIDARN).......cccoceiieiniiniiiiienenene. 613
32.3.18 MSCAN Identifier Mask Register n of First Bank (MSCAN_CANIDMRN).......ccccovviviivrinrierieneneseseenieseens 614
32.3.19 MSCAN Identifier Acceptance Register n of Second Bank (MSCAN_CANIDARN).......cccovvviniriniiiieninnnn. 615

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

Freescale Semiconductor, Inc. 31



h o
g |

Section number Title Page
32.3.20 MSCAN Identifier Mask Register n of Second Bank (MSCAN_CANIDMRN).......cccovivvirieienererienieeennes 616
32.3.21 Receive Extended Identifier Register 0 (MSCAN_REIDRO).........cccciiiiiiiniiiriiinieisicsesieee s 616
32.3.22 Receive Standard Identifier Register 0 (MSCAN_RSIDRO)........cccviiiiiiiieiieiese et 617
32.3.23 Receive Extended Identifier Register 1 (MSCAN_REIDRL)......cccoviiiiiiisesn e 617
32.3.24 Receive Standard Identifier Register 1 (MSCAN_RSIDRL).......cccoiiiriiiiiiieiieieie et 618
32.3.25 Receive Extended ldentifier Register 2 (MSCAN_REIDR2)........cccoiiiieieiie et 619
32.3.26 Receive Extended Identifier Register 3 (MSCAN_REIDRS3)......ccccoviiiiiiiiiiieiesesesie e 620
32.3.27 Receive Extended Data Segment Register N (MSCAN_REDSRN)........cooiiiiiiiiinienense e 620
32.3.28 Receive Data Length Register (MSCAN_RDLR).......ooiiiiiiiiieeesee e 621
32.3.29 Receive Time Stamp Register High (MSCAN_RTSRH)......ccooiiiiiiieicseerse e 621
32.3.30 Receive Time Stamp Register LOW (MSCAN_RTSRL)......ccoiiiiiiiiiiie e 622
32.3.31 Transmit Extended Identifier Register 0 (MSCAN_TEIDRO).......cccoiiiiiiiiiiiie et 623
32.3.32 Transmit Standard Identifier Register 0 (MSCAN_TSIDRO).......ccciuiiiiiiiiereseneseseesiee e e e sse e e seenes 623
32.3.33 Transmit Extended Identifier Register 1 (MSCAN_TEIDRL)......ccooiiiiiiiiiiiiiiieisiee e 624
32.3.34 Transmit Standard Identifier Register 1 (MSCAN_TSIDRL).....c.cccoiiiiiiiiiiiiiiene e 625
32.3.35 Transmit Extended Identifier Register 2 (MSCAN_TEIDR2).......cccccviiiiieiiiiie e seeieee e e e 626
32.3.36 Transmit Extended Identifier Register 3 (MSCAN_TEIDR3)......ccocviiiiiiiiiiiieisie e 626
32.3.37 Transmit Extended Data Segment Register N (MSCAN_TEDSRN).......cccooiiiiiiiiiiiece e 627
32.3.38 Transmit Data Length Register (MSCAN_TDLR).....c.coiciiiiiiiciie sttt 627
32.3.39 Transmit Buffer Priority Register (MSCAN_TBPR).......ccuiiiiiiiiiiiiniesee e 628
32.3.40 Transmit Time Stamp Register High (MSCAN_TTSRH).......ccioiiiiiiiiiieiereie s 629
32.3.41 Transmit Time Stamp Register LOW (MSCAN_TTSRL).....ccviiiiiiiiiiiierieieeieieiess et e e 630

324 FUNCLIONAT GESCITPIION. ...tttk bbbk b bbb bbb bbbttt 631
32.4. 1 IVIESSAGE SEOTAGE. ... eeuveteetiatteteesteett et e ate et s he e bt ebeesbe e st ekt e s e ke e s b e b £ e R b e eb £ 2R b e eh e e bt e Re ekt e R e e eR e e Re e e b e e s b e bt e R b e bt e renn e 631
32.4.2  Message transmit DACKGIOUNG..........coiiiiiiieicce ettt e re et e resresre e e 632
32,43 TTANSIMIE SEIUCKUIES. ...ttt etttk b bbb bbbt £t s bbbt b et bbbt e 632
3244  RECEIVE SITUCIUIES. .. ..ttt bbb bbb bbbt bbbt 634
32.4.5  1dentifier aCCEPLANCE FIILEI ... ..ottt e e e s 635

32451  Protocol Violation ProteCHION..........ceiiiiiiiiiiei e 638

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

32

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
32,452 CIOCK SYSLEIM.....eiiiitieiciiiettet bbbttt bbbttt 639

32486 LOW-POWEE OPTIONS. ...ttt etttk etttk b bbbttt bbb 641
32.4.6.1  Operation iN FUN MOUE. .......ccveiieiieteite e steste et et e e e e e e e s e s e stesbeste st e ste e e sseste e e s esserearearesresresrens 642

32.4.6.2  Operation iN WAt MOGE. ........coviuiiiiiitiieeie ettt et ettt b et sberesb e b e enes 642

32.4.6.3  Operation iN STOP MOUE........c.uiuiiiiirieiit ettt bbbt 642

32.4.6.4  MSCAN NOMMAI MOUE......ciiiiiitiiiiiiiteit ekttt 642

32.4.6.5  MSCAN SIEEP MOUE. ... ettt bbbttt ettt et 643

32.4.6.6  MSCAN POWET JOWN MOUE. .......iuiiiiiiiiiiiiteeet ettt bbbttt 644

32.4.6.7  DiSADIEA MOUE. ....c.iiieiiiiiietet bbbt 645

32.4.6.8  Programmable wake-Up fUNCHION. ..ot 645

32,47 RESELINITIAIIZATION. ...ttt bbbt bbbttt bbbt 645
o T [ 01 =] 0 (0] 1 T PSPV UP PP 645
32.4.8.1  Description of INtErrupt OPEIatioN...........ciiiiiiiiiirieirieisee et 646

32.4.8.2  TranSMIL INEEITUPDL. ..ottt bbbttt 646

32.4.8.3  RECEIVE INTEITUPL.....cuviiiiee ettt ettt e st e st et e s be st e besae st et et e e ensenseseeneanens 646

32.4.8.4  WWAKE-UDP INTEITUDL....cveiteiiiteicteeete ettt ettt ettt sttt sb bbb e b e b 646

32.4.8.5  EITON INEEITUDL. ...ttt bbbttt bbb bbbttt 647

32.4.8.6 INErTUPE ACKNOWIBAGE. ... ..cviieciece e ettt s 647

32.4.9 Initialization/Application INFOrMALION. .........oiiiiii e 647
32.49.1  MSCAN INITIAHZATION. ....ccviiitiiceeiee ettt er e 647

32.4.9.2 BUS-0 T FECOVEIY ... ettt ettt et et e st et e e ne e s te e reesteeeesreeaenreesee e 648

Chapter 33
Universal Asynchronous Receiver/Transmitter (UART)

33LL INETOTUCTION. ...ttt bbb bRt E Rt e bbb bbbt b bbb bbb 649
33.1L1 FRATUIES. ...ttt bbbt bbb R R R R R R R R R e r et e ettt 649
3312 MOGES OF OPEIALION. ....cettieitieiit ettt bbbt bbb bbbtk bbbttt bt 649

K1 T80 T =1 (o 1o Qo [T Vo | Uy o PSSRSO 650

33.2 UART SIGNAl UESCIIPIIONS. ...ttt ettt ettt b bbbt b et e bt b et bttt st ekt sttt ettt sbebesbeneabereanas 652
33.2.1  Detailed Signal AESCIIPLIONS. .......c.iiteiitiiitiieieet ettt bbbttt en e 652

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
Freescale Semiconductor, Inc. 33



h o
g |

Section number Title Page
33,3 REGISTEN GEFINTTION. .. .ceititiitiie bbb bbb bbb bbbt b st bttt 652
33.3.1 UART Baud Rate Register: High (UARTX_BDH)......cccccuiiiiiiiiiiciiesee e 653
33.3.2 UART Baud Rate Register: LOW (UARTX_BDL)......cccouiiiiiiiiiiie ettt 654
33.3.3  UART Control RegiSter 1 (UARTX_CL)..ciiiiiiiiiieieiesiesiesiesteie e s e erese e ste e ste st ste st s esaeae s enaenassasssssassenns 655
33.3.4  UART Control REGIStEr 2 (UARTX_C2)....cueiieiiteieieiieie ettt 656
33.3.5 UART Status Register 1 (UARTX _STL).. ittt sttt bbb st e e s ssesne b 658
33.3.6  UART Status RegIiSter 2 (UARTX _S2)...cuiiiiiciiieieitiie sttt a e te e stesve st stesreste e sae s esaesaenaensesaanaasens 659
33.3.7  UART Control RegiSter 3 (UARTX_C3) ..ottt sttt b 661
33.3.8  UART Data RegiSter (UARTX_D)....ciieiiteiitiiiteieite ettt eb ettt an e anene s 662

33,4 FUNCHIONAL UBSCIIPIION. .. .itiieititeiet ettt ettt s b et e et e s e e e st essebeese et e e beebeabe st e be e e b e st e s ensesseseeneeseeteabesbestesrenrens 663
R A = - 10 (o Y =1 (=0 (=T T=T =L o o OSSO 663
33.4.2  Transmitter fFUNCtIONAl ESCIIPIION. ......c.iiiiiieeiiitci ettt ettt 664
33.4.21  Send break and qQUEUEA TIE...........cvieiicice et st 665

33.4.3  Receiver fuNCLioNAl deSCIIPLION. .......oiviiiiiitecie ettt ettt bbb enes 666
33.4.3.1  Data Sampling tECANMIQUE. ..ottt ettt 667

33.4.3.2  ReCeiver Wake-UP OPEIATION.........civiiiiieieeceeee et ste ettt sttt ettt seenaebeeresbeebesresresrenes 667

33.4.4  INterrupts AN STALUS TIAGS. ... ..o veeireiiieecie bbbt 669
33.4.5  BaU ratl TOIEIANCE. ... . cueteeiit ettt b bbb bbb bbbttt 670
331451 SIOW 0ata tOIEIANCE. ... cviveeiiiiieieie bbbttt 670

33.4.5.2  FASEAALA tOIEIANCE. ......eiuieeeieee ettt 671

33.4.6  Additional UART FUNCHIONS. ...ttt bbbttt 672
33.4.6.1 8- and 9-Dit data MOUES. ..ot 673

33.4.6.2  StOP MOUE OPEIALION. ..ottt bbbt b ettt ettt 673

334.8.3  LLOOP MOGE. ...ttt ettt b bbbtk b bbb bbbt b et bbb 673

33.4.6.4  SINGIE-WITE OPEIALION. ....cueitiitiitiite ettt ettt e et e et et st e st e b e st e st e ae e et e e e e e enseraens 674

Chapter 34
General-Purpose Input/Output (GPIO)

3.1 INETOTUCTION. ...ttt bbbt b bbb b h e E e E £ bbbt b bt b bbbttt 675
BA.1.1 FRATUIES. ...ttt h kbbb b e R R R R R R R R R e n ettt ettt 675

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

34

Freescale Semiconductor, Inc.



h o
g |

Section number Title Page
34.1.2  MOUES OF OPEIALION. ... .tiieitiietiiet etttk b bbbkttt 675
34.1.3  GPIO SIgNAl GESCIIPLIONS. ...ttt ettt bbbt b et b bbbt ne et r e nn b anene s 676

34.1.3.1  Detailed signal deSCriPLiON.......c.civiiiiiiieecs ettt 676

34.2 Memory map and register QefiNTTION. ... ..ot ettt 677
34.2.1  GPIO/FGPIO register DitS @SSIGNMENT.........couoiiiiriitiitcit ettt 677
34.2.2  Port Data Output Register (GPIOX_PDOR).......c.ciuiiiiiieieiieieiese ettt sb e 679
34.2.3  Port Set Output Register (GPIOX_PSOR)......ciuiiieieiiieieesie s se ettt e e s e asessesresnessensenes 680
34.2.4  Port Clear Output Register (GPIOX_PCOR).......ciiiiiiiiisieisieisi ettt 680
34.2.5 Port Toggle Output Register (GPIOX_PTOR).......cciiiiiiie ettt sbe e 681
34.2.6  Port Data Input Register (GPIOX_PDIR)........coiiieiiiiieieie e sese st ste et ste e sa e sas e sa e e srestasaeseessesseseeneens 681
34.2.7 Port Data Direction Register (GPIOX_PDDR)........ccuiiiiiiiiiinieiieisiesie et 682
34.2.8 Port Input Disable Register (GPIOX_PIDR).........ccciiiiiiiiiieesiee ettt 682

34.3 FGPIO memory map and register definitiON.........ccccciiiiiiioiie ettt sttt ens 683
34.3.1 GPIO/FGPIO register DitsS aSSIGNMENT........c.iiiiiiiiiieeiese ettt 683
34.3.2 Port Data Output Register (FGPIOX_PDOR)........ccuriiiiiiiiiiisieisie et 685
34.3.3  Port Set Output RegiSter (FGPIOX_PSOR)........ciuiiiiiiiieiisiesie sttt 685
34.3.4 Port Clear Output Register (FGPIOX_PCOR)......ccccoiiiiieiiiieieeeieete e se sttt as s s e snesne e seesnenes 686
34.3.5 Port Toggle Output Register (FGPIOX_PTOR).......cciiiiiiiriiisieisieisieist et 686
34.3.6  Port Data Input Register (FGPIOX_PDIR)........ooiiiiiieieieeeisese sttt sbe e e 687
34.3.7 Port Data Direction Register (FGPIOX_PDDR).......ccccoiiiiiieiieiieieieiesie e se et saesie et s e a e e e snenees 687
34.3.8  Port Input Disable RegiSter (FGPIOX_PIDR)........ccoiiiiiiiiiisisie e 688

344 FUNCHIONAL GESCIIPIION. ...ttt ittt ettt ettt b ettt s et e st bbbt e b £ e b e bt eb e e b e b e ee et et e e e mteseeseebeebeabeabeabeabenbesaens 688
34.4.1  GENEIal-PUIPOSE INPUL.....cuieuiitiie ittt sttt e et e e be et e be st e st e be st et e st e e e st esseseebeebeebesbesresbestesrensensenensens 688
34.4.2  GENEIAI-PUIPOSE OULPUL. ...ttt sttt bbbttt e bbb bbbt bt b ettt ettt et 688
4.4.3  TOPORT ..ttt ettt bbb bR bt R e R e e e ARt AR e AR £ oAb e R e e R be R e e R bt eE e e bt e Rt e b e eRe e bt eneenreennas 689

Chapter 35
Keyboard interrupts (KBI)

35,1 INEFOTUCTION. ...ttt bbb bbb b £ bbb b e R bbb bbb e e bbbttt 691

3511 FBAIUIES. ..ttt e 691
KEA128 Sub-Family Reference Manual, Rev. 2, July 2014
Freescale Semiconductor, Inc. 35



b -

g |

Section number Title Page
35.1.2  MOUES OF OPEIALION. .....c.eitiiitiieeieeteie sttt b et b st b et b et b e et ettt e et e b et e se et e et e st ane e ebe e enes 691
35.1.2.1  KBIIN WAL MOUE. ...ttt bbbt 691

35.1.2.2  KBIIN StOP MOAES. .....cuveiiiiieiiceie sttt et te et e st e besb et e be st et et e e e e e e eseenes 692

L0 B = (oo T BT =T [ -V PO OO OO PSSRSO 692

35.2 EXErnal SigNals GESCIIPTION. ......c.viviiieiieeti ettt b bbb bbbt bbbttt 692
LT = (=To 15 (< o 10V (o] PO RSSO 693
35.4 MEMOIY MaP 8NU REGISTEIS. ... ecviiitiiete ettt ettt ettt et e ettt b e b st e b et eb et eb e ekt eb e s et e st et e se et e sb et e ebeneanas 693
35.4.1 KBI Pin Enable Register (KBIX_PE)......cc.iiiiiiiiiieiieie et 694
35.4.2 KBI Edge Select RegiSter (KBIX_ES).......ciiiiiiiiie et 694
35.4.3 KBI Status and Control RegiSter (KBIX_SC).....uiiiiiiiiiiiieieieeeeses e e ettt ae s ra e sre s snenes 695
35.4.4  KBI Source Pin REGISIEr (KBIX_SP).......ciiiiiiiiieiiiie ettt 696

35.5  FUNCLIONAT DESCIIPIION. ...ttt sttt b bbbt bbb et e e et e st e Rt e b e e R e eb e e b e e bt eb e et e s bt eb e et et nb et e e e e enn e 696
35.5.1  EAQE-0NIY SENSITIVITY...c.ecviiiictiiese sttt e sttt e st et e te st e et e e et enaeseeneeneeraeneanenrenreaes 697
35.5.2  Edge and [EVE] SENSTLIVITY.......civiuiiiiiitiiitiieti ettt bbbt 697
35.5.3 KB PUIUP RESISION. ...ttt ettt etttk bbb bbb et et ene e s e st eneebe b 697
35.5.4 KB INITIAIIZATION. .....civiiiccie bbbttt 698

Chapter 36

Release Notes for Rev 2

KEA128 Sub-Family Reference Manual, Rev. 2, July 2014

36

Freescale Semiconductor, Inc.



g |

Chapter 1

About This Document

1.1 Overview

1.1.1 Purpose

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

Freescale KEA128 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the KEA128 microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

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

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

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

The following typographic notation is used throughout this document:

Example

Description

placeholder, x

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

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

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

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

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

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

For example, REVNOI6:4] refers to bits 6 4 that are part of the COREREYV field that
occupies bits 6 0 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.
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Chapter 2
Introduction

2.1 Overview

This chapter provides an overview of the Kinetis KEA128 product family of ARM
Cortex -MO+ MCUEs. It also presents high-level descriptions of the modules available on
the devices covered by this document.

The Kinetis EA series MCU is a highly scalable portfolio of 32-bits ARM Cortex-MO0+
MCUs aimed for the automotive markets. The family is optimized for cost-sensitive
applications offering low pin-count option with very low power consumption. With 2.7 -
5.5 V supply and focus on exceptional EMC/ESD robustness, Kinetis EA series MCUs
are well suited to a wide range of applications ranging from body applications, safety
companion chips or generic sensor nodes. In automotive body applications, the Kinetis
EA series MCU is a great option for entry level body controller or gateway module,
window/roof/sun-roof controller, immobilizer or seat/mirror controller just to mention a
few. Please contact Freescale local representatives for suggestion on extremely safety
constrained application. All the members of the Kinetis EA series MCUSs share similar
peripherals and offer several pin-count and memory options allowing developers to
migrate easily to MCUs that take advantage of more memory or peripheral integration.
This scalability allows developers to standardize on the Kinetis EA series MCUs for their
end product platforms, maximizing hardware and software reuse and reducing time-to-
market. The Kinetis EA series MCU is supported by several third party and Freescale
development tools including CodeWarrior, Keil, IAR, Processor Expert and MQX
support. Developers can start designing quickly and easily take advantages of these broad
enabled ecosystems.

2.2 Module functional categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.
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Table 2-1. Module functional categories

Module category

Description

ARM Cortex-MO+ 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 (SIM)

Power management and mode controllers (PMC)
Miscellaneous control module (MCM)

Bit manipulation engine (BME)

Peripheral bridge (AIPS)

Watchdog (WDOG)

Memories

Internal memories include:
Up to 128 KB flash memory
Up to 16 KB SRAM

Clocks

External crystal oscillator or resonator
Low range: 31.25 39.0625 kHz
Highrange: 4 24 MHz
External square wave input clock
Internal clock references
31.25 to 39.0625 kHz oscillator
1 kHz LPO oscillator
Frequency-locked loop (FLL) range: 40 50 MHz

Security

Watchdog (WDOG) with independent clock source
Cyclic redundancy check (CRC) module for error detection

Analog

One 12-bit analog-to-digital converters (ADC) with up to 16 channels
Two analog comparators (ACMP) with internal 6-bit digital-to-analog
converter (DAC)

Timers

One 6-channel FlexTimer (FTM) with full function
Two 2-channel FTMs with basic TPM function
2-channel periodic interrupt timer (PIT)

Real time clock (RTC)

One pulse width timer (PWT)

System tick timer (SysTick)

Communications

Two 8-bit serial peripheral interfaces (SPI)

Two inter-integrated circuit (I2C) modules

Three universal asynchronous receiver/transmitter (UART) modules
One Freescale s scalable controller area network (MSCAN)

Human-Machine Interfaces (HMI)

General purpose input/output (GPIO) controller
Two keyboard Interrupt (KBI)
Interrupt (IRQ)

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-MO+

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

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

Module Description

Architecture and Thumb -2 ISA and is 100% instruction set compatible with its
predecessor, the Cortex-MO core, and upward compatible to Cortex-M3 and M4
cores.

The ARM Cortex-MO0+ improvements include an ARMv6 Thumb-2 DSP, ported
from the ARMv6-A/R profile architectures, that provide 32-bit instructions with
SIMD (single instruction multiple data) DSP style multiply-accumulates and
saturating arithmetic to support single cycle 32x32 multiplier.

Nested vectored interrupt controller The ARMv6-M exception model and nested-vectored interrupt controller (NVIC)
(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.

Asynchronous wakeup interrupt The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
controller (AWIC) 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 I/O port (IOPORT) For high-speed, single-cycle access to peripherals, the Cortex-M0O+ processor
implements a dedicated single-cycle 1/0 port. On this device, fast GPIO (FGPIO) is
implemented on IOPORT interface.

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.

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.

Peripheral bridge (AIPS-Lite) The peripheral bridge converts the ARM AHB interface to an interface to access a
majority of peripherals on the device.

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

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

Module Description
Bit manipulation engine (BME) The BME provides hardware support for atomic read-modify-write memory
operations to the peripheral address space in Cortex-M0+ based microcontrollers.

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 (FTMRE) Flash memory  up to 64/128 KB of the non-volatile flash memory that can
execute program code.
Flash memory controller (FMC) FMC is a memory acceleration unit that provides an interface between Cortex MO+

core and the 32-bit program flash memory. The FMC contains one 32-bit
speculation buffer and one 32-byte cache that can accelerate instruction fetch and

flash access.
SRAM Up to 16 KB internal system RAM, supporting bit operation through BME module or
aliased bit-band domain.

2.2.4 Clocks

The following clock modules are available on this device.
Table 2-5. Clock modules

Module Description
Internal Clock Source (ICS) ICS module containing an internal reference clock (ICSIRCLK) and a frequency-
locked-loop (FLL).
System oscillator (OSC) The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.
Low-Power Oscillator (LPO) The PMC module contains a 1 kHz low-power oscillator which acts as a standalone
low-frequency clock source in all modes.

2.2.5 Security and integrity modules
The following security and integrity modules are available on this device:
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Table 2-6. Security and integrity modules

Module Description
Cyclic Redundancy Check (CRC) CRC generates 16/32-bit CRC code for error detection.
Watchdog (WDOG) The WDOG monitors internal system operation and forces a reset in case of

failure. It can run from an independent 1 kHz low-power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.2.6 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module Description
Analog-to-digital converters (ADC) 12-bit successive-approximation ADC module with up to 16 channels.
Analog comparators (ACMP) Two comparators with support of analog input voltages across the full range of the

supply voltage and CPU interrupt. ACMPO/1 is further capable to trigger an ADC
acquisition and FTM update.

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

FlexTimer modules (FTM) Selectable FTM source clock, supporting separate timer clock up to 48 MHz,
programmable prescaler

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

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

Operation of FTM channels as pairs with equal outputs, pairs with
complementary outputs, or independent channels with independent outputs
Deadtime insertion is available for each complementary pair

Software control of PWM outputs

Up to two fault inputs for global fault control

Configurable channel polarity

Programmable interrupt on input capture, reference compare, overflowed
counter, or detected fault condition

Periodic interrupt timers (PIT) One general purpose interrupt timer
Interrupt timers for triggering ADC conversions

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

Module Description

32-bit counter resolution
Clocked by bus clock frequency

Real-time counter (RTC) 16-bit up-counter

16-bit modulo match limit

Software controllable periodic interrupt on match
Software selectable clock sources for input to prescaler with programmable
16-bit prescaler

Bus clock

IRC clock (31.25~39.0625 kHz)

LPO (~1 kHz)

System oscilator output clock

Pulse Width Timer (PWT) Automatic measurement of pulse width with 16-bit resolution

Separate positive and negative pulse width measurements

Programmable triggering edge for starting measurement

Programmable measuring time between successive alternating edges, rising
edges or falling edges

Programmable pre-scaler from clock input as 16-bit counter time base

Two selectable clock sources, supporting separate timer clock up to 48 MHz
Four selectable pulse inputs

Programmable interrupt generation upon pulse width value updated and
counter overflow

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) Two SPIs synchronous serial bus for communication to an external device.
Inter-integrated circuit (12C) Two 12C modules for inter device communications. Also support the System

Management Bus (SMBus) Specification, version 2. 12C0 supports four wire
interface feature.

Universal asynchronous receiver/ Three asynchronous serial bus communication interfaces (UART) modules with

transmitters (UART) optional 13-bit break, full duplex non-return to zero (NRZ), and LIN extension
support.

Freescale s scalable controller area One Freescale s scalable controller area network (MSCAN).

network (MSCAN)

2.2.9 Human-machine interfaces

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

Description

General purpose input/output (GPIO)

Up to 71 general purpose input or output (GPIO) pins.

Keyboard Interrupts (KBI)

Two KBI modules to support pin interrupts.

Interrupt (IRQ)

IRQ module provides a maskable interrupt input.

2.2.10 Orderable part numbers

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

document.

Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin count Package | Total flash RAM Temperature range
frequency memory

S9KEAZG64AMLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128AMLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40t0 125 C
S9KEAZ64AMLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128AMLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40t0 125 C
S9KEAZ64AVLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128AVLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40t0 125 C
S9KEAZ64ACLK(R) 48 MHz 80 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128ACLK(R) 48 MHz 80 LQFP 128 KB 16 KB -40to0 125 C
S9KEAZ64AVLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128AVLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40t0 125 C
S9KEAZE64ACLH(R) 48 MHz 64 LQFP 64 KB 8 KB -40t0 125 C
S9KEAZ128ACLH(R) 48 MHz 64 LQFP 128 KB 16 KB -40t0 125 C
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Chapter 3
Chip Configuration

3.1 Introduction

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

Module block diagrams showing immediate connections within the device
Specific module-to-module interactions not necessarily discussed in the individual
module chapters

Links for more information

3.2 Module to Module Interconnects

3.2.1 Interconnection overview
The following table captures the module-to-module interconnections for this device.

Table 3-1. Module-to-module interconnects

Peripheral Signal to Peripheral Use Case Control Comm
ent
FTM2 INITTRG, to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
MatchTRG
PIT CHx TIFO,TIF1 to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
RTC RTC Overflow to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
FTMO INITTRG to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
ACMPO CMPO_OUT to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
ACMP1 CMP1_OUT to ADC (Trigger) ADC Triggering SIM_SOPTO[ADHWT]
UARTO TXO0 to Modulated by UART modulation SIM_SOPTO[TXDME]
FTMO CHO

Table continues on the next page...
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Table 3-1. Module-to-module interconnects (continued)

Peripheral Signal to Peripheral Use Case Control Comm
ent

UARTO RXO0 to FTMO CH1 input | UART modulation SIM_SOPTO[RXDCE]

capture

ACMPO CMPO_OUT to UARTO RxD UART RxD Filter SIM_SOPTO[RXDFE]

ACMP1 CMP1_OUT to UARTO RxD UART RxD Filter SIM_SOPTO[RXDFE]

ACMPO CMPO_OUT to | FTM1 CHO input ACMPO output SIM_SOPTO[ACIC]

capture capture
RTC RTC overflow to FTM1 CH1 input RTC overflow SIM_SOPTO[RTCC]
capture capture

ACMPO CMPO_OUT to FTM2 Trigger0 | FTM2 Trigger input SIM_SOPTO[ACTRG] &

FTM2_SYNC[TRIGO]
ACMP1 CMP1_OUT to FTM2 Trigger0 | FTM2 Trigger input SIM_SOPTO[ACTRG] &
FTM2_SYNC[TRIGO]
FTMO FTMO CHO to FTM2 Triggerl | FTM2 Trigger input FTM2_SYNC[TRIG1]
Output
SIM FTMSYNC to FTM2 Trigger2 | FTM2 Trigger input FTM2_SYNC[TRIG2]

ACMPO CMPO_OUT to FTM2 FaultO FTM2 fault input FTM2_FLTCTRL[FAULTOEN]
EXTFT_IN EXTFT_IN to FTM2 Faultl FTM2 fault input FTM2_FLTCTRL[FAULT1EN] | PTA6
EXTFT_IN EXTFT_IN to FTM2 Fault2 FTM2 fault input FTM2_FLTCTRL[FAULT2EN] | PTAY

ACMP1 CMP1_OUT to FTM2 Fault3 FTM2 fault input FTM2_FLTCTRL[FAULT3EN]

EXT_PWT_I PWT_INO to PWT PWT_INO SIM_PINSEL1[PWTINOPS] & | PTD5
NO PWT_R1[PINSEL] or PTE2
EXT_PWT_|I PWT_IN1 to PWT PWT_IN1 SIM_PINSEL1[PWTIN1PS] & |PTBO or
N1 PWT_R1[PINSEL] PTH7
ACMPO ACMPO_OUT to PWT PWT_IN2 SIM_SOPT1[ACPWTS] &
PWT_R1[PINSEL]
ACMP1 ACMP1_OUT to PWT PWT_IN2 SIM_SOPT1[ACPWTS] &
PWT_R1[PINSEL]
UARTO RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] &
PWT_R1[PINSEL]
UART1 RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] &
PWT_R1[PINSEL]
UART2 RX to PWT PWT_IN3 SIM_SOPT1[UARTPWTS] &
PWT_R1[PINSEL]
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Figure 3-1. ADC hardware trigger connection diagram
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Figure 3-2. FTMx/ACMPx/UARTx connection diagram
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Figure 3-3. FTM2 inteconnection diagram
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PWTINO [ 1PWTINO

PWTINL [ JPWTIN1

PWT
PWTIN2 <

PWTIN3

i

UARTO RX|

UART1 RX

| ACPWTS | | UARTPWTS |

I

Figure 3-4. PWT inteconnection diagram

3.2.2 Analog reference options

Several analog blocks have selectable reference voltages as shown in Table 3-2. These
options allow analog peripherals to share or have separate analog references. Care must
be taken when selecting analog references to avoid cross talk noise.

Table 3-2. Analog reference options

Module Reference option Comment/ reference selection
12-hit ADC VREFH To improve ADC performance, VREFH pin is available on 80LQFP and it
VREFL is internally connected to VDDA on 64QFP/LQFP, 44LQFP, VREFL pin is
available on every package.
ACMPO VDDA Selected by ACMPO_C1[DACREF] or ACMP1_C1[DACREF]
ACMP1 Bandgap

3.2.3 ACMP output capture

When set, the SIM_SOPTO[ACIC] bit enables the output of ACMPO to connect to the
FTM1_CHO, the FTM1_CHO pin is released to other shared functions.

When setting the SIM_SOPTO[RXDFE] to 01b, the ACMPO outputs can be selected to
connect to the receiver channel of UARTO. When setting the SIM_SOPTO[RXDFE] to
10b, the ACMP1 outputs can be selected to connect to the receiver channel of UART1.

ACMPO and ACMP1 output is also connected to PWT input2(PWT _IN2), or can be used
as FTM2 trigger/fault input and ADC hardware trigger.
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3.2.4 UARTO_TX modulation

UARTO_TX can be modulated by FTMO channel 0 output. When SIM_SOPTO[TXDME]
is set, the UARTO_TX is gated by FTMO channelO output through an AND gate, and then
mapped to UARTO_TX pinout. When this field is clear, the UARTO_TX is directly
mapped on the pinout. To enable IR modulation function, both FTMO_CHO and UART
must be active. The FTMO_CNT and FTMO_MOD registers specify the period of the
PWM, and the FTMO_COV register specifies the duty cycle of the PWM. Then, when
SIM_SOPTO[TXDME] is enabled, each data transmitted via UARTO_TX from UARTO
Is modulated by the FTMO channel 0 output, and the FTMO_CHO pin is released to other
shared functions regardless of the configuration of FTMO pin reassignment.

X _ %\
UARTO >0 UARTO_TX R\
1
FTMO_CHO D—» 1
PORT LOGIC

Figure 3-5. IR modulation diagram

\H—K

3.2.5 UARTO0/1/2_RX capture

UARTO_RX pin is selectable connected to UARTO module directly or tagged to FTMO
channel 1. When SIM_SOPTO[RXDCE] is set, the UARTO_RX pin is connected to both
UARTO and FTMO channel 1, and the FTMO_CH1 pin is released to other shared
functions regardless of the configuration of FTMO pin reassignment. When this field is
clear, the UARTO_RX pin is connected to UARTO only.
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RX
UARTO < J UARTO_RX

FTMO_CH1 |

FTMO_CH1
0 0_C

Figure 3-6. UARTO_RX capture function diagram

RX signal of UARTO, UART1 and UART2 can be captured by PWT. By configuring

SIM_SOPT1[UARTPWTS], UARTO0_RX, UART1 RX or UART2_RX can be
connected to PWT input 3.

3.2.6 UARTO_RX filter

When SIM_SOPTO[RXDFE] is clear, the UARTO_RX pin is connected to UARTO
module directly. When this field is correctly set, the ACMPO output can be connected to
the receive channel of UARTO. To enable UARTO_RX filter function, both UARTO and
ACMPO must be active. If this function is active, the UARTO external UARTO_RX pin is
released to other shared functions regardless of the configuration of UARTO pin

reassignment. When UARTO_RX capture function is active, the ACMPO output is
injected to FTMO channel 1 as well.

Vs
¥

\\‘—AMAF«/\/—‘

i

ﬁ - UARTO_RX
RX Y
UARTO | | N

+

2 +
‘%
To UARTO_RX

Capture Function  J
RXDFE From Internal or External
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[
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¥’
-
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Figure 3-7. IR demodulation diagram
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3.2.7 RTC capture

RTC overflow may be captured by FTM1 channel 1 by setting SIM_SOPTO[RTCC] bit.
When this bit is set, the RTC overflow is connected to FTM1 channel 1 for capture, the
FTM1_CHL1 pin is released to other shared functions.

3.2.8 FTM2 software synchronization

FTMZ2 contains three synchronization input triggers, one of which is a software trigger by
writing 1 to SIM_SOPTO[FTMSYNC]. Writing 0 to this field takes no effect. This field
is always read 0.

3.2.9 ADC hardware trigger

ADC module may initiate a conversion via a hardware trigger. The following table shows
the available ADC hardware trigger sources by setting SIM_SOPTO[ADHWT].

Table 3-3. ADC hardware trigger setting

ADHWT ADC hardware trigger
000 RTC overflow
001 FTMO init trigger
010 FTMZ2 init trigger with 8-bit programmable delay
011 FTM2 match trigger with 8-bit programmable delay
100 PIT chO overflow
101 PIT chl overflow
110 ACMPO out
111 ACMPL1 out

When ADC hardware trigger selects the output of FTM2 triggers, an 8-bit delay block
will be enabled. This logic delays any trigger from FTM2 with an 8-bit counter whose
value is specified by SIM_SOPTO[DELAY]. The reference clock to this module is the
bus clock with selectable predivider specified by SIM_SOPTO[BUSREF].
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3.3 Core Modules

3.3.1 ARM Cortex-MO0O+ core configuration

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

documentation for this module is provided by ARM and can be found at arm.com.

Crossbar

Debug

Interrupts

switch

ARM Cortex-MO+

Core

Figure 3-8. Core configuration

Table 3-4. Reference links to related information

Topic

Related module

Reference

Full description

ARM Cortex-MO+ core,
rop0

ARM Cortex-M0+ Technical Reference Manual, rOp0

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

System/instruction/data

Crossbar switch

Crossbar switch

Module (MCM)

bus module
Debug Serial Wire Debug Debug
(SWD)
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Miscellaneous Control MCM

3.3.1.1 ARM Cortex MO+ core

The ARM Cortex MO+ parameter settings are as follows:
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Table 3-5. ARM Cortex-M0+ parameter settings

Parameter Verilog name Value Description
Arch Clock Gating ACG 1 = Present Implements architectural clock gating
DAP Slave Port AHBSLV 1 Supports any AHB debug access port (like the
Support CM4 DAP)
DAP ROM Table Base BASEADDR 0xF000_2003 Base address for DAP ROM table
Endianess BE 0 Little endian control for data transfers
Breakpoints BKPT 2 Implements 2 breakpoints
Debug Support DBG 1 = Present
Halt Event Support HALTEV 1 = Present
I/O Port I0P 1 = Present Implements single-cycle Id/st accesses to special
addr space
IRQ Mask Enable IRQDIS 0x0
Debug Port Protocol JTAGnSW 0=SWD SWD protocol, not JTAG
Core Memory MPU 0 = Absent No MPU
Protection
Number of IRQs NUMIRQ 32 Assume full NVIC request vector
Reset all regs RAR 0 = Standard Do not force all registers to be async reset
Multiplier SMUL 0 = Fast Mul Implements single-cycle multiplier
Multi-drop Support SWMD 0 = Absent Do not include serial wire support for multi-drop
System Tick Timer SYST 1 = Present Implements system tick timer (for CM4
compatibility)
DAP Target ID TARGETID 0
User/Privileged USER 1 = Present Implements processor operating modes
Vector Table Offset VTOR 1 = Present Implements relocation of exception vector table
Register
WIC Support wIC 1 = Present Implements WIC interface
WIC Requests WICLINES 34 Exact number of wakeup IRQs is 34
Watchpoints WPT 2 Implements 2 watchpoints

For details on the ARM Cortex-MO+ processor core see the ARM website: arm.com.

3.3.1.2 Buses, interconnects, and interfaces

The ARM Cortex-MO0+ core has two bus interfaces:

Single 32-bit AMBA-3 AHB-L.ite system interface that provides connections to
peripherals and all system memory, which includes flash and RAM.
Single 32-bit 1/0 port bus (IOPORT) interfacing to the FGPIO with 1-cycle loads

and stores.
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3.3.1.3 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 zero.

3.3.1.4 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

3.3.1.5 Caches

This device does not have processor related cache memories, but the flash controller has
an internal 32-byte cache for flash access.

3.3.2 Nested Vectored Interrupt Controller (NVIC) configuration

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

‘é Interrupts
5o PPB Nested Vectored

S8 Interrupt Controller . .

s (NVIC) : :

:

Figure 3-9. NVIC configuration

Table 3-6. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M0+ Technical Reference Manual
Interrupt Controller
(NVIC)

Table continues on the next page...
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Table 3-6. Reference links to related information (continued)

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M0+ core ARM Cortex-MO0+ core
(PPB)

3.3.2.1 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 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Py

olojofofo|oO o|lojofofo|oO o|lojofofo|oO o|lojo|ofo|oO
IRQ3 IRQ2 IRQ1 IRQO

3.3.2.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin, which the NMI signal is multiplexed on, must be configured for the NMI
function to generate the non-maskable interrupt request.

3.3.2.3 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.

Table 3-8. Interrupt vector assignments

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?

ARM Core System Handler Vectors

Table continues on the next page...
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Table 3-8. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC Source module Source description
IPR
register
number?
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
0x0000_0044 17 1 0
0x0000_0048 18 2 0
0x0000_004C 19 3 0
0x0000_0050 20 4 1
0x0000_0054 21 5 1 FTMRE Command complete
0x0000_0058 22 6 1 PMC Low-voltage warning
0x0000_005C 23 7 1 IRQ External interrupt
0x0000_0060 24 8 2 12C0 Single interrupt vector for all sources
0x0000_0064 25 9 2 12c1 Single interrupt vector for all sources
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 UARTO Status and error
0x0000_0074 29 13 3 UART1 Status and error
0x0000_0078 30 14 3 UART2 Status and error
0x0000_007C 31 15 3 ADCO ADC conversion complete interrupt
0x0000_0080 32 16 4 ACMPO Analog comparator O interrupt
0x0000_0084 33 17 4 FTMO Single interrupt vector for all sources
0x0000_0088 34 18 4 FTM1 Single interrupt vector for all sources
0x0000_008C 35 19 4 FTM2 Single interrupt vector for all sources

Table continues on the next page...
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Table 3-8. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC Source module Source description
IPR
register
number?
0x0000_0090 36 20 5 RTC RTC overflow
0x0000_0094 37 21 5 ACMP1 Analog comparator 1 interrupt
0x0000_0098 38 22 5 PIT_CHO PIT CHO overflow
0x0000_009C 39 23 5 PIT_CH1 PIT CH1 overflow
0x0000_00AO 40 24 6 KBI0O(32bit) Keyboard interrupt0(32bit)
0x0000_00A4 41 25 6 KBI1(32bit) Keyboard interrupt1(32bit)
0x0000_00A8 42 26 6
0x0000_00AC 43 27 6 ICS Clock loss of lock
0x0000_00B0O 44 28 7 WDOG Watchdog timeout
0x0000_00B4 45 29 7 PWT Single interrupt vector for all sources
0x0000_00B8 46 30 7 MSCAN MSCAN Rx Interrupt
0x0000_00BC 47 31 7 MSCAN MSCAN Tx, Err and Wake-up interrupt

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

3.3.2.3.1 Determining the field 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 3-9. 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:
NVICIPR2

To determine the particular IRQ s field location within these particular registers:
NVICIPR2 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 bits 22 23.

Therefore, the field locations NVICIPR2[23:22] are used to configure the SPIO interrupts.
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3.3.3 Asynchronous wakeup interrupt controller (AWIC)
configuration

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

Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt -
Controller (AWIC) : :

Figure 3-10. Asynchronous wake-up interrupt controller configuration

Nested vectored
interrupt controller
(NVIC)

Table 3-10. Reference links to related information

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

3.3.3.1 Wakeup sources

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

Table 3-11. AWIC stop wakeup sources

Wake-up source Description
Available system resets RESET pin when LPO is its clock source
Low-voltage warning Power management controller
IRQ IRQ pin
Pin interrupts KBI - Any enabled pin interrupt is capable of waking the system.
ADC The ADC is functional in Stop mode when using internal clock source.

Table continues on the next page...
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Table 3-11. AWIC stop wakeup sources (continued)

Wake-up source

Description

ACMP

Interrupt in normal

12C Address match wake-up

SPI SPI slave mode interrupt

UART UART active edge detect at UART_RX pin
RTC Alarm interrupt

Non-maskable interrupt

NMI pin

MSCAN

MSCAN wake-up interrupt

3.4 System Modules

3.4.1 SIM configuration

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

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-11. SIM configuration

Table 3-12. Reference links to related information

Topic

Related module Reference

Full description

SIM SIM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management
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3.4.2 PMC configuration

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

Peripheral
bridge

Register access

Power Management
Controller (PMC)

Figure 3-12. PMC configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Full description PMC PMC
System memory map System memory map
Clocking Clock distribution

3.4.3 MCM configuration

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

