g |

MC9S08PA4 Reference Manual

Supports: MCO9S08PA4(A)

Document Number: MC9S08PA4RM
Rev 3, 08/2014

<&,

Z“ freescale



MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Contents
Section number Title Page
Chapter 1
Device Overview
Lol INEEOAUCTION. ..ttt et et e h b b bbb et et e et et e st eb e eaeeaeeneebesu et e aennens 23
1.2 MOCU DIOCK QUAGTAIMN.......eiuiieiiiiiiieiieeite ettt ettt ettt et e st e et eshb e e bt e ateea bt e sabeeabeessbeeabeenbeesabeenseesabeenseesabeenbbesnseenne 24
1.3 SyStemM ClOCK QISTIIDUTION. ...ccutitieitiitietieit ettt ettt ettt b et b e s e ea et ea e et eaeesbeemeesbeemeesbeensesbeenteeseenbeeneenseenes 25
Chapter 2
Pins and connections
2.1 DEVICE PIN @SSIZNIMIEIIE. c..cuvevitiretetetetet et ettt ettt ete ettt sae st et et e st et et et e st eaeestebeebeebesae st e besbe st et ensenseneennenteneeueeresuesueas 29
2.2 PIN FUNCHOMS ...ttt et et ea et bbb s et ettt et et ettt eaeea e b eaesa et 30
221 POWET (VDD, VSS).. ettt sttt ettt 30
222 Oscillator (XTAL, EXTAL)...ccuciiiiieirieietieteet ettt ettt bbbt eaes 30
223 External reset pin (RESET) and interrupt pin (IRQ)...c..coouiriiriiiiniiiiiiieictcecetee e 31
224 Background/mode select (BKGD/MS).....cc..oiiiiiiiiiiieieete ettt ettt sttt sttt st naeeea 32
2.2.5 Port A input/output (I/O) pins (PTAS—PTAO).....cueiieeeieeeieeee ettt 33
2.2.6  Port B input/output (I/O) pins (PTBT7—PTBO).....cc.ccceiiiiiiiiiiieiieereeereeeeee et 33
2.2.7 Port C input/output (I/O) pins (PTC3—PTCO)....cccutiiiiiiiiiiieiitetee ettt ettt 34
2.2.8  True open drain Pins (PTBO)......cccuiiiiiiiieit ettt ettt et st sbe st setesbeestesbeennenaeens 34
2.2.9  High current drive pins (PTB4, PTBS).....cc.coiiiiiiii ettt 34
2.2.10  PeriPREral PIMOULS. .....eeiuieiiiteiieeiteetie ettt sttt ettt et et e bt e bt e sa bt e bt e e st e e baeeabeebeesabeenseesabeessbesabeenbaeenseenseenn 34
Chapter 3
Power management
3.1 INEOQUCTION. ...ttt e b s s h b e et e e e 37
3.2 FALUTES. ..ttt ettt h et ettt et e bttt e e h e e et e bt e et e bt e bt e eh et e bt e eh et et e e eha e e bt e bt e e bt e e bt e et e e ehte e bt e nbb e e beenbeeens 37
321 RUNMOMAE. ..ttt ettt ettt et et b bt s et s st b e 37
322 WAL IMOAE. ...ttt s 38
TN B 0] o 15 1T V[OOSR PRSPPI 38
324  Active BDM enabled in StOP3 MOAE.....c.coiiriiiiiriiiiiniieieieeteeteete sttt sttt ettt ettt s 38
325 LVD enabled in StOP TMOAE. ... .ceiuiiiiieriieeieeitie ettt ettt ettt et e st e e sateesbtesate e beesabeeabeesabeenbeesaseenseenanean 39

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 3




h o
g |

Section number Title Page
326 Power modes DERAVIOLS. .......ccoiiiiiiiiiiiiiiiiiic s 39
3.3 Low voltage detect (VD) SYSIEIML...ceiuiiiiitieieitieieetiete et ettt ettt ettt e sttt e saeeeesb e et e e bt enbeebeen b e eseenteesee bt eneenbeeneenaeeneenees 40
3.3.1 Power-on 1eset (POR) OPEIALION. ....cc..iitiiiiriiiiiriiete ettt ettt ettt et sae et bt et st ebesae e 41
3.3.2 LV T@SEE OPETALION. ¢ ..eeutieuireeiteeiteeuttestteeateesiteeatee sttt eatee sttt eabeesateeabeesabeeaseesabeeabeeeateeabeesabesabeesabeenseesaseenseennseanse 41
3.3.3  Low-voltage wWarning (LVW).....coui ettt ettt et sa e ettt e s bt et e bt enaesbeensesnens 41
3.4 Band@ap FEIEIEICE. ... .eoueiuiieiiiiieitete ettt ettt et s b et bt et b e bt e bbbt e h e b e a e b e et e bttt she e et e bee b et e b s 42
3.5 Power management CONLIOl DitS and TEEISTETS. ...ccuutrtierriiitieriiieitie et ettt ettt e st et e et e ebee st e sbeesabeebeesaseenbeesaneenne 42
351 System Power Management Status and Control 1 Register (PMC_SPMSC1).....ccccooiiiriiiiniinieeeeeee 42
3.5.2  System Power Management Status and Control 2 Register (PMC_SPMSC2)......cc.cccceverieneriinenneneeieneens 44

Chapter 4
Memory map
41 MBIMIOTY IMAP. . eeutetteitieiteteette et ste et e sbe et s bt e st st et e et e et e ebt e bt ea e e sbeeatesbe e et sb e et e eb b et e ebtem bt eaa e bt ebtesbeenteebe et e sbee bt ebte bt eabenbeas 45
4.2  Reset and iNterrupt VECOT ASSTZNINEIIES. ... .evuutertieriteertieeteerttesteesttesteestteeseesteesbeesteesabeesateeaseesseesseesbeesbeesasesabeesssesnseenns 46
4.3 Register addresses and DIt @SSIZNIMENES. ........coutetirtieriertieterteerteetterteeee bt ette st este st eentesseesteeseentesseensesseenseeneenseessenbeensenseans 47
4.4 Random-access MEMOTY (RAM).....oouiiiiiiiiiiiiiiteteee ettt ettt ettt et b et sbt et sbe e aesbee bt sbsenbeeanenbeean 55
4.5 Flash and EEPROM .........c.ccooiiiiiiiiiicenteere ettt ettt n e en e nes 55
4.5.1 OVBIVICW ...ttt ettt ettt ettt ettt et et e e et e et es e e et em e e e st emeeeeeem bt eeeea s e eeeentees e en s e es e e st emseebeanteeaeenseemeeseemeanseeneenseas 55
4.5.2  FUNCHON AESCIIPIIONS. ¢..veutieitetieiteettete ettt ettt ettt et et bt et sb et eb e et eb e et e ebe e bt e bt e saeestesbeemaesbeemaenbeenbesbeennens 57
4.5.2.1  MOAES Of OPETAION. ...eeieutieiieeiteiit ettt ettt ettt et ettt et e st e e bt e sabe e bt e sabeeabeesabeenbeesaneenseenanean 57
4.5.2.2  Flash and EEPROM MEMOTY MAP......cuteuirtieeiaiietietienteeiiesteeee st eeesteeaesteensesseensesseenseeseensesseenseenes 58
4.5.2.3 Flash and EEPROM initialization after SyStem IeSeL.........ccverieririeririenieienieeienieeeeeieeee e 58
4.5.2.4 Flash and EEPROM command OPETatiOnS.........cecueerierrueerieerieeniieenitesteeteeseeeieesiseenseeseseenseesnnesnnes 58
4.5.2.5 Flash and EEPROM INEEITUPLS.......ccueerutruierieeeenteeiesteetesteeetesteeteeteeteeseesteeseeseeeneessesneesseensesseesenseans 64
452,60 PIOTECLION. ...ttt ettt sttt ettt e 65
T N BN 15T 1 5 1 2O OO OO P PPTUPROUPPTOT 68
4.5.2.8 Flash and EEPROM COMMANGS.......cccutiiiriiiiiitieieiieeieet ettt ettt ettt sbe e sbeenaesbeeneenneens 70
4.5.2.9 Flash and EEPROM command SUMMATY........cccecuereeiireerienienientenientenieeitesieestesseeeesseeneesseenaesnnes 72
4.6  Flash and EEPROM 1egiSterS deSCIIPLIONS. ..c...eeitttrtieriieritieiiesiteesttesiteeteesatesateestteeseesteeebeesseesabeesssesaseesssesaseensaesnseensees 86
4.6.1 Flash Clock Divider Register (NVM_FCLKDIV).......cooiiiiiiiieit ettt 86
MC9S08PA4 Reference Manual, Rev. 3, 08/2014
4 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
4.6.2  Flash Security Register (INVIM_FSEQC)......cociiiiiiiiiiie ettt sttt e n 87
4.6.3 Flash CCOB Index Register (NVM_FCCOBIX)......c.coctiriiiiiieiiiiee ettt 88
4.6.4  Flash Configuration Register (NVIM_FCNFQG)......cc.cccteiimiiiiiniiiiniieteseee ettt 88
4.6.5  Flash Error Configuration Register (NVM_FERCNFG)........ccccociiiiiiiiiiiiiiiiteieec e 89
4.6.6 Flash Status Register (NVIM_FSTAT)...cc.ioiiiee ettt ettt et ettt et sbeeaesaeens 90
4.6.7 Flash Error Status Register (NVM_FERSTAT).....cccoiiiiiiiiiiiinieeteceteteetese ettt 91
4.6.8 Flash Protection Register (NVIM_FPROT).......cooiiiiiiiiiiiiiieiieetee ettt ettt sttt sttt 92
4.6.9 EEPROM Protection Register (NVM_EEPROT)........ccciiiiiiiieii et 93
4.6.10 Flash Common Command Object Register:High (NVM_FCCOBHI).........cccccoceniiiiiniininiiiiiicnceeeneeee 94
4.6.11 Flash Common Command Object Register: Low (NVM_FCCOBLO)......cccccooiiiiiiiiiiieniieiiecieesieeeieeiee e 95
4.6.12  Flash Option Register (NVIM_FOPT)......cc.cccooiiiiiiiiinneeesesesetet ettt st s 95
Chapter 5
Interrupt
So1 IIEEITUPES ettt ettt sttt ettt ettt a e bbbt b e s bt et et a e e et et e e et et e et et e bt e bt e ae bt bt b et na et eae 97
5.1.1  TNEErrupt STACK fTAIMC. ....eviiiiiiiiiiiieite ettt ettt ettt e bt e sb e et sbe e e e sbe e besbeenbesanens 98
5.1.2 Interrupt vectors, sources, and 10Cal MASKS. .....ccc.eiiiiiiiiiriiiieeeee e 99
5.1.3  Hardware NeStEd INTEITUPL.........eeruieieitieieetiete ettt ettt ettt e ste et este e eesbeente s st enbesbeenteeseenteeseenteeneenbeeneenseeneenaes 101
5.1.3.1  Interrupt priority 1@Vl T@EISTET...cc.uiruiiiiiiiriiriieteitet ettt 103
5.1.3.2  Interrupt priority level COMPATALOT SEL.......c.eeviirrieiriieiiieriie ittt sttt sttt ettt e bee st enaeesaneen 104
5.1.3.3 Interrupt priority mask update and restore MeChaniSM.........c.eevueruierieriereriere e 104
5.1.3.4 Integration and application of the IPC...........cccoooiiiiiiiiniiiiiiiiieeeeeee e 105
5.2 TRQ e a e a st h Rt R e bbbttt h et 105
5.2.1 FRALUIES. ...ttt ettt ettt b et e b e m e e bt e a bt ea e et e e st e bt e ae e bt e aeeehe et e e bt et e bt enbeen e et e eneenee 106
5.2.1.1  Pin cONfigUIation OPLIONS. ...c..eeutertiiiieiieieeitente ettt sttt sttt ettt ettt eat et et esbeestesbeeaesbeenbesanebens 106
5.2.1.2  Edge and 16Vel SENSTIVILY....cccutiiuiiiiiiiieiieeniieete ettt ettt sttt st e bt e sbeesbeesbeesaeesnbeesasesnbeenes 107
5.3 INLEITUPL PIN TEQUESE T@ZISTET . .eueeutieuietieuteeteeteetteteettesteeteesteeseebeeseebeesee bt eateeseeneeestenseeseenseemeeseemtenseenseaseensenseensenseaneens 107
5.3.1  Interrupt Pin Request Status and Control Register (IRQ_SC).....c.ccoceeviriininiiiiiiiiiiiceeeceeeseeee e 108
5.4 INterrupt Priority CONIIOL TEZISTET .. uevuttiitiieieertetiteette et et eite et e et eb e e st e e bt e sabeesbeesabeebeesaeeeabeesabeenseesabeenseesabeebeesasesases 109
54.1 IPC Status and Control Register (IPC_SC)........iiuiiiiiieiieiee ettt e 110

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 5



h o
g |

|
Section number Title Page
5.4.2  Interrupt Priority Mask Pseudo Stack Register (IPC_IPMPS).......cooiiiiiiiiiiiieieiieceeeeeeeeese e 111
5.4.3  Interrupt Level Setting Registers n (IPC_TLRS).....c.coiiiiiieiiiieieese ettt 111
Chapter 6
System control
6.1  System device identification (SDID)........cccuiiiiiiiieiiiee ettt ettt ettt et sb e ettt e b et ene e 113
6.2 Universally unique identification (UUID).......cc..coiiiiriiiiniiieiieiceteeet ettt sttt sttt s 113
6.3  Reset and SYStemM INTHAIZAION. ...cc..eeiiiiiierie ittt ettt ettt e st e e bt esae e e bt e sabe e bt e eabeeabeesabeenbeesaseebeesaseennes 113
(O I A (714 o) o8 (o) 1 OSSPSR 114
6.4.1  BEKGD PIN @NADIE......couiiiiiiiiiiiiiiiieieee ettt ettt sttt st be bbbt eae 114
6.4.2  RESET PIN @NADIE....cc.ueiiiiiiiiieeie ettt ettt ettt et e sb e e bt e s bt s bt e sabeeabeesab e e bt e sabeebeesaneenne 114
6.4.3  SCIO PIN TEASSIZIIMENL. c...cuteeuietieuietteiteeteete et ertesttesteeteeteesteteeseeteeseeeseeneeeseensesseeseeseenseemeenbeestenseensenseansenseenes 114
6.4.4  FTMO channels pin rasSIZNMENL.........coueeuerueerierteniertietenttenteeiteeteettesteestesteestesbeentesbeestesseenbesssenbeesnenseensenseenes 115
6.4.5  FTMI PIN TEASSIZNINENL. ...cuuieutieiieriieeiteeiteette sttt etee sttt etee sttt e bt estteeabeessbeeabeessbeeaseebaeeabeesseesabeesstesaseensneenseenses 115
6.5 SYSLEIM INEEICOMMECTION. 1. .euteutieitetieuteet ettt eteeteeteenteeteesteeseesteesee bt easeabeeaseeseemteeseemeeeseenseemeenseemeeaseamsenseenseabeensenseensesneansens 115
6.5.1  ACMP OULPUL SEIECHION. ... .ottt ettt ettt sttt ettt bt e bt et b e eabesbe et e sbeeneenae 115
6.5.2  SCIO TXD MOAUIAION. ......coiiiiiiiiiiiiiiiiiiiicec e s s 116
6.5.3  SCIO RXD CAPLUIE......ceutieuiitieieittete ettt ettt ettt ettt e st et et e e ae s bt e be e bt et e es e e bt ese e bt eneesseeneeeaeensesseenbesneenseennans 116
6.5.:4  SCIO RXD fIIEET.....erteuiriiiiitieieteiete ettt ettt ettt ettt a e bt b e bttt nen 117
0.5.5  RTC CAPLUTE.....eeueieiiieiiteeite ettt ettt et sat e e bt e ettt e bt e s ateeab e e s abeea bt e sbbeeabeesbbeea bt essbesabeesabeenbeensaeenbeenaeeans 117
6.5.0  ADC NaTAWAIE (IO .. c..eeutieiieteitiete ettt ettt ettt et eae e te e st e e bt eaeeebeeateebeeateeseenbeese et e eneabeeneesseeneesneensesnean 117
6.6 SyStemM CONLIOL REGISTETS. ....cuueiuiiuiiiititieiteteeteete ettt ettt ettt et b et ebt et e et e sbe e bt e s bt este s bt esbesbe et e ebeenbeebeenaeenee 118
6.6.1 System Reset Status Register (SYS_SRS)...c.uuiiiiieie ettt 119
6.6.2  System Background Debug Force Reset Register (SYS_SBDFR).......cccoiiiiiiiiiiiieeeeeee e 121
6.6.3  System Device Identification Register: High (SYS_SDIDH)....c..cocceiiiiininiiiiniinieteeeeeneeee e 121
6.6.4  System Device Identification Register: LOw (SYS_SDIDL)...ccc.coiiiiiiiiriiiiiinieie ettt 122
6.6.5  System Options RegisSter 1 (SYS_SOPT L) ...cciiiiiiiee ettt sttt ae s 122
6.6.6  System Options Register 2 (SYS_SOPT2)...cc.cooiiiiiiiiiiiiieeterieeere ettt ettt 124
6.6.7 System Options Register 3 (SYS_SOPT3) ... ittt ettt ettt b e siee e 125
6.6.8  TIllegal Address Register: High (SYS_TLLAH)...c.ooiiiiiiiieet ettt 126
MC9S08PA4 Reference Manual, Rev. 3, 08/2014
6 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
6.6.9  Illegal Address Register: LOW (SYS_TLLAL)....coiiiiiiiiiiie ettt ettt sttt 126
6.6.10  Universally Unique Identifier Register 1 (SYS_UUIDI)....cc.oiiiiiiiiiiieiiee e 127
6.6.11  Universally Unique Identifier Register 2 (SYS_UUID2)......ccccoriiiiiriiiiiniiniinienieeeeneeee et 127
6.6.12  Universally Unique Identifier Register 3 (SYS_UUID3).....ccoiuiiiiiiiiieiiteiieeeeee ettt 128
6.6.13  Universally Unique Identifier Register 4 (SYS_UUIDA).......cciiiiiiiiiiieiiee ettt 128
6.6.14  Universally Unique Identifier Register 5 (SYS_UUIDS)...c..ccoiiiiiiiiiiiiiniiiieieieeeeneeee et 129
6.6.15  Universally Unique Identifier Register 6 (SYS_UUIDO)......c.c.eoviiriiinieiiiiiieeieete sttt 129
6.6.16  Universally Unique Identifier Register 7 (SYS_UUID7)....cc.ooiiiiiiiiiieiiee sttt 130
6.6.17  Universally Unique Identifier Register 8 (SYS_UUIDS)......cccceriiriiriiiinieniiiieneeteneeeeseeee st 130
Chapter 7
Parallel input/output
Tl INEOAUCTION. ..ttt sttt ettt et h b e bt s bbb sa et et e s et et et eaeeneebeeaeebesbesae st e snesnens 131
7.2 Port data and data dIFECHION. .......c..ciiiiiiiiiiiiiiti e e 133
7.3 Internal PUITUP @NADIC. ........oouiiiiiieie ettt ettt et b et s bt et e b et ea et e st et e e st e bt en e e bt et e nae et e ebeeneeaean 133
T4 INPUL GIECH FIIEET SEIHIME. .. cuvteutitieiiieteete ettt ettt ettt et b et s b et s bt e bt e bt e bt e bt e bt ebae bt ebtesbeesaenaeenee 134
7.5 Hi@R CUITENE ATTVE...coutiiiiiiiiiiiteetete ettt e b e et et e s et et e e sh b e e bt e sat e e bt e eabeeabeesabeeaseesabeenbeeeabeenbaesaseenseas 134
7.6 Pin Dehavior i STOP MOAE.....c..oouieiiitieiieeieie ettt ettt ettt et et e st e et e eae e ea e e bt e st etesseenbeeseenbeeseenbeensebeentenseeneenseenes 134
TT PO A TEZISEIS. .eueeuteiutetieiteeit ettt ettt ettt ettt et be et sb e bt eb s e bt e et e bt eh e e eb e e st e eb e et s bt e bt ebtenbeeba e b e esbenbeeabeebeentesbeeneeenee 134
7.7.1 Port A Data Register (PORT_PTAD).....ccutiiiiiiieiieeiteeeee ettt sttt ettt ettt e e e 135
7.7.2 Port B Data Register (PORT_PTBD)........cooiiiiiiiiiieieeee sttt ettt et s 136
7.7.3 Port C Data Register (PORT_PTCD).....c..coouiiiiiiiiiiieieiteteseee ettt ettt 136
7.7.4  Port High Drive Enable Register (PORT_HDRVE).......ccccccoiiiiiiiiiiiiiiniieeeee ettt 137
7.7.5  Port A Output Enable Register (PORT_PTAOE).......ccccooiiiiiiieieeeeee ettt 137
7.7.6  Port B Output Enable Register (PORT_PTBOE)......c..cccoooiiiiiiiiiiiiiiienec sttt 138
7.7.7  Port C Output Enable Register (PORT_PTCOE)..........coootiiiiiiiiieiiteeieeitesteeeete ettt st 139
7.7.8  Port A Input Enable Register (PORT_PTAIE)........cccciiiiiiiiiiiieiieeieee ettt st 140
7.7.9  Port B Input Enable Register (PORT_PTBIE)........ccccootiiiiiiiiiiiiiieteeeeee ettt 141
7.7.10  Port C Input Enable Register (PORT_PTCIE)........cccoiiiiiiiiiiiieiieteet ettt 142
7.7.11  Port Filter Register 0 (PORT_IOFLTO)......c.cceotrtiiriiiiienieienieienteteneie ettt sttt 143

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 7



h o
g |

|
Section number Title Page
7.7.12  Port Filter Register 2 (PORT_IOFLT2)......c.ccccccurioiriiiiiieinieenieeneee ettt 144
7.7.13  Port Clock Division Register (PORT_FCLKDIV)......ccoiiiiiiiiiiiiiieeieieee ettt 145
7.7.14  Port A Pullup Enable Register (PORT_PTAPE)........ccccioiiiiiiiiiiiiiiectcteceeee et 146
7.7.15  Port B Pullup Enable Register (PORT_PTBPE)........ccccoiiiiiiiiiiie et 147
7.7.16  Port C Pullup Enable Register (PORT_PTCPE)........ccooiiiiiiiiiiiee ettt 148
Chapter 8
Clock management
8.l CLOCK MOAUIL.......coiiiietee ettt ettt h et e et et eat e eh e e et sa e et e e et e bt em e e bt em s e bt enteebeenteeneenseeneenbeeneennes 151
8.2 Internal ClOCK SOUICE (ICS)....cuuiiiiiiiiieiie ettt ettt ettt e e et e e et e e e tbeeeeaaeeeeaaaeeeatseeeasaeesabaeesstseeessesesasaeesnrseeanes 152
8.2.1 FUNCHON A@SCTIPIION. ..ceuetiiitieiie ettt ettt ettt et ettt st e st e et e s bt e eabeesaeeeabeesabesabeesabeeabeessneeseenaeean 153
8.2.1.1  BUS fTeQUENCY QIVIART ... .eetiitietieiieitieiiete ettt ettt ettt et e et e bt e st et e e st e sbeeneeeeeeneesaeenees 154
8.2.1.2  LOW POWET DIt USAZE...cuveeueitiemiiriieienieeteitt ettt ettt ettt st e e bt et sbt bt s bt e be st enbeeabe bt eatenbeennene 154
8.2.1.3 Internal reference clock (ICSIRCLK).......cooouiiiiiiiiiiiiee ettt aaeee s 154
8.2.1.4  Fixed frequency clock (ICSFFCLK)........cotiiiiiiiiiieeeee ettt ettt s 155
8.2.1.5  BDIC CLOCK. ...uiuiiiieiiieiiitcietctet ettt ettt 156
8.2.2  MOAES OF OPETALION. ...ccuuteeitieiieeiiteitte ettt ettt et e sttt ettt e b e e s ate st e esabe e st e e sbteeaseesaeeeabeesatesabeesabesabeesnseenseenaeean 156
8.2.2.1 FLL engaged internal (FEI).........ccccooiiiiiiiiiiie ettt 157
8.2.2.2 FLL engaged external (FEE).........ccccoociiiiiiiiiiiiieiieeceseteet ettt st 157
8.2.2.3  FLL bypassed internal (FBI)........ccccoiiiiiiiiiiiieeee ettt 157
8.2.2.4  FLL bypassed internal 1ow power (FBILP).........ccccoiiiiiiiiieieieieeeeee e 158
8.2.2.5 FLL bypassed external (FBE).......ccccocoriiiiiiiiiiiiiceeeee ettt 158
8.2.2.6  FLL bypassed external low power (FBELP)........c.cccocciiiiiiiiiiiieiecieeic e 159
8.2.2. 7 SLOP (STOP)..eitiiiteieteteteete ettt ettt b ettt sttt sttt et ettt et b e bt neebeneenen 159
8.2.3  FLL lock and cloCK MONIOT.........cciiiiiiiiiiiiiiicieieic ettt e 160
8.2.3.1  FLL CLOCK L0CK. ... ittt e 160
8.2.3.2  External reference CloCK MONILOT.........ccouiriiiuiiieiieie ettt ettt eee e 160
MC9S08PA4 Reference Manual, Rev. 3, 08/2014
8 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
8.3 Initialization / application TN OTMIATION. ......eiitiiiteitie ittt ettt et et e bt e et e e beesabe e atesabeesabeeabeesbbeenbeenanenn 160

8.3.1  Initializing FEIMOMAE. .....cc.cooiiiiiiiiiieeieee ettt ettt ettt h et et e e e s et e e bt enbeeneesaeeneesseeneas 161

8.3.2  Initializing FBI MOGE.....c..ooiiiiiiiiiiiieieet ettt ettt et b et sat et sbe e b sane b 161

8.3.3 Initializing FEE MOGE........cooiiiiiiiiiiiieeie ettt sttt ettt e b e st et e sabe e bt e sateenbeesaneens 161

8.3.4  Initializing FBE MOE...... .ottt sttt et a et e e et e et esbeeneesbeeneesbeensennean 162

8.3.5 External OSCIIIAtOr (OSC) ... .uviiiiiie ettt e et e e e etb e et e e e e te e e eataeeeteeeeabeseeasseesaseeeennseseaneas 162
8.3.5.1  BYPASS TNOGE. ...c.ueiiuiiiiiiiiiie ittt ettt ettt et sbe e ettt st e st et h b et e e bt e e be e bt e st e e naeesaten 163

8.3.5.2  LOW-POWET CONFIGUIATION. ....euviiuietiiiieieeiieitteite ettt ettt et et e e st e st e bt et e bt est e bt eneesbeenbeeseenaeeneeneeene 163

8.3.5.3  High-gain CONfIGUIAtION. .....cc.eiiuiriiiiiiiiiiiiiere ettt ettt nae s 164

8.3.5.4 [Initializing external oscillator fOr peripherals..........cceoviiiiiiriiiiiiiniee e 164

8.4 1 kHz low-power 0SCIIator (LPO)......cc.ooiiiiieiieeeee ettt ettt ettt e e et es et e saeesbe et e sbeeneeaaean 165
8.5 Peripheral CLOCK GAtINZ......coviriiiiiriiiiiriee ettt sttt sttt b ettt b e es e s bt et eb e et e satenbeebeenbeeaaenueas 165
8.0 TS CONIOL TEZISIETS. ..uvteireeutieriteeite sttt et e sttt et e ettt et e st e et e e sat e e beesut e e bt e sabeeabeesabeeabeesabeebteeaseenbeeeabeeabeesabeenseesabeenseesaneanne 165
8.6.1 ICS Control Re@iSter 1 (TCS_CL).uuuiiiiieieieieiieeet ettt sttt b ettt be et eseenteeseenaeenees 166

8.6.2 ICS Control Re@ister 2 (ICS_C2)....ouiiiiiiiieiieieeiteeetet ettt sttt ettt et s be e sbee e eaees 167

8.6.3 ICS Control REZISIET 3 (ICS_C3).uuiiiiiiiiieeiit ettt ettt sttt sttt s e e bt e et et esabeebeesabeeseesaneen 168

8.6.4 ICS Control Re@iSter 4 (ICS_C4) ..ottt sttt be ettt be et eseenteeseenaeeneas 168

8.6.5 ICS Status ReIStEr (TCS_S)..cuiiiiiieieiieteet ettt sttt ettt ettt et ettt sbe et e i 169

8.6.6 OSC Status and Control Register (ICS_OSCSC)....oiiuiiiiiiiiiiieiese ettt 170

8.7  System clock Gating CONIIOL TEGISTETS. ...c..eeuriruieiertieieittete et et et ettt te bt ettesteeateete et e saeebesaeeaeeseenbeeseebeessenbeeneeseeneesseenes 171
8.7.1 System Clock Gating Control 1 Register (SCG_C1)...coiiririiniiiiiniiiiirieeieneee sttt 172

8.7.2  System Clock Gating Control 2 RegZiSter (SCG_C2).....coiuiiiiiiiiiiiieiieeite sttt ettt 173

8.7.3  System Clock Gating Control 3 Register (SCG_C3)....ccouiiiiiirieiieiierie ettt 174

8.74  System Clock Gating Control 4 Register (SCG_C4)....ccueruiiiiriiiiiieieiienieeteneeese ettt 174

Chapter 9
Chip configurations

0.1 INITOAUCTION. ..ttt ettt ettt et h bbb b b s st s et et s et e st eueeaeebeeueebesbesaesteaesnens 177
0.2 C0rE MOMUILS......ooiuiiiiiiiiiiiii e b bbb e b et 177
9.2.1 Central processor UNIt (CPU)......cuiiiiiiiiee ettt sttt sttt b et e st et e st e bt eneeseeeneeeees 177

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 9



b -

g |

|
Section number Title Page
922 Debug MOdUIE (DBG)......iiiiiiiieiieeitecte ettt ettt sttt sttt st e b e et e bt e st e e bt e st e e e nanes 177

0.3 SYSEIM MOAUIES. ....ueuiiiiiiitiitiiteeteet ettt ettt ettt sttt ettt et ea e bt e bt bt e b e bt s bt et et e s et et et et ene e bt eateae b b 178
9.3.1  WatchdOZ (WDOG).....ci ittt et ettt sttt et bt ettt et eat e bt et e sbe e et sbeenbesbeenbesanens 178

9.4 ClOCK MOAUIE. ......oouiiiiiiiiiiiiiii et b e st s 178
0.5 IMIBIMOTY ... e e bbbt e h e e a e e et a e e R e b e b e h et eh e e e e he e e et saeeaeesae e saeas 180
9.5.1 Random-access-memory (RAM)......cooiiiiriiiiriiiiecet ettt ettt ettt ettt 180

952 Non-volatile MEMOTY (INVIM).c...iiiiiiiiiiiieiiiet ettt et ettt et s bt e satesabe e s bt e sabeesbaesnseenseenns 180

0.0 POWET INOMUIES. ...ttt ettt ettt et e h e bt s e e e bt e st e bt eseeebeeabe b e emseebeenteeseenseesee bt eneesbeemeesaeeneennean 180
0.7 THIMIEIS .ttt et h bt s a et b b st ettt et e a e bbbt bbbt b e bttt ettt e eb e 181
9.7.1 FlexTimer MOdUIe (FTIM)......oooiiiiiiieeieeiieeee ettt e et e e e e taa e e e e eetaaaeeeeeetrreeeeeenanneeeeas 181
9.7.1.1  FTMO INEETCONMNECTION. .. ..e.tieuteieieteeiietietteettentestteteettetesetentessee bt eseenbeentesseenseaseenseeseeneeeseenaeeneenseeneas 182

9.7.1.2  FTMI INtEICONNECHION. ......eouiiuiiiiiiiiietiiti ittt ettt ettt sttt sttt eae s 183

9.7.2 Real-time cOUNEr (RTC).......uvviiiiieieeee et e ettt e e e e et e e e e eetaa e e e e eesataeeeeeeetaseeeeeennnnes 183

9.8 COMMUNICATION INEEITACES. ...c..eeutieuieteeiieiteeite et ettt ettt e bt et et e e et e steeatesbeeseeebeenteebeenbeeseenteeseenbeeaee st emeesaeensesbeensesneansenseans 185
9.8.1 Serial communications INtEIfaCe (SCI).......ooiiiiiiiiiiiiiiie e e e et e e e aa e eeaseeeeareeeeanns 185
9.8.1.1  SCIO infrared fUNCHONS. ........ccoiiiiiiiiiiiiii e s 186

0.9 ANALOZ. ..ottt ettt a et a bt a e et b e b ettt ettt et eu e a e ebe bbbt et b nnens 187
9.9.1  Analog-to-digital CONVETtEr (ADC).....cceiitiiiiiiiitiiieieetee ettt ettt et sieen 187
9.9.1.1  ADC channel aSSiZNIMENLS. ..........ceiuiiriiriiieriieeieeniie et erite st e site et esite st esbtesbeesbeesabeesbeesabeenseesaseenses 188

9.9.1.2  AEINALE CLOCK. ... vttt ettt ettt ettt ettt et e bt et e s et et e bt et e b e enbeebeeneeeneenes 189

9.9.1.3  HardWare trIZEOT . c..eeutiiieititieiteettete ettt ettt ettt ettt b et b et b et sbe et ebe et bt e et sbeenaeeaees 190

0.9. 1.4 TOMPETALUTE SEIISOT....u.eerutieireeteeriteeteentteeteessteeteessteeteesateesstessseestessseeseesabeenseesateenssessseensaesaseensees 190

9.9.2  Analog comparator (ACMP)........coeoiiiriiiiieeee ettt ettt et 191
9.9.2.1 ACMP configuration infOrmation..........c..cecuereerieriieniinieniteieneete ettt sttt 192

9.9.2.2  ACMP 11 StOP3 MOGE.....c.ueiiiieiieeiieeteette sttt ettt et ettt e st et e sttt e bt e sabesabeesabeeabeesebeeseenanean 193

9.9.2.3 ACMP to FTM configuration information............coeeueeeieieinininininenesiesterene et 193

9.92.4  ACMP fOr SCIO RXD flter....c.coveuiriiiiriiiriiiitiieiiietentettnetstei ettt 193

9.10 Human-machine interfaces HMI...........c.ccooiiiiiiiiiiiiii e 194
9.10.1  Keyboard interrupts (KBI)........ccooiririiriiriiiiiiieieieieet sttt st s 194

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
10 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
Chapter 10
Central processor unit
LO.T TNEFOQUCTION. ..ttt sttt et e b b e sh b b s st b et e e et e bt es e eaeeaeebeebesbesae st eaesnens 197

JOT.T FEALUIES. ...ttt s s b e s a e eae s 197

10.2 Programmer's Model and CPU REZISIETS......c.ccuviririiiiriniiiereicteieiet ettt sttt sttt ettt 198
TO.2. 1 ACCUIMUIALOT (A)....tiiiiiiie et ete ettt et e e ettt e et e e e ebeeeeaaeeeeaseeeatsaeeassaeeeasseeessseenssesesasseesasseesassesenssseeanseeeas 198
10.2.2  Index REeZISTET (HiX)..oooiiiiiiiiiieieeiie ettt ettt ettt st e st e st e s bt e et esbe e s bt e satesabeesabesabeesbbeenseeseenn 199
10.2.3  StACK POINLET (SP)....iiiiiieiieiie ettt ettt ettt et e et e e e tte e beessaaesseessseesseesseensaesssesaseesssaessaessseensaensseans 199
10.2.4  Program COUNLET (PO)......ccuiiiiriiiiiiiiieetete ettt ettt sttt sttt sat et st e bt st e nbeeabe bt esnenbeeas 200
10.2.5 Condition Code Re@iSter (CCR)....cccuuiiiiiiiiiiiieeieeieet ettt ettt et be bt st e satesabeessbesaseeaee 200
10.3  AdAIESSING IMOAES. .....ceneiiiiiieee ittt et ettt ettt ettt et e s e s bt et e eae e st e e bt eabeebeen b e es e emteeseenbees e et e eneeeaeemtesseenaesseennesnean 201
10.3.1 Inherent Addressing Mode (IINH).......coeiriiiiniiiiniiieeeete ettt sttt 202
10.3.2  Relative Addressing Mode (REL).......cccuoiiiiiiiiiiiiiiiieeee ettt ettt ettt sttt et e bee s 202
10.3.3  Immediate Addressing Mode (IIMM).......couiiiiiieiiiieieeiete ettt sttt ettt et e b eneeseeeneeseis 202
10.3.4  Direct Addressing Mode (DIR).....c..couiiiiriiniiiinieienitete ettt sttt ettt ettt et sae ettt sieenaeeaeen 203
10.3.5 Extended Addressing Mode (EXT).....coueiiioiiiiiieiie ettt ettt sttt sttt sttt e st e beesiee s 203
10.3.6  Indexed AddreSsing IMOE. ........coeeuiiiiriieieriteee ettt ettt ettt ettt et e saeete s bt e be e st e beene e beeneenbeeneeeaeenes 204
10.3.6.1 Indexed, NO OffSEt (IX)...ccouiiieiiiieiiee ettt e et e et e et e e ete e e easeeeeaveeesarseeeaseeesaseeens 204

10.3.6.2 Indexed, No Offset with Post Increment (IX=)......cccvveiiiieiiiiiieieiiiiiee e 204

10.3.6.3 Indexed, 8-Bit OffSet (IX1)...ccueirieuireirieiirieirieesietetee ettt 204

10.3.6.4 Indexed, 8-Bit Offset with Post Increment (IX14).....c..ccooviiiiiiiiiiiiiieiee e 205

10.3.6.5 Indexed, 16-Bit Offset (IX2)......ccccciriiriiriiiiieiieieiceeieeeeee e 205

10.3.6.6 SP-Relative, 8-Bit OffSet (SP1)...c.ccucoiiiiiiiiiiiiieiieee ettt 205

10.3.6.7 SP-Relative, 16-Bit OFffSEt (SP2)......ccovueiriiiiiiiiiieiicinetreetre ettt 206

10.3.7 Memory to memory Addressing MOAE........ccuioiiiriiiiiiirieiieerite ettt et ettt e st e 206
10.3.7.1 DAFECE 10 DATCCE....eueitieieeetee ettt ettt ettt ettt e ae s e et e et e s bees e e bt ent e bt eneeeseenteeneenseeneeneeenean 206

10.3.7.2 IMmMEdIiate tO DITEC......cciiiiiiiiiiiiiiiiiiiciiiec ettt s 206

10.3.7.3 Indexed to Direct, POSt INCIEMENT..........uueeiiiiiiiiiiiiiiieieeeeeeeee ettt e e e e e e e e e e e e e e e e e e e ssnnans 206

10.3.7.4 Direct to Indexed, POSt-INCIEMENT. ... . ...ttt e e e e e e e e e e e e e e eeseseneaas 207

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 11




h o
g |

|

Section number Title Page

104 OPETALION MOAES. ...ccuteeitieiieiiieetieeite ettt et et e bt e sateestteeute e beeeuseeabeesabeestesateeabtesabeeabeeeabeenbeesabeenbeesabeenstesabeenbbesaseanseenas 207
L N 107 0 15 11310 T [T SPUSUUUSRRPROO: 207
10.4.2 WA INOGE. ...ttt bbbttt et et et ea bt eaeeb e b s sa b n e 207
10.4.3  Background MOCE.........cc.ueeuiiiiiiiieiie ettt ettt et et e st e et e sab e e bt e s bt e b e e sabeebeesabe e bt e sabe e baesabeennee 208
10.4.4  SECUTIILY MOUE...c..cuitiiiiiiiieiieiteti ettt ettt sttt ettt ettt bt s be et b e b et ettt eaa et eneeueebeeuesbeebesbesaennen 209

10.5 HECSO08 VO OPCOUELS.......eemeeiiinieritiieeitentteiteett ettt ettt ettt ettt e be et e b e ee et e e et e bt e st e ebeeateeb e e bt sbtenbeestesbeeatesbeeabenbeenbesbeenteane 211

10.6 SPECTIAL OPETALIONS. ...eutieiteeiieeriieeite st ette ettt et e ettt eteesuteebee sttt e bt esateeabeessbeeabeesabeenseesaseenbtesateeabeesabeenbeesabeenseessteenseennneenses 211
LO.6.1  RESEE SEQUEIICE. ..uveveeutieiienteeetete et et ee et eat e et e et s ae e tesste bt es e e bt es s e bt es e e bt eme e et e eneesseenbeseeenaesseebesseenseenseseensenseans 211
10.6.2  TNEEITUPE SEOUEIICE. .. .eeuvieuieieeiieriteitertt ettt ettt et ettt ea et e e bt et sbe e bt s bt e bt e bt e bt et s et e ebt et e eat e bt e st e sbeenaesbeensenaeen 211

10.7 INSIrUCHON SEt SUMIMATY ....c..tiiiiiiiiiitieet ettt ettt stt e et esbte et e e st eeeabeesateeabeessbeeabeesbbeeabtesaeesabeeeasesabeessseeseesaseenseenaseenses 212

Chapter 11
Keyboard Interrupts (KBI)

T1.1 IEFOAUCTION. ..ttt e s b e s b ettt e e s e aesaeen e saesaesaeaesnens 225
LLL T F@ALUIES. ..uteitetieie ettt ettt ettt ettt eh et e ae et e e m e e e h e emee e et em e e e aeem b e emeen st enee bt emeeebeeneesaeentesaeensesmeenseennans 225
T1.1.2 MOAES Of OPETALION. .. ..ecueiutieiiiiieititeeite sttt ettt ettt ettt ettt ettt et e e st e ea e sbt e et sbeeae s bt e bt sbtenbeebsenbeeanenbeeas 225

11.1.2.1 KBIIn Walt MOE.....c.oouiiiiiieiiietiieieneiereesect ettt ettt ettt 225
11.1.2.2 KBTI IN StOP MOAES. ...cutieutitietietiete ettt ettt ettt b ettt e e et e sttt e beeaee bt estesbeemeesaeeneesbeensenneas 226
11.1.2.3 KBI in Active Background MOdE..........cccccouiriiriiiiniiiiiieieieeeeit ettt 226
T1.1.3  BIOCK DIAZTAM. c...teiiiieiieeiteite ettt ettt et e st e s at e e et e e s bt e s abe e bee et e esstesabeessbesabeensaeenseenseeens 226

11.2 External SigNals AeSCIIPLION. .. ...couieuiirtieiiettete ettt ettt ettt et e e et e et e et e e et eaee bt estesbeeaeesbeeaseebeenteeseenteeseenteeneenbeeneenaeeneas 227

11.3 REGISIET AETINITION. ¢..eeutiiiiiiiiteitieteet ettt ettt ettt eb e bt et eb e et e bt e bt e bt e bt e bt e s bt eebesbeesbesbe et e ebeenaeenee 227

11.4 Memory Map and REGISIEIS. ...ccouutiiiiiiiiiieeie ettt ettt e b e st e bt e st e e bt e sab e e bt e sabeeabeesabeeabeesabeenbeesaneensaennseenne 227
11.4.1 KBI Status and Control Register (KBIX_SC).......ccoiiiiiiiiieiieietee ettt sbeene 228
11.4.2 KBIx Pin Enable Register (KBIX_PE).......ccccoiiiiiiiiiiiiiiiietcetcteeteetee sttt st 228
11.4.3 KBIx Edge Select Register (KBIX_ES).....ccuoiiiiiiiiiieeieeeetee ettt sttt et 229

11.5 FUnCtional DESCIIPLION. ..c..ccviuiiiieiiiiteiietieitett ettt sttt ettt ettt et ettt s ae et ae et ettt et et eateaeeueeaeebeebesbesaesbenaennens 229
T1.5.1  Edge-0NLY SENSILIVITY ...eoutitiiiiitiiierieeiterte ettt ettt ettt ettt ettt et s be et e s bt e st e sb e eateeb e ea e e bt et e ebe et e ebee bt eseenaeenees 230
11.5.2  Edge and 1Vl SENSIIVILY...cccueiriiietiiiieetierite ettt ettt et sttt sttt e st e bt e et e e beesabe e bt e sabeenstesabeenbaesnseenseean 230
11.5.3  KBI PUIIUP RESISTOT. ...ttt sttt ettt ettt ettt sttt e e et e e e e st e b e e st e beesee bt emeenbeenseebeenseeneenes 230

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
12 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
11.5.4  KBIINIHAHZAHON. ....cviuiiiiieiiiciiieiicececece ettt 230
Chapter 12
FlexTimer Module (FTM)

12,1 INEFOAUCTION. ...ttt et b e e b b sa b e et et s e b e aesa e n e saesa et eaesnens 233
12.1.1  FIeXTIimer PRIlOSOPIY ....cc.iiiiiiiiiieiietiei ettt ettt ettt et ettt e et e e ebe e e e saeebesaeenbesseenbeeneanaeas 233
T2.1.2 FRALUIES. ...ttt ettt ettt e b e bbb ettt b ettt et 233
12.1.3  MOAES OF OPETALION. ....c.utteiriitieriieetteitte et et et e it e st e stteeabe e s bt e eabeeabeesabeebtesabeenbeeeabeenbtesabeenbeesabeenbeessseanseenanean 234
12,14 BIOCK QIAZIAIMN. .. ettt ettt sttt s at et e bt et e e s et e s e e bt e s e e bt eneeebeemeesaeenbesaeenseeseenbesneanaeas 234

12.2 SIZNAL A@SCIIPLION. ...ttt ettt ettt ettt ettt eb et b et ea e bt eatesaeeste s bt emtesbeeae s bt e bt ebt e bt ebs et e ebtenbeeseenbeenee 235
12.2.1 EXTCLK — FTM external ClocK.........ccociiiiiiiiiiiiiiiiiiiiiiiii s 236
12.2.2  CHn — FTM channel (1) I/O PiN...c.eooueoiiiiiieiieeeee sttt sttt ettt et e bt eneeaesaeenaeeneas 236

12.3 Memory map and regiSter defiMition.........coouiriiiiiiiriiiiierie ettt st et sttt ettt sae e 236
1231 MOAUIE MEIMOTY TNAP. ... .eeiurietieriieetie ettt etee st et e sttt ebee sttt e beesbeettesabeesatesateeabbeesbeenbeesabeeseesabeessbesnbeensaesnseensees 236
12.3.2  REZISIET AESCTIPIIONS. ..utttieutetieteetieteetiettette et enteeteesaesueetesutenbeeseenbeeseanteeseenbeesee bt eneeeseeneeeaeensesaeensesseensesneanaeas 236
12.3.3  Status and Control (FTIMX_SC)......coooiiiiiiiieeiee ettt ettt e et e e e etr e e e tbeeesabaeeebaeeessesesasaeessseeannns 237
12.3.4  Counter High (FTMX_CNTH)....c..ccooiiiiiiiiiiceee ettt 239
12.3.5  Counter LOW (FTIMX_CINTL).....c.oriiiriiinieirieisietetet ettt ettt sttt b e 239
12.3.6  Modulo High (FTMX_MODH)....c..c.coceitriiirieinieinetnctretntet ettt sttt sttt sttt ere e 240
12.3.7  Modulo Low (FTMX_MODL).......cooiiiiiiiiiniiieeteteeeeee ettt sttt 241
12.3.8  Channel Status and Control (FTIMX_CRSC)......oooouuiiiiieeeeee et e e e e eeaee e 241
12.3.9  Channel Value High (FTIMX_CIVH)......cociiiiiiiiiiiiiiiete sttt ettt 242
12.3.10 Channel Value LOW (FTIMX_CIVL)......oooiiiiiiieeiee ettt e e e e e eeearaeeeeeeannes 244

12.4 FUNCHIONAL DESCIIPION. ......iiuiitieiieitieie ettt ettt ettt ettt et et e et es e e bt e st e bt eaee bt embeebeemseebeenseeseenteesee bt eneesbeeneenseeneennean 244
12.4.1  CIOCK SOUICTE.....cuiiiiiiiiiiiiici ettt ettt ettt sb e eb e b s sa e eae 245

12.4.1.1 Counter CIOCK SOUICTE.........cciiiiiiiiiiiiiiiiiieie e 245
12.4.2  PIESCALCT....cueeieiete ettt ettt ettt ettt ettt e et e a e et e e bt et e e bt e n b e e st et e e st e bt en e e ebeeneeeheenteeaeenbeeheebeeneenaeas 245
12,43 COUNLET....euiiiiieiteiiceee ettt ettt e h bbb b b s bbb st ettt et s et eae e bt besbe et e b e saesaeanen 246
12431 UD COUINTIME. ..eeutteiitteiteeite ettt ettt et e st e stt e et e e bt e et e e bt e s s bt e btesateesbtesabeebaesabeenbeesabeenseesabeenseesnseense 246
12.4.3.2  UP-AOWN COUNTIMG. ....euttemieiienieitieteetieteette it ette et eatesttenteeeeetesseebesseesbeeste bt enseebeenseeseenseeneensesneensesneas 246

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 13



h o
g |

|
Section number Title Page
12.4.3.3  FIEE IUNNING COUNLET ...c..ueiiuiiiiieritiertierteentte et esttesbeesttesateesttesateesbeesase e beesabeesseesateesssesaseensaesseenseenns 247

12.4.3.4  COUNLET TESCL...eeuutieiteeiteette et et sttt sttt e et e bt e et e et e st e e bt e sa bt e b e e sate e b e e sabeeabeesabeebeesaaeebeesaeeenns 248

1244 TNPUL CAPLUIE MIOAE.......euiiiiiiiiiiiiteteeit ettt ettt ettt ettt ettt eb et b e et e et e s bt ea e s bt eat e bt ea b e ebeenteebe et e sbee et eseenaeeneen 248
12.4.5  OULPUL COMPATE TNOAE. ... .eeueieuiieriieeieertte ettt et et te st e stteeteesbteeabeebeesabe e btesate e beesabe e baesabeeabeessbeenbeesaseenbeenases 249
12.4.6  Edge-aligned PWM (EPWM) MOME........cccciiiiiiiiiiieitieieet ettt ettt sttt s e b ente st e e e enes 250
12.47  Center-aligned PWM (CPWM) MOME.........cceeiiimiiiiiniiiiiiiieitene ettt ettt st s 252
12.4.8  Update of the registers With WIite BUFTETS. ......cceeeiiiiiiiiiiiiii e 254
12.4.8.1 MODH:L FEZISIEIS. ..ceutteueeieeieeieeiee it ettt ettt ettt e bt et e steeatesaeetesb e e beeseenbeeneeteeneeeseeneesseensesaeensesnean 254

12.4.8.2  CRVHIL TEZISTEIS. c.euvteuiiiienteeitete ettt ettt ettt ettt ettt ettt ettt ae et e bt et s bt et e s bt e b e sbees e sbe et e sbeenee 254

12,49 BDIM IOUE.....c.ocuiiiiiiieiiieiiitceetcetet ettt ettt ettt ettt skt s et a et b et eas 255

12,5 RESEE OVEIVIEW . c.utitieuiietietietieet e ete ettt st e e st e bt et e et es e et e es e e et e en e e ebeemeeseeeabe e et e b e eae e st em e e bt em s e st enseeseemteeaeenseeneenbeemeenseennennean 255
12,60 FTIM INEEITUPES. ¢.utettenteetteteetteet ettt ettt ettt ettt et e h e bt et eb e st s bt et e bt e bt ebt e bt e st e bt ea b e bt eateeb e e st e ebe et e ebeenaeeatenbeenaenbeas 257
12.6.1  Timer OVETTlOW INLETTUPL. .. .eeiuriiiiiriieetieite et ee ettt ettt et ettt et et e st e sate st e e sbteeabee bt e sabeessbesabeesabesabeenbbesnseenseean 257
12.6.2  Channel (11) INEEITUPL. ......coueeiuiiiertt ettt ettt ettt et eae e bt e s ee s bt eseesbeeaeesseenbeebeenbeeseenbeessenteeneeeseeneeeseeneenes 257

Chapter 13
Real-time counter (RTC)

G 20 B 1 L3 (o Ta A Uot 5 o) 1 DO OO TP PR SRS 259
13,2 FALUIES. ...viiiiiieiietect ettt et h et b e b bt et b e b bttt ekt ea et ea e e a e bt e a e h e b b sa bbb et eae 259
13.2.1  MOAES OF OPETALION. ....cuteeiiiiieeriieeitteitte et et st et e st e sate et e esbteeabeeabeesabe e beesateenbeeeabeeabeesabeanbeesabeenbeessseenseennnean 259

13.2. 1.1 WAL IMOAE. ...ttt ettt ettt ettt et h et e e bt et e e st et e eae e bt eaeesbeemeeseeenbesneenbesnnenaeas 259

13.2.1.2 STOP IMOAES. ....eiutiiieiteiteiteettet ettt ettt sttt st b et b et e bttt b et ebt et eat e et eatenbeeatenbeennenaeas 260

13.2.2 BIOCK QEAZIAM....cutiiiiiiiieiiie ettt ettt ettt e b e st e bt e sat e e bt e e st e e bt e sabeeseesabeesbbeenbeensaesnbeensees 260

13.3  REISIET AETINITION. 1. eetteuieiteiie ittt ettt ettt et e h et e st et e st et e es e eheemeeeseeaeeeaeesbeemeeebeemseabeemseebeanteeseenbeeneenseenes 260
13.3.1 RTC Status and Control Register 1 (RTC_SC1)....cooiiiiriiiiiiiiiieieieeteeetete ettt 261
13.3.2 RTC Status and Control Register 2 (RTC_SC2)....cccuiiiiiiiiiiiieiieiierteee ettt sttt 262
13.3.3 RTC Modulo Register: High (RTC_MODH).......ccccotiiiiiiiiiiieie ettt st s 263
13.3.4 RTC Modulo Register: Low (RTC_MODL)......cccccociiiiriiriiiiniiieeteieeteeeee sttt 263
13.3.5 RTC Counter Register: High (RTC_CNTH).....cc.cocttiiiiiiiiiiieiteie ettt st st 263
13.3.6 RTC Counter Register: LOW (RTC_CINTL)......coutiiiiieiiiieie ettt ettt et 264

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
14 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
134 FUNCHONAL AESCTIPLION. 1. .tteutieiiteeitteeite ettt ettt e st e bt e ettt esbee et e e bt e sabeeatesab e e steeabe e baeeabeensteeabeesatesabeessseeabeesbbeenseenseenn 264

13.4.1 RTC OPLration EXAMPIE. ... .ceueetieuietieiierteeie st ettt ete et ete et e e etee bt eseeebeeseeeseeneesseensesseebeeseebeeneenbeensenseensenseenes 265

13.5 Initialization/application INFOIMAION. ..........eouiriiriiiiriitere ettt sttt et sttt et s b ettt e b b e e e 266

Chapter 14
Serial communications interface (SCI)

T4.T TNEFOAUCTION. ..ttt ettt et et et eb bt b bbb et et e e s et e bt ea e e bt eaeebeebesaesuesbeaesnens 269
LA 1.1 FRALUIES. ...ttt s b e s e et 269
14.1.2 MOAES Of OPEIALION. ....c.eiuriuieuieiiiiieiietiete ettt ettt ettt ettt ettt et eae et be et et b e b a et et e e et e st et eaeebe e bt saeene b e 269
14,13 BIOCK QRAGIAIM.....eiuiiiiiiiiiiiieeit ettt sttt ettt e b bbbt sbeeat e sbe et e s bt ebesbeenaesbnenneas 270

14.2 SCI SIZNAL AESCIIPLIONS. ..eeutteeuteetieeiteette ettt et e sttt estte ettt ebeesaseebeesateesbeesabeebeessteeabeessseeabeessbeeaseensseenbeenstesnbeensaesabeensaesnseenne 272
14.2.1 Detailed Signal deSCIIPLIONS. ......cc.eiitieieitieiertt ettt ettt ettt et es ettt eeteeseesbee et eseebeeseebeens e beensenbeensenseenes 272

14.3  REISIET AETINITION. ¢..ceteiiiiieiiteitieteet ettt bbbttt b e bt sb e st eb e et e bt e bt s bt e s bt e bt e s bt eebe s bt enbesbe et e ebeenneenee 272
14.3.1  SCI Baud Rate Register: High (SCIX_BDH).........coooiiiiiiiiiiiiiieeieeeeee ettt 273
14.3.2  SCI Baud Rate Register: Low (SCIX_BDL).......ccctirtiiiiiiieiieeeeee ettt 274
14.3.3  SCI Control Re@ister 1 (SCIX_C1)...iiiiiiiiiiiieieeiieieeitete ettt sttt sttt ettt st se e e s 274
14.3.4  SCI Control ReZISIET 2 (SCIX_C2).c.uuiiiiiiiiiiieeiteet ettt ettt sttt sttt ettt sttt e st esbe e st e esbaesaeeeans 276
14.3.5  SCI Status ReiSter 1 (SCIX_ST).uuiiuiiiiiieie ettt ettt ettt ettt st sae et e s be et esbeestesbeennenbens 277
14.3.6  SCI Status ReiSter 2 (SCIX_S2)....couiiiiiiiieitee ettt sttt sttt st sbe st sbe et sbe e b eas 279
14.3.77  SCI Control ReZISIET 3 (SCIX_C3).c.uuiiiiiiiieiieeiteett ettt sttt st ettt e b e e st e et e bt e bt e st e enbaesaeeennes 280
14.3.8  SCI Data RegiSter (SCIX_D)....c.oiuiiriiiiiiiiiieiiie ettt ettt 282

14.4 FUNCHIONAL AESCIIPTION. .. ..ottt ettt ettt sttt et ettt eb e bt e st sb e et ebe e bt e bt e s bt e st e s bt eabe s bt enbesbe et e ebeeneeene 282
14.4.1  Baud rate SENETALION. ..c...eeiuieitieriieettentie et estte et et e sttt e steesabe e bt e sateeabeesabeesbeesabeenbeeeateenbeesaseeabeesabesnseesssesnseennsenn 283
14.4.2  Transmitter functional dESCIIPLION. ......c.uiiuiiiirtieieeteeie ettt sttt ettt ettt et et esteeaeesbeetesaeebesseenaeeneenneas 283

14.4.2.1 Send break and qUEUEd 1d1e..........ccuiriiriiiiiniiiiieieeeeee et 284
14.4.3  Receiver functional deSCIIPLION. ......iiiuiiiiiieiiieieesitt ettt ettt e e bt et esabe e bt e sabeenbeesabeenee s 285
14.4.3.1 Data Sampling tECANIGUE. .....c..eeuieiiiieie ettt ettt ettt e e e e bt et esaesaeesbeeneesbeeneenaeas 286
14.4.3.2 Receiver WaKe-UpP OPETAtION. ...c..eeuiriteieriieteetteteettente ettt eteste et sbe e be st ebeeat e bt eaeesteentesbeeeesaeeneesaeen 287
14.4.4  TInterrupts and STATUS FlAGS...cccueeruitiitiirieetieete ettt ettt e b e et e bt e st e e bt e sab e e bt e eabeenbeesnbeennee s 288

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 15



h o
g |

|
Section number Title Page
14.4.5  Baud rate tOIEIANCE. ........ccueiiiiiiiiiiiiiic e e 289
14.4.5.1 SIOW data OLEIANCE. .....eetieueieeieie ettt ettt ettt ettt e e ea et es e et e st e sbeeseesbeemeeabeenseabeensesneeneeeneenes 289
14.4.5.2 Fast data tOIETANCE. .........eouivuiiiiiiiieicieeee ettt s 291
14.4.6  Additional SCI fUNCHONS. ......coiiiiiiiiiiiii e s 292
14.4.6.1 8- and 9-bit data MOAES......eeuieeieiiiiieie ettt ettt et e e et e e naesseesbeeneenbeenaenaeas 292
14.4.6.2  StOP MOAE OPEIATION. ..c.veeuiiriiiiieiietieiteett ettt ettt ettt ettt sbe et sbe et sbt e bt ebs e bt estesbeestesbeentesaeeaesneen 292
T4.4.6.3  LLOOP TNOMAC. ....eeiuiieiiiieiieeit ettt ettt sttt st e b e et e bt e st e et esat e e bt e sab e e bt e sabesabeessbeenbeesabeenseesanean 292
14.4.6.4  SINGIE-WIIC OPETALION...c..etititenteteteiteitetteit ettt ettt sttt sa et ettt et et ebe et e bt ebeebe b sae st e sbesaesaennenne 293
Chapter 15
Analog-to-digital converter (ADC)

ST B U1 L3 (o Ta A Uot 5 o) 1 DO RS U PRU SRR 295
IS.1.1 FRALUIES. ...ttt ettt b et et b e b s h ettt ettt et e 295
I5.1.2  BIOCK DIAZTAM. c...eeiitiiiieeiteeiie ettt ettt ettt e st e s at e e ab e s bt e e bt e bee e bt e btesabeessbeenbeessseenseensaeens 296

15.2 External Signal DESCIIPLION. .....c.couetitiriiieiiieteitettee ettt ettt et ettt st bbb et et se et ene et ebeeaeeaeeaeas 296
15.2.1  ANAloZ POWET (VDDIA)....cuiiiiiiiiiitiiteteete ettt ettt ettt et sttt st ebe st e b sbaebesbnenbeeas 297
15.2.2  ANAlOZ GIOUNA (VSSA) .. ittt ettt st e e e s bt e s bt e ea bt e beesabe e bt e sabeesatesabeessaeenseenne 297
15.2.3  Voltage Reference High (VREFH).......ccccoiiiiiiiiiiicceeceteteee ettt 297
15.2.4  Voltage Reference LOW (VREFL).....ccc.coiiiiiiiiiiiietereeese ettt ettt st s 297
15.2.5  Analog Channel INPULS (ADX)....coouuiiitirieiiieniieeie ettt ettt e st e st e bt e s bt esbte s bt esstesabeessbesabeenbaeenseenseenns 297

15.3 ADC CONLIOI REZISLEIS. ...cveviietiteieieteteteit ettt ettt ettt ettt st ettt ettt et et et e st e st e st e bt et e e bt e bt sae et e besae e ensennennennene 298
15.3.1 Status and Control Register I (ADC_SC1).c.eiiiiiiiiiiiiieienieetereetee ettt 298
15.3.2  Status and Control Register 2 (ADC_SC2)......oiuiiiiiiiieeieeiteeteeite sttt ettt sttt st e st sbaesaeeens 300
15.3.3  Status and Control Register 3 (ADC_SC3)....eoiiiieiieiieie ettt sttt ettt e e e eseeseeeeesaeenees 301
15.3.4  Status and Control Register 4 (ADC_SCH4)....ccuioiiiiiiiiieieteese ettt et 302
15.3.5 Conversion Result High Register (ADC_RH).....c.c.coiiiiiiiiiiiiicieeeteeeee ettt 303
15.3.6  Conversion Result Low Register (ADC_RL)......cociiiiiiiiiieiiiee ettt 304
15.3.7 Compare Value High Register (ADC_CVH).....ccccoouiiiiiiiiiiiiiiieiteeteeet ettt 305
15.3.8 Compare Value Low RegiSter (ADC_CVL)..ccc.uiiiiiiiiiiieiit ettt sttt ettt n 305
15.3.9  Pin Control 1 Register (ADC_APCTLI)...ccuioiiiiiiee ettt sttt ettt s eneenaeas 306

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
16 Freescale Semiconductor, Inc.



b -

g |

Section number Title Page
154 FUNCHONAL AESCTIPIION. 1...tteutieiitiestteeiteeite et ettt ettt e st e sat e et e e bt e eab e e bt e s bt ebtesab e e bt e eabe e baeeabeensteeabeesatesabeessbesabeesbbeenseenseean 307
15.4.1 Clock select and diVide CONEIOL.........couiiiiiiiiiiiiieie ettt ettt ettt et e e beeneeseeeneeses 307
15.4.2  TInput select and Pin CONLIOL.......couiiiiriiiiiriiieriteeet ettt ettt et sttt et ettt eate bt eaaesbeenee e 308
1543 HATAWATE tIIZEET.cc..eeiutieiieeitteitie ettt ettt ettt et e bt e et e e bt e st e e bt e sa bt e bt e sab e e bt e sabeeabeesabeenseesabeenseesnseensaesnneenses 308
15.4.4  CONVEISION COMIIOL..uiiutiitiitieiiett ettt sttt ettt et e bt et e bt et e ete e st e s bt eabesbeeaeesseenbeeseenbeeseenbeensenseeneenseensesneeneesne 309
15.4.4.1 INIHALNGZ CONMVEISIONS. ..cutirtteutirtietieiteteettenteette st et e st et e bt estesbeeateste et eebee bt ebte bt sbtenaesaeenbeemsenbeenaenbens 309

15.4.4.2 COMPIELING CONMVETSIONS. ..eeiutieuiiiitieniieeiteniteeteertte et esiteebeessteeateesseeebeessteebeessbesabeesssesnseessseenseensnean 309

15.4.4.3  ADOITING CONVETSIONS. ¢...eutieutietietteiieteeitesteeteateeete et este et eenteeseeteeseesseeseeaseeneesseemsesseensesseentesneensenseenes 310

15.4.4.4 POWET CONIOL.....c.oiiiiiiiiiiiiiiitiiiiiecte ettt 311

15.4.4.5 Sample time and total CONVETSION tIME.......ccovteruieriieriierieeite et eiee st eiee sttt e st ebeesitesbeesaseeneens 311

15.4.5 AUtOmatic COMPATE FUNCHION. .. .euiitieteiiietteiieite ettt ettt ettt ettt e st e eseesbeestesbeenbeebeenteeseenbeeseenseeneesseensesseeaesnean 312
15.4.6  FIFO OPETALION. ....ccutitiiiiieiietieitente ettt ettt ettt ettt ettt et e bt e et e bt e s bt e st s bt eaae s bt et e e bt et e s bt et e ebt et e eat e bt entesbeeneenae 313
15477  MCU Wit MOAE OPETAION. ....vieuiieiieitieriieettesteetee sttt etee sttt ebeesttesabeesatesabeessaeeseesseeebeesstesabeesssesseessseenseenseenn 316
15.4.8  MCU StOP3 MOAE OPETALION. .....cueetieuiitieiiertteteeteeteeteeteetteteesee bt eseeeteeaeeeseeneesseensesseebeeseenbeensenseensenseenseeseenes 317
15.4.8.1 Stop3 mode with ADACK diSabled.........c.cociiiiriiiiiniiiiiiiieiieetecee et 317

15.4.8.2 Stop3 mode with ADACK €nabled..........cccuiiiiiiiiiiiiieiieeeeete et 317

15.5 InitialiZation INfOIMATION. ... ....eeiti ittt ettt ettt et e sttt esteea e st e eaee s bt eateebeen b e et e emtees e e bt eneenbeemeeaseeneesneensesneensensnans 318
15.5.1 ADC module initialization €XamPIE.........ccouereeriiriinirienieeiterieetet ettt sttt sttt st sae sttt sbe e 318
15.5.1.1 INitialiZAtION SEQUETICE. ......veeuieritieriteeieestteeteeette et esiteeateesibeeabeesbtesbeessteeabeesabeeabeesabeenbeesseeebeennseeases 318

15.5.1.2 Pseud0-Code EXAMPIE.....c..ccuertiriiiiiiiiieiieiieteitet ettt sttt ettt ettt ettt sae et s saenes 319

15.5.2  ADC FIFO module initialiZation eXampPle...........coceeriiriirieriirienieieniteteeit ettt ettt sie et sbeeinenieeae 319
15.5.2.1 PSeudO-COAE EXAMPIE.......eeriiiiieiiieiieeiteite ettt ettt sttt st et e et esbtesabeesaeesabeesatesabeesbaeenbeenseenn 320

15.6 APPlICAION INTOITIALION. 1. .eueitieiieetieieettete ettt ettt et et et e e teeat e et e e et es e e bt e st e beeaee st embebeemseeseenseeseenteeseeseeneesaeeneenseeneennean 321
15.6.1  External pins and TOULINEZ. .......cooueiiiriiitintieienit ettt ettt ettt ettt st sbt et et e bt e st e sbeeatesbeentesbeenaesbaenbesanens 321
15.6.1.1 ANALOZ SUPPLY PINS..ueiiuiiiiiiiiiieiiteite ettt ettt ettt ettt et e sttt e s st e bt e sabeeabeesabeebeeseteenbeesaneenbes 321

15.6.1.2  ANAlOZ IEIEIEINCE PIIS. .. .eeuiieietieiieitieiieit ettt ettt ettt e et et esteeste s bt e e eb e e beeseenbeenee et eneesseentesaeensesnean 321

15.6.1.3  ANALOZ INPUL PINS.cutiiitiriiiiiitiiteriteteet ettt ettt sttt ettt et ettt e atesb e e st e sbe et sbeebesbeebesanenaeas 322

I5.6.2  SOUICES Of BITOT......uiiuiiiiiiiiiiiiiiiici et e sa e s 323
15.6.2.1  SAMPIING ©ITOT.......eeuiiitieiiitiete ettt ettt ettt e bt et e et e stesa e e bessee bt este bt enteebeenteeseenteeneenseeneenseeneas 323

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 17



h o
g |

|
Section number Title Page
15.6.2.2  Pinl IEAKAZE EITOT. ... .eetieeieieiieeiteeite ettt sttt ettt ettt et e st e et esab e e bt e sab e e bt e sstesabeesabeeabeesaseenseenaeenn 323

15.6.2.3 NOISE-INAUCEM CITOLS. ....veuietieiietieiieetiete et te et e st e eteste et e s bt etesbeesteeseenteesee et eseesbeemeesseensesneensesneennens 323

15.6.2.4 Code width and qUANTIZAION ETTOT......cc.eeuirtiiiiritetieieete ettt ettt ettt sb ettt et sae et sbeeeeeae 324

15.6.2.5  LANEATILY @ITOTS . .eeitteeutieitieiteeiteeittertteeateestteeabe e tte s bt esttesabeesstesabe e baeeabeensteeabeesseesabeessbesabeenbaeenseenseenn 325

15.6.2.6 Code jitter, non-monotonicity, and MiSSING COACS........ciurruirieriirieiieierit ettt 326

Chapter 16
Analog comparator (ACMP)

LT B U1 L3 (o Ta Ml Tet 5 o) 1 DO OSSPSR 327
LO.1.T  FRALUIES. ...ttt ettt ettt be bbbttt ea s 327
16.1.2 MOAES OF OPETALION. ....c.uvieiiiiieeriieettertte et eette st et e st e bt e et e e bt e eabe et eesabe e btesabeenbeesabe e beesabeenbeesabeenbeessseenseennnean 327

16.1.2.1 Operation in Wait NOGE. ......cc.eeieriiiieie ettt ettt ettt ete s e bt eseesbesseesbeeneesbeenaenaeas 328
16.1.2.2 Operation in StOP3 MOUE........coueiiiriiiiiniiiiieiieie ettt ettt st sttt ettt sbe et b etesaeenaeeaees 328
16.1.2.3  Operation in Debug MOGE..........ooouiiiiiiiiiiiiiiieiect ettt sttt ene e 328
16.1.3  BIOCK QIAGIAIMN. .. .euiiiieiii ittt ettt s a et e bt et e st et e e st e bt es e e bt eneeebeeneesaeenbesaeenbeeseenseeneanneas 328

16.2 External SiZNal dESCIIPIION. .....cc.titiriiiiieitiieeiterte ettt ettt ettt ettt sb et sb et sbte bt s bt e bt ebtesbeeabesbeeabesbe et e ebeeneeeae 329

16.3 Memory map and reZiSter AfiNTTION. .......eiiuiiiiiiiieiiieiieet ettt ettt st e st e sabe e s bt e e bt esateebeeeaeeeabes 329
16.3.1 ACMP Control and Status Register (ACMP_CS).......ooouiiiiiiieie ettt 330
16.3.2  ACMP Control Register O (ACMP_C0)......coouiiiiiiiiiiiitiiteestete sttt ettt 331
16.3.3  ACMP Control Register 1 (ACMP_C1)......c.ccoiiiiiiiiiieiiieieieeeeeee et 331
16.3.4  ACMP Control Register 2 (ACMP_C2)......ooiiiieieieeee ettt ettt ettt ettt et e e e eae 332

16.4 FUNCHIONAL ESCIIPIION. .. ..etiiuiiiiititieteettete ettt ettt ettt ettt et ettt b e s bt e st sb et e bt e bt s bt e s bt ebt e s bt eabesbeenbesbe et e ebeenneenee 332

16.5 Setup and oOperation Of ACIMP........couiiiiiiiet ettt ettt et e st e e bt e e st e e bt e sabe e bt e sabeebeesaneebeenaees 333

LO.0  RESEES. ..uiuiitieiie ettt ettt ettt ettt et et e et e at e bt e et et e e et e bt em s et e ea s e b e e n b e eh e e a et e R e e teea e e ehe et e eheeateeh e e teeheenbeeh e e bt enee bt eneeeaeenees 334

LO0.7  TIERITUPLES. ¢ttt ettt ettt ettt ettt e et b e bt e b et b e bt ea e eb e et e bt et e bt e bt e bt e bt ehte s bt eab e s bt ee b e bt e st e ebeeabeebeenteebeeaeebeenaeeneenaes 334

Chapter 17
Watchdog (WDOG)

171 INEFOAUCTION. ..ttt sttt ettt et e b b b bbb ettt e et e st e st eaeeaesaeebesbesue st eaennens 335
I7.1.1 0 FRALUIES. ...t b e st a et 335
17.1.2 BIOCK QAGIAIMN. ....eiietieie ittt ettt sttt s at et e bt et e e s e bt e s e e bt e s e e bt eneeeseeneesaeenbesaeenbeeneenseeneanneas 336

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
18 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
17.2 Memory map and reZiSter AfiNTTION. .......coiutiiiiiriieiiteieet ettt et st et e sabe e s bb e e bt e s bt e enbeeeaneeases 337

17.2.1 Watchdog Control and Status Register 1 (WDOG_CS1)...c.coiiiiiiiiiiieieeeieeeeee et 337
17.2.2  Watchdog Control and Status Register 2 (WDOG_CS2)......coeiviiriiiiniiienieieeieieetesieete et 339
17.2.3 Watchdog Counter Register: High (WDOG_CNTH).......coocuiiiiiiiiiiiiiieceeeeeee e 340
17.2.4 Watchdog Counter Register: Low (WDOG_CNTL)......cocuiiiiiiiiiiieiieieeieeete et 340
17.2.5 Watchdog Timeout Value Register: High (WDOG_TOVALH)........cccceeiiiiiiiiiniiiiiiinieiienceeneeeeeiesens 341
17.2.6  Watchdog Timeout Value Register: Low (WDOG_TOVALL)......cccctiriiriiiiienieiiteeieeee sttt 341
17.2.7 Watchdog Window Register: High (WDOG_WINH)........cccooiiiiiiiiiiiiieeeeee e 342
17.2.8 Watchdog Window Register: Low (WDOG_WINL).....cc.coceriiiimiiiiniiiienicieeteieeteste et 342
17.3 FUNCHONAL AESCTIPIION. 1...teeutieiitietteeiit ettt ettt ettt st e stt e et e e bt e eabeebeeeabeebtesab e e bt e eabe e beeeabeeseeeabeesatesabeessbeeabeesbbesnseenneean 343
17.3.1 Watchdog refresh MEChaniSIML..........oiuiiiiiiiieee ettt et b e et sae e 343
17.3.1.1 WINAOW MOGE.......ooiiiiiiiiiiiiiiiiiietecete ettt et st 344

17.3.1.2 Refreshing the WatChdOg.........coouiiiiiiiiiiiiieiece ettt st ettt e sbee e e 344

17.3.1.3 Example code: Refreshing the Watchdog...........cooviiiiiiiiiiiieeeee e 345

17.3.2  Configuring the WatChAOZ. .....cc.uiiuiiiiriiiiiiiii ettt ettt st st eae st sbs e b eaeebeeae 345
17.3.2.1 Reconfiguring the WatChdOg...........eivuiiiiiiiiiiit ettt e 345

17.3.2.2 UnlocKing the WatChdOg. ......c.eeuieiiiiiiieie ettt sttt ettt be e neene 346

17.3.2.3 Example code: Reconfiguring the WatChdog.........c..cocveviriiniiiiiniiiinicinccceeeeec e 346

17.3.3  CIOCK SOUICTE......cuiiiiiiiiiicieicctce e sttt a e sa e 346
17.3.4  USING INEITUPLS tO QLAY T@SELS. ...eeueetieieitieteitiete et iet et te ettt ettt ettt e bt eteseeebe e bt et e eseebeese et e eneeeseeneesneeneeses 348
17.3.5  BACKUP TESCL.cuitieiiiiteiteettet ettt ettt ettt ettt e h e b e et s bt et s bt et e bt et e e bt et e e bt et e eat e bt estesbeentenae 348
17.3.6  Functionality in debug and IOW-POWET MOAES..........ceuiiriiriiieriiieieeiie ettt ettt 348
17.3.7  Fast testing of the WatCRAOZ.......c.ccveiiiiiiiiiiire ettt ettt ettt et 349
17.3.7.1 Testing each byte of the COUNET........cceeiiiriiiiiiiiiiieeeeteee et 349

17.3.7.2 ENtEriNG USET TNOUE. ... .eeiuiiiiiieiieiieiieeitte et et e sttt et e et ebte st e ebeesateebtesateebeesabesabeessbeenbeesaseenseenanean 350

Chapter 18
Development support

I8.1 TNEFOAUCTION. ...ttt e e b e e b sttt a e b e aesa e b e eaesaesbeaesnen 351
18.1.1 Forcing active DACKGIOUNG. .........oouiiiiiiieiieee ettt ettt et sttt s eeebe st e besbe e beeneeaeene 351

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 19



h o
g |

|

Section number Title Page
I8.1.2  FRALUIES. ...ttt s b e e et 351

18.2 Background debug controller (BIDIC).......ccuiiuiiiiiiiiieieieee ettt ettt ettt sttt st ae et nbe e nnean 352
18.2.1  BKGD PIN AESCIIPIION. .. .eeutiiiiniieititeeitesteete sttt sttt ettt et b ettt ettt e et sbt et sbeenae s bt enbesbtenbeeasenbeesnenbeeas 353
18.2.2  Communication dETALlS..........ccueiiiiiiiiiiiiiiiie e s 354
18.2.3  BDC COMIMANGS. ...ttt sttt ettt ettt e bt e e te et e s et eaee e st e be e st enbeesee b e ense bt emtesaeeneeeaeensesneenbesnnenseennens 356
18.2.4  BDC hardware DIEakPOint..........cccuevieiiriiiirieie ettt ettt ettt ettt st e e st e st st e b st enbesbaenbesinenbeeas 359

18.3 On-chip debug SyStem (DBG)......ccuiiiuiiiiiiiiiiit ettt ettt ettt e bt e s bt et e e sbe e e bt e sbtesabe e beesateenbaesnbeenne 359
18.3.1  Comparators A and B.........cc.ooiiiiiiii e ettt a ettt eeae et e eneeaeenean 360
18.3.2  Bus capture information and FIFO OPEIration.........c.ccoeerieriiiiriiniinienieeieniceie ettt 360
18.3.3  Change-of-floW INTOIMAION. .....cccuiiiiiiiiieiie ettt ettt et ettt e b e s be et e st e e bt e sabe e baesaneennes 361
18.3.4 Tag vs. force breakpoints and trIZEEIS. .. ...eeuveuiruieritiierieeieite ettt ete st et et et et e et estesaeeneeeseesbeeneeseeeneesaeennens 362
18.3.5  TIIZEET MOMES. ..c.ueeiiiiiiiieiieeit ettt ettt ettt ettt b bbbt b et eb e bt eht e e bt e st e sbtem bt sbe e be e bt e besae et e e et e bt entesbeenee 363
18.3.6  Hardware DIEaKPOINLS. ......ccviiiuiieiieiieiteeeite ettt ettt ettt e st e bt e s bt e bt e sab e e bt e s abeeabeesabeenbeesabeeseesaseenbaesnseenss 364

18.4 Memory map and regiSter AESCIIPLION. ... .ccueeuiruierteeiiertee et ettt ettt ettt e bt eaee et e atesteeaeesbeeneesbeenseabeeaseeseenseeseenseeneenseenes 365
18.4.1 BDC Status and Control Register (BDC_SCR).....cc..couiriiriiiiiniiiirieienieee ettt 365
18.4.2 BDC Breakpoint Match Register: High (BDC_BKPTH)......cccccooiiiiiiiiiiiiiiieeieceee e 367
18.4.3 BDC Breakpoint Register: Low (BDC_BKPTL)......c.cccciiiiiiiieiiiiee ettt 368
18.4.4  System Background Debug Force Reset Register (BDC_SBDFR)........coccoiiiiniiiiniiiiiienicniceeieeeeeiene 368

Chapter 19
Debug module (DBG)

19,1 INEFOAUCTION. ..ttt ettt ettt e b b bbb b st et e e e et e st ea e eu e eaesaeeseebesue st enennens 371
LO.1.1 FRALUIES....cuviiiiiiiiei e s s a bbb 371
19.1.2 MOAES Of OPEIALION. ....c.eeutiuieiieiiiiieiietieie ettt ettt ettt ettt ettt eb ettt et et be e a et et e et et et eae bt e bt sueene b e 372
19.1.3  BIOCK QRAGIAIM.....eiuiiiiiiiiiiiiieeiteeet ettt ettt ettt e b bbbt sb e e st e sbe et e s bt enbesbeeaesbne b 372

19.2 ST@NAL AESCTIPION. ¢...eeitieiiieritieiteeit ettt ettt ettt st et b e et e esbee et e e ettt sa bt e sateeabeessbeeabee bt e eabeessteeabeeeabesabeesabeenseenaseenbeesnseenses 373

19.3 MemOry MapP AN TEZISTETS. ....ceueeuiiuieiirtieterte ettt sttt ettt et et est et e bt eueeb e e bt saeete e b e s aese et et e s et easenteneenteueentebeebesbesaestenbeee 373
19.3.1 Debug Comparator A High Register (DBG_CAH).......ccoceiviiniiiiniiiiniciestcieetee et 374
19.3.2 Debug Comparator A Low Register (DBG_CAL)....cc.coiiuiiiiiiiiiiiiieiteetetee ettt 375
19.3.3  Debug Comparator B High Register (DBG_CBH)....c..ccccccouiiiiiiiiiiiiininserceeeceetete e 376

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
20 Freescale Semiconductor, Inc.



h o
g |

L ______________________________________________________________________4
Section number Title Page
19.3.4 Debug Comparator B Low Register (DBG_CBL).......ccccoiiiiiiiiiiiiieieetee ettt s 376
19.3.5 Debug Comparator C High Register (DBG_CCH).......cccceiiiiiiiiiiiiiiiiiiseseneseteeeceeeteeeie e e 377
19.3.6 Debug Comparator C Low Register (DBG_CCL).......ccceeviiriiriiiiiniiienieeiesieeesiteteeit ettt 378
19.3.7 Debug FIFO High Register (DBG_FH)......c.cccccooiiiiiiiiiiiicieereeree et 378
19.3.8  Debug FIFO Low Register (DBG_FL).....cc.cccoioiiiiiiiiiniiietisesesteetetestet ettt st 379
19.3.9 Debug Comparator A Extension Register (DBG_CAX)......cocerviiriiiiiniiiiniiiieieieetesieete et 380
19.3.10 Debug Comparator B Extension Register (DBG_CBX)......c.cooiuiiiiiiriiiiiiniiiiesieeiteseeiee et 381
19.3.11 Debug Comparator C Extension Register (DBG_CCX).....cc.ccevuriririnininininenieseieneeeeeereeeeeie e e 382
19.3.12 Debug FIFO Extended Information Register (DBG_FX).......cccccoveiiiniiiiniiiiiiiieieceeeeceeeeee e 383
19.3.13 Debug Control Register (DBG_C)....cccutiriiiiiiiiieeiieiieeitesitt ettt sttt ettt st e st st esabesbeesebeeseenaee s 383
19.3.14 Debug Trigger Register (DBG_T).....cccoceririiiiriiniiiiieicicieteeetet ettt sttt 384
19.3.15 Debug Status RegiSter (DBG_S)...c..cootiiiiiiiiitieiteteeitete ettt sttt ettt ettt ebe et sttt e e enees 386
19.3.16 Debug Count Status Register (DBG_CNT)....ccc.coiiiiiiiiiiiiieeiecie ettt sttt 387
19.4 FUNCtIONAl AESCIIPIION. ..c..eutiuiiiiiuieiieiieiteitet ettt sttt ettt ettt ettt et eb e bt be e st be st et et et e e ese e st eateueebe e bt ebeeneebesaeseennen 388
LOA T COMPATALOT ...ttt ettt ettt et sb et h e ettt et e bt et e bt et e eb e e saeeb e e sbeeate s bt ebbesb e eateeb e es b e eb e e st e ebeenteebeeteemeenaeeneen 388
19.4.1.1 RWA and RWAEN in full MOdes.........ccccoeiiiiiiiiiiiiiiiiiiciciicccc e 388

19.4.1.2 Comparator C in 100p1 capture MOE..........cceeiruiriirereriinienienieieieteteeee ettt 388

19,42 BIEAKPOINES. ..cuueouiiutiiiiiieeiieeieete sttt ettt ettt ettt sttt e b et s bt e bt s bt e bt ebt e bt eb b e bt e bt et e eateebe e st e sbeenaesbeeneeeaeen 389
19.4.2.1 Hardware BIeaKPOINLS. .......eeeverruieriieitenit ettt ettt st et e sttt e bt e sateesbeesabeeabeesabeenbeesaseebeesseeenses 389

19.4.3  TIIZEET SCIECHION. .. ettt ettt sttt ettt ettt b bt st se b s a ettt ateneeue bt suesb e besaenaennen 390
19.4.4  Trigger break CONtrol (TBO).....cuoiiiiiiiiiiiiiieeeee ettt sttt sttt s 390
19.4.4.1 Begin- and @Nd-tTIZEET.......ueettiiieiiieiie ittt ettt ettt et e st et e e sate e bt e sabeebeesabeebeesabeebeesseeenbes 391

19.4.4.2 Arming the DBG MOUIE. .....c..cccoiiiiiiiiiiiiiiiiei ettt s 391

19.4.4.3  TIIGEET TNOAES. c..cueitiiuietiiteeteet ettt ettt ettt ettt et sb e et b et s bt et e bt et e ebe et ebeenbe e st e bt eaeenaeenees 392

LO.4.5  FIFO...ciiiiiiiiieiee ettt ne 394
19.4.5.1 Storing data in FIFO......c..ccociiiiiiiiiiiieeecet ettt ettt s 395

19.4.5.2 Storing With BEZIN-tIIZEET ... c..eotiiiiiiiiiieeetere ettt ettt ettt s nae s 395

19.4.5.3  Storing With @NA-tITZEET....c...eeruiiiiiiiiieeiiette ettt ettt ettt et e st e e bt e st e sbeesabesbeesabesnbeens 395

19.4.5.4 Reading data from FIFO..........cccoociiiiiiiiiiiiiieeieieteteee sttt e 395

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 21



PR 4

Section number Title Page
19.4.60  TNLETTUPL PIIOTILY c.uvveiutieiieeiteeriteeteestte et ettt et e st e et e sbeeeabeesbte e bt eestesabeesabeeabeesbteeabeenbeeeabeenseesabeesabeeabeesbseenseeseean 396
10,5 RESELS...ietieiuiieiteeeie et e ettt et e ettt e stte ettt esteeeateeteeesbaesseessbeessaeasse e saeasseeasaeaasaenseeeeseeaseeess e e saeenbeeteeenbeeseeenbeeanseenbeeasseesaeseeans 397

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

22 Freescale Semiconductor, Inc.




g |

Chapter 1
Device Overview

1.1 Introduction

These devices are members of the low-cost, high-performance HCS08 family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced HCSO08 central
processor unit and are available with a variety of modules, memory sizes and types, and
package types. The following table summarizes the peripheral availability per package

type for the devices available.

Table 1-1. Memory and package availability

Feature MC9S08PA4

Flash size (bytes) 4,096

EEPROM size (bytes) 128

RAM size (bytes) 512

SOIC-20 Yes

TSSOP-16 Yes

Table 1-2. Feature availability
Pin number 20-pin 16-pin
Bus frequency (MHz) 20 20
IRQ Yes
WDOG Yes
DBG Yes
IPC Yes
ICS Yes
XOSC Yes
RTC Yes
SClio Yes
ACMP Yes
FTMO channels 2-ch 2-ch

Table continues on the next page...
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wmuu block diagram

Table 1-2. Feature availability (continued)

Pin number 20-pin 16-pin
FTM1 channels 2-ch 2-ch
ADC 8 8
KBI pins 8 8
GPIO 18 14

1.2 MCU block diagram

The block diagram below shows the structure of the MCUs.
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HCS08 CORE

CPU BDC

SYSTEM INTEGRATION

KEYBOARD INTERRUPT
MODULE (KBI0)

MODULE (SIM)
‘ WDG H IRQ
‘ 1 kHz OSC H LVD

2-CH FLEX TIMER
MODULE (FTMO)

INTERRUPT PRIORITY
CONTROLLER(IPC)

2-CH FLEX TIMER
MODULE (FTM1)

ON-CHIP ICE AND
DEBUG MODUE (DBG)

SERIAL COMMUNICATION
INTERFACE (SCI0)

USER FLASH
MC9S08PA4 = 4,096 bytes

ANALOG COMPARATOR
(ACMP)

USER EEPROM
MC9S08PA4 = 128 bytes

REAL-TIME CLOCK
(RTC)

USER RAM
MC9S08PA4 = 512 bytes

20 MHz INTERNAL CLOCK

SOURCE (ICS)
EXT,

EXTERNAL OSCILLATOR
XJAL SOURCE (XOSC)
Vbp
Vo5 ™ POWER MANAGEMENT
Ea— CONTROLLER (PMC)
V—H‘VREF 8-CH 12-BIT

DDA, - =

VREFr ANALOG-TO-DIGITAL
Vssag, | CONVERTER(ADC)

1. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.
2. PTBO operates as true open drain when working as output.
3. PTB4 and PTB5 can provide high sink/source current drive.

1.3 System clock distribution

These series contain three on-chip clock sources:

Port B

Port A

Figure 1-1. MCU block diagram

| Port C |

Chapter 1 Device Overview

[<—>PTA0/KBIOPO/FTMOCHO/ACMPO0/ADPOQ
[<—>PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
[<—>PTA2/KBIOP2/FTMOCHO/RxD0/ADP2
[<—>PTA3/KBIOP3/FTMOCH1/TxD0/ADP3
<—>PTA4/ACMPO/BKGD/MS'
[<—>PTA5/IRQ/FTM1CHO/RESET

<—>PTB0/KBIOP4/RxD0/TCLKO/ADP42
~<—>PTB1/KBIOP5/TXDO/ADP5
~<—>PTB2/KBIOP6/ADP6
<—>PTB3/KBIOP7/TCLK1/ADP7
<—>PTB4/FTM1CH0®
<—>PTB5/FTM1CH13
~<—>PTB6/XTAL

<—>PTB7/EXTAL

[<—>PTCO
[<—>PTCH
[<—>PTC2
[<—>PTC3

* Internal clock source (ICS) module — The main clock source generator providing
bus clock and other reference clocks to peripherals
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» External oscillator (XOSC) module — The external oscillator providing reference
clock to internal clock source (ICS), the real-time clock counter clock module (RTC)
and other MCU sub-systems.

* Low-power oscillator (LPO) module — The on-chip low-power oscillator providing
1 kHz reference clock to RTC and watchdog (WDOG).
NOTE
For this device, the system clock is the bus clock.

The following figure shows a simplified clock connection diagram.

1-kHz |LPOCLK
LPO

XTAL -a—
osc OSCOUT

EXTAL—> ICSIRCLK TCLKO TCLK1

vy * AJ

WDG RTC ADC ACMP FTMO FTM1

A
ICSFFCLK [ 75l
Ics ICSCLK (~8 MHz after resgt) L

Y Y

CPU RAM FLASH BDC DBG IPC SCIo KBIO

ICSLCLK

Figure 1-2. System clock distribution diagram
The clock system supplies:

* ICSCLK(BUS) — This up to 20 MHz clock source is used as the bus clock that is
the reference to CPU and all peripherals. Control bits in the ICS control registers
determine which of the clock sources is connected:

* Internal reference clock
e External reference clock
* Frequency-locked loop (FLL) output

* ICSLCLK — This clock source is derived from the digitally controlled oscillator
(DCO) of the ICS when the ICS is configured to run off of the internal or external
reference clock. Development tools can select this internal self-clocked source (8
MH?z) to speed up BDC communications in systems where the bus clock is slow.
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e [CSIRCLK — This is the internal reference clock and can be selected as the clock
source to the WDOG module.

* ICSFFCLK — This generates the fixed frequency clock (FFCLK) after being
synchronized to the bus clock. It can be selected as clock source to the FTM
modules. The frequency of the ICSFFCLK is determined by the setting of the ICS.

* LPOCLK — This clock is generated from an internal low power oscillator (=1 kHz)
that is completely independent of the ICS module. The LPOCLK can be selected as
the clock source to the RTC or WDOG modules.

e OSCOUT — This is the direct output of the external oscillator module and can be
selected as the clock source for RTC, WDOG and ADC.

e TCLKO — This is an optional external clock source for the FTMO module. The
TCLKO must be limited to 1/4th frequency of the bus clock for synchronization.

e TCLK1 — This is an optional external clock source for the FTM1 module. The
TCLKI1 must be limited to 1/4th frequency of the bus clock for synchronization.
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Chapter 2
Pins and connections

2.1 Device pin assignment

PTA5/IRQ/FTM1CHO/RESET [ 1 20| _] PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
PTA4/ACMPO/BKGD/MS [_| 2 191 PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
Voo (|3 18] _1 PTA2/KBIOP2/FTMOCHO/RXDO/ADP2
Vss [ |4 17|__] PTAS3/KBIOP3/FTMOCH1/TXxDO/ADP3
PTB7/EXTAL [ 5 16[ ] PTBO/KBIOP4/RXxDO/TCLKO/ADP42
PTBE/XTAL [ 6 15]__1 PTB1/KBIOP5/TxDO/ADP5
PTB5/FTMICHT [ | 7 14| ] PTB2/KBIOP6/ADP6
PTB4/FTMICHO' [ | g 131 PTB3/KBIOP7/TCLK1/ADP7
PTC3 [ ]9 12[ ] PTCO
PTC2 [ 10 11 pTeCt

Pins in bold are not available on less pin-count packages.
1. High source/sink current pins

2. True open drain pins

Figure 2-1. MC9S08PA4 20-pin SOIC package

PTA5/IRQ/FTM1CHO/RESET | 1 16|__] PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
PTA4/ACMPO/BKGD/MS [ | 2 15]_] PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
Vop |3 14|__] PTA2/KBIOP2/FTMOCHO/RxDO/ADP2
Vss [ |4 13[__] PTA3/KBIOP3/FTMOCH1/TxDO/ADP3
PTB7/EXTAL [ |5 12| 1 PTBO/KBIOP4/RxDO/TCLKO/ADP42
PTBE/XTAL [ |6 111 PTB1/KBIOP5/TxDO/ADP5
PTBS/FTMICHT [| 7 10 __] PTB2/KBIOP6/ADP6
PTB4/FTMICHO' [ | g 9|1 PTB3/KBIOP7/TCLK1/ADP7

Pins in bold are not available on less pin-count packages.
1. High source/sink current pins
2. True open drain pins

Figure 2-2. 16-pin TSSOP package
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2.2 Pin functions

2.2.1 Power (Vpp, Vss)

Vpp and Vgg are the primary power supply pins for the MCU. This voltage source
supplies power to all I/O buffer circuitry and to an internal voltage regulator. The internal
voltage regulator provides a regulated lower-voltage source to the CPU and to the MCU's
other internal circuitry.

Typically, application systems have two separate capacitors across the power pins. In this
case, there should be a bulk electrolytic capacitor, such as a 10 pF tantalum capacitor,
that provides bulk charge storage for the overall system and a 0.1 puF ceramic bypass
capacitor located as near to the paired Vpp and Vgg power pins as practical to suppress
high-frequency noise.

MCU

UVDD U Vss
—F——

0.1 uF
+
0—' %4)
c2
O —
Vbp

Figure 2-3. Power supply bypassing

2.2.2 Oscillator (XTAL, EXTAL)

The XTAL and EXTAL pins are used to provide the connections for the on-chip
oscillator. The oscillator (XOSC) in this MCU is a Pierce oscillator that can
accommodate a crystal or ceramic resonator. Optionally, an external clock source can be
connected to the EXTAL input pin. The oscillator can be configured to run in stop3
mode.

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
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Chapter 2 Pins and connections

Refer to the following figure, Rg (when used) and Rg must be low-inductance resistors
such as carbon composition resistors. Wire-wound resistors, and some metal film
resistors, have too much inductance. C1 and C2 normally must be high-quality ceramic
capacitors that are specifically designed for high-frequency applications.

MCU
L]
EXTAL XTAL
Rs
MY
Re
1
X1
:F (03 ?é C2

T
Figure 2-4. Typical crystal or resonator circuit

R is used to provide a bias path to keep the EXTAL input in its linear range during
crystal startup; its value is not generally critical. Typical systems use 1 M to 10 M.
Higher values are sensitive to humidity and lower values reduce gain and (in extreme
cases) could prevent startup.

C1 and C2 are typically in the 5 pF to 25 pF range and are chosen to match the
requirements of a specific crystal or resonator. Take into account printed circuit board
(PCB) capacitance and MCU pin capacitance when selecting C1 and C2. The crystal
manufacturer typically specifies a load capacitance, which is the series combination of
C1 and C2 (which are usually the same size). As a first-order approximation, use 10 pF as
an estimate of combined pin and PCB capacitance for each oscillator pin (EXTAL and
XTAL).

2.2.3 External reset pin (RESET) and interrupt pin (IRQ)

A low on the RESET pin forces the MCU to an known startup state. RESET is
bidirectional, allowing a reset of the entire system. It is driven low when any internal
reset source is asserted. This pin contains an internal pullup resistor.

RESET shares an I/O pin with PTAS. The RESET pin function is enabled by default after
POR reset, because internal power-on reset and low-voltage reset circuitry typically make
external reset circuitry unnecessary. This pin is normally connected to the standard 6-pin
background debug connector so that a development system can directly reset the MCU

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
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system. If RESET function of PTAS/IRQ/FTM1CHO/RESET pin is enabled, a manual
external reset can be added by supplying a simple switch to ground (pull reset pin low to
force a reset). When the RESET pin function is enabled, an internal pullup resistor is
connected to this pin and a reset signal can feed into MCU with an input hysteresis. POR
reset brings RESET pin into its default configuration, reset other than POR has no effect
on the RESET pin function configuration.

When PTAS/IRQ/FTM1CHO/RESET is enabled as IRQ pin, it is the input source for the
IRQ interrupt and is also the input for the BIH and BIL instructions. IRQ is asynchronous
external interrupt pins.

In EMC-sensitive applications, an external RC filter is recommended on the reset pin.
See the following figure for example.

LHPTAS/IRO/FTM1 CHO/RESET

.
=

4.7kQ-10kQ

Vbp

Figure 2-5. PTA5/IRQ/FTM1CHO/RESET external RC filter

2.2.4 Background/mode select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset, the PTA4/ACMPO/
BKGD/MS pin functions as a mode select pin. Immediately after internal reset rises the
pin functions as the background pin and can be used for background debug
communication. While the pin functions as a background/mode selection pin, it includes
an internal pullup device and a standard output driver.

The background debug communication function is enabled when SOPT1[BKGDPE] bit
is set. SOPT1[BKGDPE] is set following any reset of the MCU and must be cleared to
use the PTA4/ACMPO/BKGD/MS pin's alternative pin functions.

If this pin is floating, the MCU will enter normal operating mode at the rising edge of
reset. If a debug system is connected to the 6-pin standard background debug header, it
can hold BKGD/MS low during the POR or immediately after issuing a background
debug force reset, which will force the MCU into active background mode.

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
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The BKGD pin is used primarily for background debug controller (BDC)
communications using a custom protocol that uses 16 clock cycles of the target MCU's
BDC clock per bit time. The target MCU's BDC clock can run as fast as the bus clock, so
there should never be any significant capacitance connected to the BKGD/MS pin that
interferes with background serial communications. When the pin performs output only
PTAA4, it can drive only capacitance-limited MOSFET. Driving a bipolar transistor
directly by PTA4 is prohibited because this can cause mode entry fault and BKGD errors.

Although the BKGD pin is a pseudo open-drain pin, the background debug
communication protocol provides brief, actively driven, high speedup pulses to ensure
fast rise time. Small capacitances from cables and the absolute value of the internal
pullup device play almost no role in determining rise and fall time on the BKGD pin.

PTA5/IRQ/FTM1CHO/RESET

] UL

Optional Manual Reset

|

BKGD/MS

\\lvss DO Vo
=10 O

Figure 2-6. Typical debug circuit

2.2.5 Port A input/output (I/0) pins (PTA5-PTAOQ)

PTAS5-PTAO except PTA4 are general-purpose, bidirectional I/O port pins. These port
pins also have selectable pullup devices when configured for input mode except PTA4.
The pullup devices are selectable on an individual port bit basis. The pulling devices are
disengaged when configured for output mode.

PTA4 is output only when used as port pin. The pulling device is disabled at this
condition.

2.2.6 Port B input/output (I/0) pins (PTB7-PTBO0)

PTB7-PTBO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.
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PTBO provide true open drain when operated as output.

2.2.7 Port C input/output (I/0) pins (PTC3-PTCO0)

PTC3-PTCO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, and the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.8 True open drain pins (PTBO)

PTBO operates in true open drain mode.

2.2.9 High current drive pins (PTB4, PTB5)

When high current function is enabled, PTB4 and PTBS5 can drive output current. Each
high current drive pin can drive higher sink/source current than the other normal pins,
please refer to data sheet for the drive capacity.

2.2.10 Peripheral pinouts

These MCUs support up to 18 general-purpose 1/O pins, which are shared with on-chip
peripheral functions (FTM, ACMP, ADC, SCI, KBI, etc.). These 18 general-purpose 1/0O
pins include one output-only pin (PTA4).

When a port pin is configured as general-purpose input, or when a peripheral uses the
port pin as an input, the software can enable a pullup device.

When a high current drive port pin is configured as general-purpose output or when a
peripheral uses the port pin as an output, software can select alternative drive strengths.

For information about controlling these pins as general-purpose I/O pins, see the Parallel
input/output. For information about how and when on-chip peripheral systems use these
pins, see the appropriate module chapter.

Immediately after reset, all pins are configured as high-impedance general-purpose 10
with internal pullup devices disabled.
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Table 2-1. Pin availability by package pin-count

Pin Number Lowest Priority <-- --> Highest

20-SOIC 16-TSSOP Port Pin Alt1 Alt 2 Alt3 Alt4
1 1 PTA5 IRQ FTM1CHO — RESET
2 2 PTA4 — ACMPO BKGD MS
3 3 — — — — Vbp
4 4 — — — — Vss
5 5 PTB7 — — — EXTAL
6 6 PTB6 — — — XTAL
7 7 PTB5! — FTM1CHA1 — —
8 8 PTB4! — FTM1CHO — —
9 — PTC3 — — — —
10 — PTC2 — — — —
11 — PTCA — — — —
12 — PTCO — — — —
13 9 PTB3 KBIOP7 — TCLK1 ADP7
14 10 PTB2 KBIOP6 — — ADP6
15 11 PTB1 KBIOP5 TxDO — ADP5
16 12 PTB0? KBIOP4 RxDO TCLKO ADP4
17 13 PTA3 KBIOP3 FTMOCH-1 TxDO ADP3
18 14 PTA2 KBIOP2 FTMOCHO RxDO ADP2
19 15 PTA1 KBIOP1 FTMOCH-1 ACMP1 ADP1
20 16 PTAO KBIOPO FTMOCHO ACMPO ADPO

1. This is a high current drive pin when operated as output. Please see High current drive for more information.
2. This is a true open-drain pin when operated as output.

When an alternative function is first enabled, it is possible to
get a spurious edge to the module. User software must clear any
associated flags before interrupts are enabled. The table above

Note

illustrates the priority if multiple modules are enabled. The

highest priority module will have control over the pin. Selecting

a higher priority pin function with a lower priority function

already enabled can cause spurious edges to the lower priority
module. Disable all modules that share a pin before enabling

another module.
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Chapter 3
Power management

3.1 Introduction

The operating modes of the device are described in this chapter. Entry into each mode,
exit from each mode, and functionality while in each of the modes are described.

3.2 Features
These MCUs feature the following power modes:
* Run mode
* Wait mode
* CPU shuts down to conserve power
* Bus clocks are running
 Full voltage regulation is maintained
* Stop3 modes
» System clocks stopped; voltage regulator in standby

* all internal circuits powered for fast recovery

3.2.1 Run mode

This is the normal operating mode. In this mode, the CPU executes code from internal
memory with execution beginning at the address fetched from memory at OxFFFE:
OxFFFF after reset. The power supply is fully regulating and all peripherals can be active
in run mode.
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3.2.2 Wait mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT
instruction, the CPU enters a low-power state in which it is not clocked. The I bit in CCR
1s cleared when the CPU enters the wait mode, enabling interrupts. When an interrupt
request occurs, the CPU exits the wait mode and resumes processing, beginning with the
stacking operations leading to the interrupt service routine.

While the MCU is in wait mode, there are some restrictions on which background debug
commands can be used. Only the BACKGROUND command and memory-access-with-
status commands are available when the MCU is in wait mode. The memory-access-with-
status commands do not allow memory access, but they report an error indicating that the
MCU is in either stop or wait mode. The BACKGROUND command can be used to
wake the MCU from wait mode and enter active background mode.

3.2.3 Stop3 mode

To enter stop3, the user must execute a STOP instruction with stop mode enabled
(SOPT1[STOPE] = 1). Upon entering the stop3 mode, all of the clocks in the MCU are
halted by default, but OSC clock and internal reference clock can be turned on by setting
the ICS control registers. The ICS enters its standby state, as does the voltage regulator
and the ADC. The states of all of the internal registers and logic, as well as the RAM
content, are maintained. The I/O pin states are not latched at the pin. Instead they are
maintained by virtue of the states of the internal logic driving the pins being maintained.

Exit from stop3 is done by asserting reset or through an interrupt. The interrupt include
the asynchronous interrupt from the IRQ or KBI pins, the SCI receive interrupt, the ADC,
ACMP or LVI interrupt and the real-time interrupt.

If stop3 is exited by means of the RESET pin, then the MCU will be reset and operation
will resume after taking the reset vector. Exit by means of an asynchronous interrupt or
the real-time interrupt will result in the MCU taking the appropriate interrupt vector.

The LPO (=1 kHz) for the real-time counter clock allows a wakeup from stop3 mode with
no external components. When RTC_SC2[RTCPS] is clear, the real-time counter clock
function is disabled.
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3.2.4 Active BDM enabled in stop3 mode

Entry into the active background mode from run mode is enabled if the
BDC_SCR[ENBDM] bit is set. This register is described in the development support. If
BDC_SCR[ENBDM] is set when the CPU executes a STOP instruction, the system
clocks to the background debug logic remain active when the MCU enters stop mode, so
background debug communication is still possible. In addition, the voltage regulator does
not enter its low-power standby state but maintains full internal regulation.

Most background commands are not available in stop mode. The memory-access-with-
status commands do not allow memory access, but they report an error indicating that the
MCU is in either stop or wait mode. The BACKGROUND command can be used to
wake the MCU from stop and enter active background mode if the BDC_SCR[ENBDM]
bit is set. After entering background debug mode, all background commands are
available.

3.2.5 LVD enabled in stop mode

The LVD system is capable of generating either an interrupt or a reset when the supply
voltage drops below the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE
bits in SPMSCI both set) at the time the CPU executes a STOP instruction, then the
voltage regulator remains active during stop3 mode.

3.2.6 Power modes behaviors

Executing the WAIT or STOP command puts the MCU in a low power consumption
mode for standby situations. The system integration module (SIM) holds the CPU in a
non-clocked state. The operation of each of these modes is described in the following
subsections. Both STOP and WAIT clear the interrupt mask (I) in the condition code
register, allowing interrupt to occur. The following table shows the low power mode
behaviors.

Table 3-1. Low power mode behavior

Mode Run Wait Stop3
PMC Full regulation Full regulation Loose regulation
ICS On On Optional on
OSsC On On Optional on
LPO On On On
CPU On Standby Standby
FLASH On On Standby

Table continues on the next page...
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Table 3-1. Low power mode behavior (continued)

Mode Run Wait Stop3
RAM On Standby Standby
ADC On On Optional on
ACMP On On Optional on
I/0 On On States held
SCI On On Standby
FTM On On Standby
WDOG On On Standby
DBG On On Standby
IPC On On Standby
RTC On On Optional on
LVD On On Optional on

3.3 Low voltage detect (LVD) system

This device includes a system to protect against low voltage conditions in order to protect
memory contents and control MCU system states during supply voltage variations. This
system consists of a power-on reset (POR) circuit and an LVD circuit with a user
selectable trip voltage, either high (V| ypy) or low (VL ypr). The LVD circuit is enabled
when SPMSCI[LVDE] is set and the trip voltage is selected by SPMSC2[LVDV]. The
LVD is disabled upon entering the stop modes unless the SPMSC1[LVDSE] bit is set or
active BDM enabled (BDCSCR[ENBDM]=1). If SPMSC1[LVDSE] and
SPMSCI[LVDE] are both set, the current consumption in stop3 with the LVD enabled
will be greater.
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Figure 3-1. Low voltage detect (LVD) block diagram

3.3.1 Power-on reset (POR) operation

When power is initially applied to the MCU, or when the supply voltage drops below the
Vpor level, the POR circuit will cause a reset condition. As the supply voltage rises, the
LVD circuit will hold the chip in reset until the supply has risen above the V[ yp;. level.
Both the SRS[POR] and SRS[LVD] are set following a POR.

3.3.2 LVD reset operation

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting SPMSCI[LVDRE] to 1. After an LVD reset has occurred, the LVD system
will hold the MCU in reset until the supply voltage has risen above the level determined
by LVDV. The SRS[LVD] bit is set following either an LVD reset or POR.

3.3.3 Low-voltage warning (LVW)

The LVD system has a low voltage warning flag to indicate that the supply voltage is
approaching the LVD voltage. When a low voltage condition is detected and the LVD
circuit is configured for interrupt operation (SPMSCI1[LVDE] set, SPMSCI1[LVWIE]
set), SPMSCI[LVWF] will be set and LVW interrupt will occur. There are four user-
selectable trip voltages for the LVW upon each LVDV configuration. The trip voltage is
selected by SPMSC2[LVWV].
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3.4 Bandgap reference

This device includes an on-chip bandgap reference (=1.2V) connected to ADC channel
and ACMP. The bandgap reference voltage will not drop under the full operating voltage
even when the operating voltage is falling. This reference voltage acts as an ideal
reference voltage for accurate measurements.

3.5 Power management control bits and registers

PMC memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
System Power Management Status and Control 1 Register
3040 (PMC_SPMSC1) 8 R/W 1Ch 3.5.1/42
System Power Management Status and Control 2 Register
3041 (PMC_SPMSC2) 8 RW 00h 3.5.2/44

3.5.1 System Power Management Status and Control 1 Register
(PMC_SPMSC1)

This high page register contains status and control bits to support the low-voltage
detection function, and to enable the bandgap voltage reference for use by the ADC
module. This register should be written during the user's reset initialization program to
set the desired controls, even if the desired settings are the same as the reset settings.

Address: 3040h base + Oh offset = 3040h

Bit 7 6 5 4 3 2 1 0
Read LVWF
LVWIE LVDRE LVDSE LVDE BGBDS BGBE
Write LVWACK
Reset 0 0 0 1 1 1 0 0
PMC_SPMSC1 field descriptions
Field Description
7 Low-Voltage Warning Flag
LVWF
The LVWEF bit indicates the low-voltage warning status.

Table continues on the next page...
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PMC_SPMSC1 field descriptions (continued)

Field Description
NOTE: LVWEF will be set in the case when Vg g,y transitions below the trip point or after reset and Vg ppiy
is already below V yw. LVWF bit may be 1 after power on reset, therefore, to use LVW interrupt
function, before enabling LVWIE, LVWF must be cleared by writing LVWACK first.
0 Low-voltage warning is not present.
1 Low-voltage warning is present or was present.
6 Low-Voltage Warning Acknowledge
LVWACK
If LVWF = 1, a low-voltage condition has occurred. To acknowledge this low-voltage warning, write 1 to
LVWACK, which automatically clears LVWF to 0 if the low-voltage warning is no longer present.
5 Low-Voltage Warning Interrupt Enable
LVWIE
This bit enables hardware interrupt requests for LVWF.
0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.
4 Low-Voltage Detect Reset Enable
LVDRE
This write-once bit enables LVD events to generate a hardware reset (provided LVDE = 1).
NOTE: This bit can be written only one time after reset. Additional writes are ignored.
0 LVD events do not generate hardware resets.
1 Force an MCU reset when an enabled low-voltage detect event occurs.
3 Low-Voltage Detect Stop Enable
LVDSE
Provided LVDE = 1, this read/write bit determines whether the low-voltage detect function operates when
the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.
2 Low-Voltage Detect Enable
LVDE
This write-once bit enables low-voltage detect logic and qualifies the operation of other bits in this register.
NOTE: This bit can be written only one time after reset. Additional writes are ignored.
0 LVD logic disabled.
1 LVD logic enabled.
1 Bandgap Buffer Drive Select
BGBDS
This bit is used to select the high drive mode of the bandgap buffer.
0 Bandgap buffer enabled in low drive mode if BGBE = 1.
1 Bandgap buffer enabled in high drive mode if BGBE = 1.
0 Bandgap Buffer Enable
BGBE

This bit enables an internal buffer for the bandgap voltage reference for use by the ADC module on one of
its internal channels.

0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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3.5.2 System Power Management Status and Control 2 Register
(PMC_SPMSC2)

This register is used to report the status of the low-voltage warning function, and to
configure the stop mode behavior of the MCU. This register should be written during the
user's reset initialization program to set the desired controls, even if the desired settings
are the same as the reset settings.

Address: 3040h base + 1h offset = 3041h

Bit 7 6 5 4 | 3 2 1 0
Read 0 LVDV LVWV
Write
Reset 0 0 0 0
PMC_SPMSC2 field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Low-Voltage Detect Voltage Select
LVDV

This write-once bit selects the low-voltage detect (LVD) trip point setting. See data sheet for details.

0 Low trip point selected (Vi yp = VLvpL)-
1 High trip point selected (V vp = VLvpH)-

5-4 Low-Voltage Warning Voltage Select
LVWV
This bit selects the low-voltage warning (LVW) trip point voltage. See data sheet for details.

00 Low trip point selected (Vi yw = Viyw1)-
01 Middle 1 trip point selected (Vi yw = Vivwa)-
10 Middle 2 trip point selected (VLVW = VLVWS)-
11 High trip point selected (Vo yw = Vivywa)-

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

The HCSO08 core processor can address 64 KB of memory space. The memory map,
shown in the following figure, includes:

» User flash memory (flash)

* MCI9S08PA4: 4,096 bytes; 8 pages of 512 bytes each
* Random-access memory (RAM)

* MC9S08PA4: 512 bytes
* Electrically erasable programmable read-only memory (EEPROM)

» MC9S08PA4: 128 bytes; 64 pages of 2 bytes each
* Direct-page registers (0x0000 through 0x003F)

» High-page registers (0x3000 through Ox30FF)
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028892 | DIRECT PAGE REGISTERS
0x0040

512 BYTES RAM

X8540

UNIMPLEMENTED

Ox2FFF
0x3000
0x30FF
0x3100
0x317F
0x3180

HIGH PAGE REGISTERS
128 BYTES EEPROM

UNIMPLEMENTED

0xF000

4,096B FLASH

OXFFAF
0xFFBO
OXFFFF

VECTOR TABLE

Figure 4-1. Memory map

4.2 Reset and interrupt vector assignments

The following table shows address assignments for reset and interrupt vectors. The vector
names shown in this table are the labels used in the Freescale-provided header files for
the device.

Table 4-1. Reset and interrupt vectors

Address
(highflow) Vector Vector name

OxFFBO:FFB1 NVM Vnvm
OxFFB2:FFB3 Reserved Reserved
OxFFB4:FFB5 KBIO Vkbi0
OxFFB6:FFB7 Reserved Reserved
OxFFB8:FFB9 RTC Vrtc
OxFFBA:FFBB Reserved Reserved
OxFFBC:FFBD Reserved Reserved
OxFEBE:FFBF Reserved Reserved
OxFFCO:FFCA1 Reserved Reserved
OxFFC2:FFC3 Reserved Reserved

Table continues on the next page...
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Table 4-1. Reset and interrupt vectors (continued)

Address
Vector Vector name

(high/low)
OxFFC4:FFC5 Reserved Reserved
OxFFC6:FFC7 Reserved Reserved
OxFFC8:FFC9 Reserved Reserved
OxFFCA:FFCB Reserved Reserved
OxFFCC:FFCD SCIO0 transmit VsciOtxd
OxFFCE:FFCF SCIO receive VsciOrxd
OxFFDO:FFD1 SCIO error VsciOerr
OxFFD2:FFD3 ADC Vadc
O0xFFD4:FFD5 ACMP Vacmp
OxFFD6:FFD7 Reserved Reserved
OxFFD8:FFD9 Reserved Reserved
OxFFDA:FFDB FTMO overflow VftmOovf
OxFFDC:FFDD FTMO channel 1 VitmOch1
OxFFDE:FFDF FTMO channel 0 VftmOchO
OxFFEO:FFE1 FTM1 overflow Vtm1ovf
OxFFE2:FFE3 FTM1 channel 1 Vitm1ich1
OxFFE4:FFE5 FTM1 channel O Vitm1chO
OxFFE6:FFE7 Reserved Reserved
OxFFE8:FFE9 Reserved Reserved
OxFFEA:FFEB Reserved Reserved
OxFFEC:FFED Reserved Reserved
OxFFEE:FFEF Reserved Reserved
OxFFFO:FFFA1 Reserved Reserved
OxFFF2:FFF3 Reserved Reserved
OxFFF4:FFF5 Reserved Reserved
OxFFF6:FFF7 Clock loss of lock Vclk
OxFFF8:FFF9 Low voltage warning Vivw
OxFFFA:FFFB IRQ or Watchdog Virq or Vwdog
OxFFFC:FFFD Swi Vswi
OxFFFE:FFFF Reset Vreset

4.3 Register addresses and bit assignments

The register definitions vary in different memory sizes. The register addresses of unused
peripherals are reserved. The following table shows the register availability of the
devices.
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Table 4-2. Peripheral registers availability

Address Bytes Peripheral registers
0x0000—0x0002 3 Port data
0x0010—0x0017 8 ADC
0x0020—0x002A 11 FTMO
0x002C—0x002F 4 ACMP
0x0030—0x003A 11 FTM1
0x003B—0x003B 1 IRQ
0x003C—0x003C 1 KBIO
0x003E—0x003F 2 IPC
0x3000—0x300B 12 SIM
0x300C—0x300F 4 SCG
0x3010—0x301F 16 DBG
0x3020—0x302C 13 NVM
0x3030—0x3037 8 WDOG
0x3038—0x303E 7 ICS, XOSC
0x3040—0x3041 2 PMC
0x304A—0x304B 2 SYS
0x3050—0x3059 10 IPC
0x306A—0x306F 6 RTC
0x307C—0x307D 2 KBIO
0x3080—0x3087 8 SClio
0x30AC—O0x30AC 1 ADC
0x30AF—Ox30AF 1 Port high drive enable
0x30B0—0x30B2 3 Port output enable
0x30B8—0x30BA 3 Port input enable
0x30EC—O0x30EF 4 Port filter
0x30F0—0x30F2 3 Port pullup
0x30F8—0x30FF 8 SYS

The registers in the devices are divided into two groups:

 Direct-page registers are located in the first 64 locations in the memory map, so they
can be accessed with efficient direct addressing mode instructions.

* High-page registers are used much less often, so they are located above 0x3000 in
the memory map. This leaves room in the direct page for more frequently used
registers and variables.

Direct-page registers can be accessed with efficient direct addressing mode instructions.
Bit manipulation instructions can be used to access any bit in a direct-page register.
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The direct page registers can use the more efficient direct addressing mode, which

requires only the lower byte of the address.

Chapter 4 Memory map

The following tables are summaries of all user-accessible direct-page and high-page
registers and control bits. Cells that are not associated with named bits are shaded. A
shaded cell with a O indicates this unused bit always reads as a 0; and a shaded cell with a
I indicates this unused bit always reads as a 1. Shaded cells with dashes indicate unused
or reserved bit locations that could read as 1s or Os.

Table 4-3. Direct-page register allocation

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x0000 PORT_PTAD — — PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTAD1 | PTADO
0x0001 PORT_PTBD PTBD7 | PTBD6 | PTBD5 | PTBD4 | PTBD3 | PTBD2 | PTBD1 | PTBDO
0x0002 PORT_PTCD — — — — PTCD3 | PTCD2 | PTCD1 | PTCDO

0x0003-0x0007 Reserved = = = = = = = —

0x0008-0x000F Reserved — — — — — — — —
0x0010 ADC_SCH1 COCO | AIEN | ADCO ADCH
0x0011 ADC_SC2 ADACT | ADTRG | ACFE | ACFGT FE“\CPT FFULL — —
0x0012 ADC_SC3 ADLPC ADIV AD:;SM MODE ADICLK
0x0013 ADC_SC4 — ASEAN ACFSEL| — — AFDEP
0x0014 ADC_RH Bit 15 14 13 12 11 10 9 Bit 8
0x0015 ADC_RL Bit 7 6 5 3 2 1 Bit 0
0x0016 ADC_CVH Bit 15 14 13 12 11 10 9 Bit 8
0x0017 ADC_CVL Bit 7 6 5 3 2 1 Bit 0

0x0018-0X001F Reserved — — — — — — — —
0x0020 FTMO_SC TOF TOIE |CPWMS| CLKS1 | CLKSO PS2 PSH1 PSO
0x0021 FTMO_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0022 FTMO_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0023 FTMO_MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0024 FTMO_MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0025 FTMO_CO0SC CHF CHIE MSB MSA ELSB | ELSA — —
0x0026 FTMO_COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0027 FTMO_COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0028 FTMO_C1SC CHF CHIE MSB MSA ELSB | ELSA — —
0x0029 FTMO_C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x002A FTMO_C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x002B Reserved — — — — — — — —
0x002C ACMP_CS ACE HYST ACF ACIE ACO | ACOPE ACMOD
0x002D ACMP_CO — — ACPSEL — — ACNSEL

Table continues on the next page...
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Table 4-3. Direct-page register allocation (continued)

Address |  Register name Bit 7 6 5 | a4 | 3 | 2 | 1 | Bito
0X002E ACMP_C1 DACEN DAERE DACVAL

0x002F ACMP_C2 — — — — — | AcIPE2 | ACIPE1 | ACIPEO
0x0030 FTM1_SC TOF | TOIE |CPWMS| CLKS1 | CLKSO | PS2 PS1 PSO
0x0031 FTM1_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0032 FTM1_CNTL Bit 7 6 5 4 3 2 1 Bit0
0x0033 FTM1_MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0034 FTM1_MODL Bit 7 6 5 4 3 2 1 Bit0
0x0035 FTM1_COSC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0036 FTM1_COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0037 FTM1_COVL Bit 7 6 5 4 3 2 1 Bit0
0x0038 FTM1_C1SC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0039 FTM1_C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x003A FTM1_C1VL Bit 7 6 5 4 3 2 1 Bit0
0x003B IRQ_SC — |IRQPDD |IRQEDG| IRQPE | IRQF |IRQACK| IRQIE 'RQDMO
0x003C KBIO_SC — — — — KBF |KBACK | KBIE |KBMOD
0x003D Reserved — — — — — — — —
0X003E IPC_SC IPCE — PSE | PSF |PULIPM| — IPM
0X003F IPC_IPMPS IPM3 IPM2 IPM1 IPMO

Table 4-4. High-page register allocation

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x3000 SYS_SRS POR | PIN | WDOG | ILOP | ILAD | LOC | LvD | —
0x3001 SYS_SBDFR — — — — — — — | BDFR
0x3002 SYS_SDIDH — — — — | o1 | D10 | D9 | D8
0x3003 SYS_SDIDL D7 | D6 | D5 | D4 | D3 | D2 | ID1 IDO
0x3004 SYS_SOPTH SCIOPS |FTM1PS |[FTMOPS|  — BKEDP RSTPE | FWAKE | STOPE
0x3005 SYS_SOPT2 TXDME | — | RXDFE | RXDCE | ACIC | RTCC ADHWTS
0x3006 SYS_SOPT3 — — FTMCHS — — — —
0x3007-0x300B Reserved — — — — — — — —
0x300C SCG_CH — | FtM1 | FTMO | — — — — | RTC
0x300D SCG_C2 — — | beG | NVM | IPC — — —
O0X300E SCG_C3 — — — [ sco | = — — —
OX300F SCG_C4 ACMP | — | ADC | — IRQ — — | kB0
0x3010 DBG_CAH Bit15 | 14 13 12 11 10 9 Bit8
0x3011 DBG_CAL Bit 7 6 5 4 3 2 1 Bit 0
0x3012 DBG_CBH Bit15 | 14 13 12 11 10 9 Bit8

Table continues on the next page...
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Table 4-4. High-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x3013 DBG_CBL Bit 7 6 5 4 3 1 Bit 0
0x3014 DBG_CCH Bit 15 14 13 12 11 10 9 Bit 8
0x3015 DBG_CCL Bit 7 6 5 4 3 1 Bit 0
0x3016 DBG_FH Bit 15 14 13 12 11 10 9 Bit 8
0x3017 DBG_FL Bit 7 6 5 4 3 1 Bit 0
0x3018 DBG_CAX RWAEN | RWA — — — — — —
0x3019 DBG_CBX RWBEN| RWB — — — — — —
0x301A DBG_CCX RWCEN| RWC — — — — — —
0x301B DBG_FX PPACC — — — — — — Bit 16
0x301C DBG_C DBGEN | ARM TAG | BRKEN — — — LOOP1
0x301D DBG_T TRESE BEGIN — — TRG
0x301E DBG_S AF BF CF — — — | — | ARMF
0x301F DBG_CNT — — — — CNT
FDIVLC
0x3020 NVM_FCLKDIV FDIVLD K FDIV5 | FDIV4 | FDIV3 | FDIV2 | FDIVA FDIVO
0x3021 NVM_FSEC KEYEN1 |KEYENO 1 1 1 1 SEC1 SECO
0x3022 NVM_FCCOBIX — — — — — CC;)BIX CC?BIX CCCO)BIX
0x3023 Reserved — — — — — — — —
0x3024 NVM_FCNFG CCIE — — IGNSF — — FDFD FSFD
0x3025 NVM_FERCNFG — — — — — — DFDIE | SFDIE
0x3026 NVM_FSTAT CCIF — ACCER FPVIOL MGBUS — MGSTA | MGSTA
R Y T1 TO
0x3027 NVM_FERSTAT — — — — — — DFDIF | SFDIF
0x3028 NVM_FPROT FPOEN — FPHDIS | FPHS1 | FPHSO — — —
0x3029 NVM_EEPROT DP(,\?PE — — — — — DPSH1 DPSO0
0x302A NVM_FCCOBHI CC?B1 CCSB1 00281 CCSB1 CC1OB1 CCOOB1 CCOB9 | CCOB8
0x302B NVM_FCCOBLO CCOB7 | CCOB6 | CCOB5 | CCOB4 | CCOB3 | CCOB2 | CCOB1 | CCOBO
0x302C NVM_FOPT NV7 NV6 NV5 NV4 NV3 NV2 NV1 NVO
0x302D-0x302F Reserved — — — — — — — —
0x3030 WDOG_CSt1 EN INT UPgAT TST DBG WAIT STOP
0x3031 WDOG_CS2 WIN FLG — PRES — — CLK
0x3032 WDOG_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x3033 WDOG_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x3034 WDOG_TOVALH Bit 15 14 13 12 11 10 9 Bit 8
0x3035 WDOG_TOVALL Bit 7 6 5 4 3 2 1 Bit 0
0x3036 WDOG_WINH Bit 15 14 13 12 11 10 9 Bit 8

Table continues on the next page...
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Table 4-4. High-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x3037 WDOG_WINL Bit 7 6 5 4 3 2 1 Bit 0
0x3038 ICS_CH1 CLKS RDIV IREFS lRCI\%KE lRIIEEZST
0x3039 ICS_C2 BDIV P | = — — —
0x303A ICS_C3 SCTRIM
0x303B ICS_C4 LOLIE — CME — — — — SCEATRl
0x303C ICS_S LOLS LOCK = IREFST CLKST = =
0x303D Reserved = = — — — — — —
OX303E cs oscsc  |oscen| — | O%5ST oscos| — | mange| Hao | OS¢
0x303F Reserved = = — — — — — —
0x3040 PMC_SPMSCH1 LVWF LVV¥AC LVWIE | LVDRE | LVDSE | LVDE |BGBDS | BGBE
0x3041 PMC_SPMSC2 — LVDV LVWV — — — —
0x3042-0x3049 Reserved — — — — — — — —
0x304A SYS_ILLAH Bit 15 14 13 12 11 19 9 Bit 8
0x304B SYS_ILLAL Bit 7 3 1 Bit 0
0x304C-0x304F Reserved — — — — — — — —
0x3050 IPC_ILRSO ILR3 ILR2 ILR1 ILRO
0x3051 IPC_ILRSH1 ILR7 ILR6 ILR5 ILR4
0x3052 IPC_ILRS2 ILR11 ILR10 ILR9 ILR8
0x3053 IPC_ILRS3 ILR15 ILR14 ILR13 ILR12
0x3054 IPC_ILRS4 ILR19 ILR18 ILR17 ILR16
0x3055 IPC_ILRS5 ILR23 ILR22 ILR21 ILR20
0x3056 IPC_ILRS6 ILR27 ILR26 ILR25 ILR24
0x3057 IPC_ILRS7 ILR31 ILR30 ILR29 ILR28
0x3058 IPC_ILRS8 ILR35 ILR34 ILR33 ILR32
0x3059 IPC_ILRS9 ILR39 ILR38 ILR37 ILR36
0x305A-0x305F Reserved — — — — — — — —
0x3060-0x3069 Reserved = = = = = = — —
0x306A RTC_SC1 RTIF RTIE — — — — — —
0x306B RTC_SC2 RTCLKS — — — RTCPS
0x306C RTC_MODH MODH
0x306D RTC_MODL MODL
0x306E RTC_CNTH CNTH
0x306F RTC_CNTL CNTL
0x3070-0x307B Reserved — — — — — — — —
0x307C KBIO_PE KBIPE7 | KBIPE6 | KBIPE5S | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
0x307D KBIO_ES KBI;DG KBI(E;DG KBIZDG KBEDG KB:E%DG KBI;DG KBEDG KBI(E)DG

Table continues on the next page...
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Table 4-4. High-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x307E-0x307F Reserved = — — — — — — —
0x3080 SCI0_BDH LBKDIE RXEEDGI SBNS | SBR12 | SBR11 | SBR10 | SBR9 SBR8
0x3081 SCI0_BDL SBR7 | SBR6 | SBR5 SBR4 | SBR3 | SBR2 SBR1 SBRO
0x3082 SCI0_CH1 LOOPS SCI?WA RSRC M WAKE ILT PE PT
0x3083 SCIo_C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x3084 SCI0_S1 TDRE TC RDRF IDLE OR NF FE PF
0x3085 SCI0_S2 LBKDIF RXIiDGI — RXINV | RWUID | BRK13 | LBKDE RAF
0x3086 SCI0_C3 R8 T8 TXDIR | TXINV | ORIE NEIE FEIE PEIE
0x3087 SCIo_D D7 D6 D5 D4 D3 D2 D1 DO
0x3088-0x3097 Reserved — — — — — — — —
0x3098-0x30AB Reserved — — — — — — — —
0x30AC ADC_APCTLA ADPC7 | ADPC6 | ADPC5 | ADPC4 | ADPC3 | ADPC2 | ADPC1 | ADPCO
0x30AD-0x30AE Reserved = — — — — — — —
0x30AF PORT_HDRVE — — — — — — PTB5 PTB4
0x30B0 PORT_PTAOE — — PTAOES5 |PTAOE4 |PTAOE3 |PTAOE2 |PTAOE1|PTAOEQ
0x30B1 PORT_PTBOE PTBOE7 |PTBOE6 |PTBOES5 |PTBOE4 |PTBOE3 |PTBOE2 |PTBOE1 |PTBOEO
O0X30B2 PORT_PTCOE _ _ _ _ PTCOE | PTCOE | PTCOE | PTCOE
3 2 1 0
0x30B3-0x30B7 Reserved — — — — — — — —
0x30B8 PORT_PTAIE — — PTAIE5 — PTAIE3 | PTAIE2 | PTAIE1 | PTAIEO
0x30B9 PORT_PTBIE PTBIE7 | PTBIE6 | PTBIE5 | PTBIE4 | PTBIE3 | PTBIE2 | PTBIE1 | PTBIEO
0x30BA PORT_PTCIE — — — — PTCIE3 | PTCIE2 | PTCIE1 | PTCIEO
0x30BB-0x30BF Reserved — — — — — — — —
0x30C0-0x30EB Reserved — — — — — — — —
0x30EC PORT_IOFLTO — — FLTC FLTB FLTA
O0x30ED Reserved — — — — — — — —
O0x30EE PORT_IOFLT2 — — — — FLTKBIO FLTRST
O0x30EF PORT_FCLKDIV FLTDIV3 FLTDIV2 FLTDIVA
0x30F0 PORT_PTAPE — — PTAPE5S — PTAPE3 | PTAPE2 | PTAPE1 | PTAPEO
0x30F1 PORT_PTBPE PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1 | PTBPEO
0x30F2 PORT_PTCPE — — — — PTCPE3 |PTCPE2|PTCPE1|PTCPEO
0x30F3-0x30F7 Reserved — — — — — — — —
0x30F8 SYS_UUID1 ID63 ID62 ID61 ID60 ID59 ID58 ID57 ID56
0x30F9 SYS_UUID2 ID55 ID54 ID53 ID52 ID51 ID50 ID49 ID48
0x30FA SYS_UUID3 ID47 ID46 ID45 ID44 ID43 ID42 ID41 ID40
0x30FB SYS_UUID4 ID39 ID38 ID37 ID36 ID35 ID34 ID33 ID32
0x30FC SYS_UUID5 ID31 ID30 ID29 ID28 ID27 ID26 ID25 ID24
0x30FD SYS_UUID6 ID23 ID22 ID21 ID20 ID19 ID18 ID17 ID16
Table continues on the next page...
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Table 4-4. High-page register allocation (continued)

Address | Register name Bit7 6 5 4 3 2 1 Bit 0
0x30FE SYS_UUID7 ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
O0x30FF SYS_UUID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

Several reserved flash memory locations, shown in the following table, are used for
storing values used by several registers. These registers include an 8-byte backdoor key,
NV_BACKKEY, which can be used to gain access to secure memory resources. During
reset events, the contents of NVPROT and NVOPT in the reserved flash memory are
transferred into corresponding FPROT and FOPT registers in the high-page registers area
to control security and block protection options.

Table 4-5. Reserved flash memory addresses

Address Register Name Bit7| 6 5 | 4 | 3 | 2 1 | Bit 0
OxFF70 NV_BACKKEYO BACKKEYO0

OxFF71 NV_BACKKEY1 BACKKEY1

OxFF72 NV_BACKKEY2 BACKKEY2

OxFF73 NV_BACKKEY3 BACKKEY3

OxFF74 NV_BACKKEY4 BACKKEY4

OxFF75 NV_BACKKEY5 BACKKEY5

OxFF76 NV_BACKKEY6 BACKKEY6

OxFF77 NV_BACKKEY7 BACKKEY7

OxFF78 Reserved = = = = = = = =
O0xFF79 Reserved — — — — — — — —
OxFF7A Reserved — — — — — — — —
OxFF7B Reserved = = = = = = = =
O0xFF7C NV_FPROT FP(,\)IPE — |FPHDIS FPH — — —
OxFF7D NV_EEPROT DPSPE — DPS
OxFF7E NV_FOPT NV

OXFF7F NV_FSEC KEYEN R SEC

The 8-byte comparison key can be used to temporarily disengage memory security
provided the key enable field, NV_FSEC[KEYEN], is 10b. This key mechanism can be
accessed only through user code running in secure memory. A security key cannot be
entered directly through background debug commands. This security key can be disabled
completely by programming the NV_FSEC[KEYEN] bit to 0. If the security key is
disabled, the only way to disengage security is by mass erasing the flash if needed,
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normally through the background debug interface and verifying that flash is blank. To
avoid returning to secure mode after the next reset, program the security bits,
NV_FSEC[SEC], to the unsecured state (10b).

4.4 Random-access memory (RAM)
This section describes the 512 bytes of RAM (random-access memory).

These devices include static RAM. The locations in RAM below 0x0100 can be accessed
using the more efficient direct addressing mode. Any single bit in this area can be
accessed with the bit manipulation instructions (BCLR, BSET, BRCLR, and BRSET).

The RAM retains data when the MCU is in low-power wait, or stop3 mode. At power-on,
the contents of RAM are uninitialized. RAM data is unaffected by any reset provided that
the supply voltage does not drop below the minimum value for RAM retention.

For compatibility with older M68HCO0S5 MCUs, the HCSO08 resets the stack pointer to
0xOO0FF. In this series, re-initialize the stack pointer to the top of the RAM so that the
direct-page RAM can be used for frequently accessed RAM variables and bit-addressable
program variables. Include the following 2-instruction sequence in your reset
initialization routine (where RamLast is equated to the highest address of the RAM in the
Freescale-provided equate file).

LDHX #RamLast+1 ;jpoint one past RAM

TXS ;SP<- (H:X-1)

When security is enabled, the RAM is considered a secure memory resource and is not
accessible through BDM or code executing from non-secure memory.

4.5 Flash and EEPROM

4.5.1 Overview

This device includes various configuration of flash and EEPROM. The controller for
flash and EEPROM is ideal for single-supply applications for field programming without
external high voltage sources for program or erase operations.

The flash memory is ideal for single-supply applications that allow for field
reprogramming without requiring external high voltage sources for program or erase
operations. The flash module includes a memory controller that executes commands to
modify flash memory contents. The user interface to the memory controller consists of
the indexed flash common command object (FCCOB) register, which is written to with
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the command, global address, data, and any required command parameters. The memory
controller must complete the execution of a command before the FCCOB register is
written to with a new command.

CAUTION

A flash byte or longword must be in the erased state before
being programmed. Cumulative programming of bits within a
flash byte or longword is not allowed.

The flash memory is read as bytes. Read access time is one bus
cycle for bytes. For flash memory, an erased bit reads 1 and a
programmed bit reads 0. It is possible to read from flash
memory while commands are being executed on EEPROM
memory. It is not possible to read from EEPROM memory
while a command (erase/program) is executing on flash
memory. Simultaneous EEPROM memory are implemented
with error correction codes (ECC) that can resolve single bit
faults and detect double bit faults.

The following figure shows the block diagram of the flash and EEPROM module.

Command Interrupt Request
) ? FLASH
Error Inteﬁupt Request Flash 1Kx32
h Interface [N \IA:'\V
Bus Clock Clock . Sector 0
pvider Sector 1
Registers | ||  p---------
Protecton | || @ fp---------
Security | ||  p---------
Sector 7
n— N EEPROM
NVM controller — 198:8
Sector 0
cPu NI 2000
<> Sector 1
Sector 63

Figure 4-2. Flash and EEPROM block diagram

Flash features:
* 4 KB of flash memory composed of one 4 KB flash block divided into 8 sectors of
512 bytes
* Automated program and erase algorithm with verification
» Fast sector erase and longword program operation
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* Ability to read the flash memory while programming a word in the EEPROM
memory
* Flexible protection scheme to prevent accidental program or erase of flash memory

EEPROM features:

* 128 bytes of EEPROM memory composed of one 128 byte EEPROM block divided
into 64 sectors of 2 bytes

* Single bit fault correction and double bit fault detection within a word during read
operations

* Automated program and erase algorithm with verification and generation of ECC
parity bits

* Fast sector erase and byte program operation

* Protection scheme to prevent accidental program or erase of EEPROM memory

* Ability to program up to four bytes in a burst sequence

Other features
* No external high-voltage power supply required for flash memory program and erase
operations
* Interrupt generation on flash command completion and flash error detection
* Security mechanism to prevent unauthorized access to the flash memory

4.5.2 Function descriptions

4.5.2.1 Modes of operation

The flash and EEPROM module provides the normal user mode of operation. The
operating mode is determined by module-level inputs and affects the FCLKDIV,
FCNEFG, and EEPROT registers.

4.5.2.1.1 Wait mode

The flash and EEPROM module is not affected if the MCU enters wait mode. The flash
module can recover the MCU from wait via the CCIF interrupt. See Flash and EEPROM
interrupts.

4.5.2.1.2 Stop mode

If a flash and EEPROM command is active, that is, FSTAT[CCIF] = 0, when the MCU
requests stop mode, the current NVM operation will be completed before the MCU is
allowed to enter stop mode.
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4.5.2.2 Flash and EEPROM memory map

The MCU places the flash memory between global address 0x0000 and OxFFFF as
shown in the following table. Not all flash are available to users because some addresses
are overlapped with RAM, EEPROM, and registers.

MCO9S08PA4 contains a piece of 4 KB flash that is fully available for users. This flash
block is divided into 8 sectors of 512 bytes.

Table 4-6. Flash memory addressing

Device Global address Size (Bytes) Description User availability
MC9S08PA4 OXFOO0 — OXFFFF |4 KB Flash block contains | Sector [0:7]: fully
flash configuration field |available

4.5.2.3 Flash and EEPROM initialization after system reset

On each system reset, the flash and EEPROM module executes an initialization sequence
that establishes initial values for the flash and EEPROM block configuration parameters,
the FPROT and EEPROT protection registers, and the FOPT and FSEC registers. The
initialization routine reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset
sequence. If a double bit fault is detected during the reset sequence, both
FSTAT[MGSTAT!] bits will be set.

FSTAT[CCIF] is cleared throughout the initialization sequence. The NVM module holds
off all CPU access for a portion of the initialization sequence. Flash and EEPROM reads
are allowed after the hold is removed. Completion of the initialization sequence is
marked by setting FSTAT[CCIF] high, which enables user commands.

If a reset occurs while any flash or EEPROM command is in progress, that command will
be immediately aborted. The state of the word being programmed or the sector/block
being erased is not guaranteed.

4.5.2.4 Flash and EEPROM command operations

Flash and EEPROM command operations are used to modify flash and EEPROM
memory contents.

The command operations contain three steps:
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1. Configure the clock for flash or EEPROM program and erase command operations.

2. Use command write sequence to set flash and EEPROM command parameters and
launch execution.

3. Execute valid flash and EEPROM commands according to MCU functional mode
and MCU security state.

The figure below shows a general flowchart of the flash or EEPROM command write
sequence.
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Clock Divider
Value Check

FCCOB
Availability Check

Access Error and
Protection Violation Check

Read: FCLKDIV

register

FDIV
Correct?

Read: FSTAT
register

Read: FSTAT
register

Write: FCLKDIV
register

No

Write: FSTAT register
Clear ACCERR
FPVIOL 0x30

Results from grevious Command

Write to FCCOBIX register
to identify specific command
parameter to load

Write to FCCOB register
to load required command
parameter

Bit Polling for
Command Completion Check

NOTE: FCLKDIV must be
set after each reset

Write: FSTAT register
(to launch command)
Clear CCIF 0x80

Y

Read: FSTAT register

No

Yes

Figure 4-3. Generic flash and EEPROM command write sequence flowchart
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4.5.2.4.1 Writing the FCLKDIV register

Prior to issuing any flash and EEPROM program or erase command after a reset, the user
1s required to write the FCLKDIV register to divide BUSCLK down to a target FCLK of
IMHz. The following table shows recommended values for the FDIV field based on
BUSCLK frequency.

Table 4-7. FDIV values for various BUSCLK frequencies

BUSCLK frequency
(MHz) FDIV[5:0]

MIN? MAX2

1.0 1.6 0x00
1.6 2.6 0x01
2.6 3.6 0x02
3.6 4.6 0x03
4.6 5.6 0x04
5.6 6.6 0x05
6.6 7.6 0x06
7.6 8.6 0x07
8.6 9.6 0x08
9.6 10.6 0x09
10.6 11.6 O0x0A
11.6 12.6 0x0B
12.6 13.6 0x0C
13.6 14.6 0x0D
14.6 15.6 Ox0E
15.6 16.6 OxOF
16.6 17.6 0x10
17.6 18.6 0x11
18.6 19.6 0x12
19.6 20.0 0x13

1. BUSCLK is greater than this value
2. BUSCLK is less than or equal to this value

CAUTION

Programming or erasing the flash and EEPROM memory
cannot be performed if the bus clock runs at less than 0.8 MHz.
Setting FCLKDIV[FDIV] too high can destroy the flash and
EEPROM memory due to overstress. Setting FCLKDIV[FDIV]
too low can result in incomplete programming or erasure of the
flash and EEPROM memory cells.
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When the FCLKDIV register is written, the FCLKDIV[FDIVLD] bit is set automatically.
If the FCLKDIV[FDIVLD] bit is 0, the FCLKDIV register has not been written since the
last reset. If the FCLKDIV register has not been written, any flash and EEPROM
program or erase command loaded during a command write sequence will not execute
and the FSTAT[ACCERR] bit will be set.

4.5.2.4.2 Command write sequence

The memory controller will launch all valid flash and EEPROM commands entered using
a command write sequence.

Before launching a command, the FSTAT[ACCERR] and FSTAT[FPVIOL] bits must be
clear and the FSTAT[CCIF] flag will be tested to determine the status of the current
command write sequence. If FSTAT[CCIF] is 0, indicating that the previous command
write sequence is still active, a new command write sequence cannot be started and all
writes to the FCCOB register are ignored.

The FCCOB parameter fields must be loaded with all required parameters for the flash
and EEPROM command being executed. Access to the FCCOB parameter fields is
controlled via FCCOBIX[CCOBIX] bits.

Flash and EEPROM command mode uses the indexed FCCOB register to provide a
command code and its relevant parameters to the memory controller. First, the user must
set up all required FCCOB field. Then they can initiate the command's execution by
writing a 1 to the FSTAT[CCIF] bit. This action clears the CCIF command completion
flag to 0. When the user clears the FSTAT[CCIF] bit all FCCOB parameter field are
locked and cannot be changed by the user until the command completes (evidenced by
the memory controller returning FSTAT[CCIF] tol). Some commands return information
to the FCCOB register array.

The generic format for the FCCOB parameter fields in flash and EEPROM command
mode is shown in the following table. The return values are available for reading after the
FSTAT[CCIF] flag has been returned to 1 by the memory controller. Writes to the
unimplemented parameter fields, FCCOBIX[CCOBIX] =110b and FCCOBIX[CCOBIX]
= 111b, are ignored with read from these fields returning 0x0000.

The table below shows the generic flash command format. The high byte of the first word
in the CCOB array contains the command code, followed by the parameters for this
specific flash command. For details on the FCCOB settings required by each command,
see the flash command descriptions in Flash and EEPROM command summary .
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Table 4-8. FCCOB - flash and EEPROM command mode typical usage

CCOBIX[2:0] Byte FCCOB parameter fields in flash and EEPROM command mode
000 HIi FCMDJ[7:0] defining flash command
LO Global address [23:16]
001 Hi Global address [15:8]
LO Global address [7:0]
HI Data 0 [15:8]
010
LO Data 0 [7:0]
HI Data 1 [15:8]
011
LO Data 1 [7:0]
HI Data 2 [15:8]
100
LO Data 2 [7:0]
HI Data 3 [15:8]
101
LO Data 3 [7:0]

The contents of the FCCOB parameter fields are transferred to the memory controller
when the user clears the FSTAT[CCIF] command completion flag by writing 1. The
CCIF flag will remain clear until the flash and EEPROM command has completed. Upon
completion, the memory controller will return FSTAT[CCIF] to 1 and the FCCOB

register will be used to communicate any results.

The following table presents the valid flash and EEPROM commands, as enabled by the
combination of the functional MCU mode with the MCU security state of unsecured or

secured.

MCU secured state is selected by NVM_FSEC[SEC].

Table 4-9. Flash and EEPROM commands by mode and security state

Unsecured Secured
FCMD Command 0 02
0x01 Erase verify all blocks * *
0x02 Erase verify block * *
0x03 Erase verify flash section * N/A
0x04 Read once * N/A
0x06 Program flash * N/A
0x07 Program once * N/A
0x08 Erase all block * *
0x09 Erase flash block * *
O0x0A Erase flash sector * N/A
0x0B Unsecure NVM N/A *
0x0C Verify backdoor access key * *

Table continues on the next page...
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Table 4-9. Flash and EEPROM commands by mode and security state (continued)

Unsecured Secured
FCMD Command
u’ u?
0x0D Set user margin level * N/A
0x10 Erase verify EEPROM section * *
0x11 Program EEPROM * N/A
0x12 Erase EEPROM sector * N/A

1. Unsecured User mode
2. Secured User mode

4.5.2.5 Flash and EEPROM interrupts

The flash and EEPROM module can generate an interrupt when a flash command
operation has completed or when a flash and EEPROM command operation has detected

an ECC fault.
Table 4-10. Flash interrupt source
Interrupt source Interrupt flag Local enable Global (CCR) mask
CCIF CCIE
Flash and EEPROM command complete | Bit
(FSTAT register) (FCNFG register)
DFDIF DFDIE
ECC double bit fault on flash and EEPROM read | Bit
(FERSTAT register) (FERCNFG register)
SFDIF SFDIE
ECC single bit fault on flash and EEPROM read | Bit
(FERSTAT register) (FERCNFG register)

4.5.2.5.1 Description of flash and EEPROM interrupt operation

The flash module uses the FSTAT[CCIF] flag in combination with the FCNFG[CCIE]
interrupt enable bit to generate the flash command interrupt request. The flash module
uses the DFDIF and SFDIF flags in combination with the FERSTAT[DFDIE] and
FERSTAT[SFDIE] interrupt enable bits to generate the flash error interrupt request.

The logic used for generating the flash module interrupts is shown in the following

figure.
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Flash and EEPROM Command
Complete Interrupt Request

CCIE —— \
cclF —___/
DEDIE :D » CPU Interrupt
DFDIF —
Flash and EEPROM
SFDIE —— Error Interrupt Request
SFDIF —

Figure 4-4. Flash and EEPROM module interrupts implementation

4.5.2.6 Protection

The FPROT register can be set to protect regions in the flash memory from accidental
programming or erasing. Two separate memory regions, one growing downward from
global address OxFFFF in the flash memory, called the higher region; and the remaining
addresses in the flash memory, can be activated for protection. The flash memory
addresses covered by these protectable regions are shown in the flash memory map. The
higher address region is mainly targeted to hold the boot loader code because it covers
the vector space.

0x0000

A\
A\
A\

—\\

Flash START = 0xF000 1
. 0xF400
Protection Movable End
0xF800 >~ Flash Protected/Unprotected Higher Region 1, 2, 3, 4Kbytes
0xFC00
Protection Fixed End OXFFFF 4;— Flash Configuration Field 16 bytes (0OxFF70 — OxFF7F)

Figure 4-5. Flash protection memory map

Default protection settings as well as security information that allows the MCU to restrict
access to the flash module are stored in the flash configuration field as described in the
table below.

MC9S08PA4 Reference Manual, Rev. 3, 08/2014
Freescale Semiconductor, Inc. 65




‘

riasn and EEPROM

y
A

Table 4-11. Flash configuration field

Global address

Size (Bytes)

Description

O0xFF70 — OxFF77?

8

Backdoor comparison key. See Verify backdoor access key command and
Unsecuring the MCU using backdoor key access.

0OxFF78 — OxFF7B

Reserved

4
OxFF7C? 1 Flash protection byte
OxFF7D’ 1 EEPROM protection byte
OxFF7E? 1 Flash nonvolatile byte
OXFF7F! 1 Flash security byte

1. OxFF78-0xFF7F for a flash phrase and must be programmed in a single command write sequence. Each byte in the
0xFF78-0xFF7B reserved field must be programmed to OxFF.

The flash and EEPROM module provides protection to the MCU. During the reset
sequence, the FPROT register is loaded with the contents of the flash protection byte in
the flash configuration field at global address OxFF7C in flash memory. The protection
functions depend on the configuration of bit settings in FPORT register.

Table 4-12. Flash protection function

FPOPEN FPHDIS Function’
1 1 No flash protection
1 0 Protected high range
0 1 Full flash memory protected
0 0 Unprotected high range

1. Forrange size, seeTable 4.

The flash protection scheme can be used by applications requiring reprogramming in
single chip mode while providing as much protection as possible if reprogramming is not

required.
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FPHDIS = 1 FPHDIS =0 FPHDIS = 1 FPHDIS =0
Scenario 3 Scenario 2 Scenario 1 Scenario 0

Flash Start Address

FPOPEN = 1 FPOPEN = 1

FPHSI[1:0]

OXFFFF

. Protected region ] Protected region with size
not defined by FPHS N defined by FPHS

Unprotected region

Figure 4-6. Flash protection scenarios

The general guideline is that flash protection can only be added and not removed. The
following table specifies all valid transitions between flash protection scenarios. Any
attempt to write an invalid scenario to the FPROT register will be ignored. The contents
of the FPROT register reflect the active protection scenario. See the FPROT[FPHS] and
FPROT[FPLS] bit descriptions for additional restrictions.

Table 4-13. Flash protection scenario transitions

From protection To protection scenario
scenario 0 1 2 3
0 X X
1 X
2 X X
3 X X X X

The flash protection address range is listed in the following two tables regarding the
scenarios in the table above.

Table 4-14. Flash protection higher address range

FPHS[1:0] Global address range Protected size
00 0xFCO00 — OxFFFF 1 Kbytes
01 0xF800 — OxFFFF 2 Kbytes
10 0xF400 — OXFFFF 3 Kbytes
11 0xF000 — OxFFFF 4 Kbytes
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During the reset sequence, fields NVM_EEPROT[DPOPEN] and NVM_EEPROT[DPS]
are loaded with the contents of the EEPROM protection byte in the flash configuration
field at global address OXFF7D located in flash memory. EEPROM protection address
range is specified by the NVM_EEPROT[DPS].

Table 4-15. EEPROM protection address range

DPS[1:0] Global address range Protected size
00 0x3100 — 0x311F 32 bytes
01 0x3100 — 0x313F 64 bytes
10 0x3100 — 0x315F 96 bytes
11 0x3100 — Ox317F 128 bytes

All possible flash protection scenarios are shown in Figure 4-6. Although the protection
scheme is loaded from the flash memory at global address OXFF7C during the reset
sequence, it can be changed by the user.

4.5.2.7 Security

The flash and EEPROM module provides security information to the MCU. The flash
security state is defined by the NVM_FSEC[SEC] bits. During reset, the flash module
initializes the NVM_FSEC register using data read from the security byte of the flash and
EEPROM configuration field at global address OxFF7F. The security state out of reset
can be permanently changed by programming the security byte, assuming that the MCU
1s starting from a mode where the necessary flash and EEPROM erase and program
commands are available and that the upper region of the flash is unprotected. If the flash
security byte is successfully programmed, its new value will take affect after the next
MCU reset.

The following subsections describe these security-related subjects:
e Unsecuring the MCU using backdoor key access
* Unsecuring the MCU using BDM
* Mode and security effects on flash and EEPROM command availability

4.5.2.7.1 Unsecuring the MCU using backdoor key access

The MCU may be unsecured by using the backdoor key access feature which requires
knowledge of the contents of the backdoor keys, which are four 16-bit words
programmed at addresses OxFF70-0xFF77. If the KEYEN[1:0] bits are in the enabled
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state, the verify backdoor access key command — see Verify backdoor access key
command, allows the user to present four prospective keys for comparison to the keys
stored in the flash and EEPROM memory via the memory controller. If the keys
presented in the verify backdoor access key command match the backdoor keys stored in
the flash and EEPROM memory, the FSEC[SEC] bits will be changed to unsecure the
MCU. Key values of 0x0000 and OxFFFF are not permitted as backdoor keys. While the
Verify Backdoor Access Key command is active, flash memory and EEPROM memory
will not be available for read access and will return invalid data.

The user code stored in the flash memory must have a method of receiving the backdoor
keys from an external stimulus. This external stimulus would typically be through one of
the on-chip serial ports.

If the KEYEN([1:0] bits are in the enabled state, the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the verify backdoor access key command as
explained in Verify backdoor access key command.

2. If the verify backdoor access key command is successful, the MCU is unsecured and
the FSEC[SEC] bits are forced to the unsecure state of 10.

The verify backdoor access key command is monitored by the memory controller and an
illegal key will prohibit future use of the verify backdoor access key command. A reset of
the MCU is the only method to re-enable the verify backdoor access key command. The
security as defined in the flash and EEPROM security byte (0XxFF7F) is not changed by
using the verify backdoor access key command sequence. The backdoor keys stored in
addresses OxFF70-0xFF77 are unaffected by the verify backdoor access key command
sequence. The verify backdoor access key command sequence has no effect on the
program and erase protections defined in the flash and EEPROM protection register,
FPORT.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After
the MCU is unsecured, the sector containing the flash and EEPROM security byte can be
erased and the flash and EEPROM security byte can be reprogrammed to the unsecure
state, if desired. In the unsecure state, the user has full control of the contents of the
backdoor keys by programming addresses OxFF70—0xFF77 in the flash configuration
field.

4.5.2.7.2 Unsecuring the MCU using BDM

A secured MCU can be unsecured by using the following method to erase the flash and
EEPROM memory:
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1. Reset the MCU.
2. Set FCDIV register as described in Writing the FCLKDIV register.

3. Configure registers NVM_FERSTAT and NVM_FPROT to disable protection in the
flash and EEPROM memory.

4. Execute the erase all blocks command write sequence to erase the flash and
EEPROM memory. Alternately, the unsecure NVM command can be executed.

If the flash and EEPROM memory are verified as erased, the MCU will be
unsecured. All BDM. commands will now be enabled and the flash security byte may
be programmed to the unsecure state by continuing with the steps that follow.

5. Execute the program flash command write sequence to program the flash security
byte to the unsecured state.

6. Reset the MCU.

4.5.2.7.3 Mode and security effects on flash and EEPROM command
availability

The availability of flash and EEPROM module commands depends on the MCU
operating mode and security state as shown in Table 4-9.

4.5.2.8 Flash and EEPROM commands

45.2.8.1 Flash commands

The following table summarizes the valid flash commands as well as the effects of the
commands on the flash block and other resources within the flash and EEPROM module.

Table 4-16. Flash commands

FCMD Command Function on flash memory

0x01 Erase verify all blocks Verify that all flash (and EEPROM) blocks are erased

0x02 Erase verify block Verify that a flash block is erased

0x03 Erase verify flash section | Verify that a given number of words starting at the address provided are erased

0x04 Read Once Read a dedicated 6_4 byte field in the non\_/olatile information register in flash
block that was previously programmed using the program once command

0x06 Program flash Program up to two longwords in a flash block

0X07 Program once Program a dedicated 64 byte field in the nonvolatile information register in flash

block that is allowed to be programmed only once
0x08 Erase all block Erase all flash and EEPROM blocks

Table continues on the next page...
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Table 4-16. Flash commands (continued)

FCMD Command Function on flash memory
An erase of all flash blocks is possible only when the FPROT[FPHDIS], and
FPROT[FPOEN] bits and the EEPROT[DPOPEN] bit are set prior to launching
the command
Erase a flash or EEPROM block
0x09 Erase flash block An erase of the full flash block is possible only when FPROT[FPHDIS], and
FPROT[FPOEN] bits are set prior to launching the command
O0x0A Erase flash sector Erase all bytes in a flash sector
Supports a method of releasing MCU security by erasing all flash (and
0x08 Unsecure flash EEPROM) blocks and verifying that all flash (and EEPROM) blocks are erased
0x0C Verify backdoor access key |Supports a method of releasing MCU security by verifying a set of security keys
0x0D Set user margin level Specifies a user margin read level for all flash blocks

4.5.2.8.2 EEPROM commands

The following table summarizes the valid EEPROM commands along with the effects of
the commands on the EEPROM block.

Table 4-17. EEPROM commands

FCMD Command Function on flash memory
0x01 Erase verify all blocks Verify that all EEPROM (and flash) blocks are erased.
0x02 Erase verify block Verify that an EEPROM block is erased.
Erase all EEPROM and flash blocks
0x08 Erase all block An erase of all EEPROM blocks is possible only when the FPROT[FPHDIS], and
FPROT[FPOEN] bits and the DPOPEN bit in the EEPORT register are set prior
to launching the command.
Erase a EEPROM and flash block
0x09 Erase EEPROM Block | An erase of the full flash block is possible only when FPROT[FPHDIS] and
FPROT[FPOPEN] bits are set prior to launching the command.
Supports a method of releasing MCU security by erasing all EEPROM and flash
0x0B Unsecure EEPROM blocks and verifying that all EEPROM and flash blocks are erased.
0x0D Set User Margin Level Specifies a user margin read level for all flash blocks.
0x10 Erase VseggianPROM Verify that a given number of bytes starting at the address provided are erased.
0x11 Program EEPROM Program up to four bytes in the EEPROM block.
0x12 Erase EEPROM Sector Erase all bytes in a sector of the EEPROM block.
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4.5.2.8.3 Allowed simultaneous flash and EEPROM operations

Only the operations marked 'OK' in the following table are permitted to be run
simultaneously on the flash and EEPROM blocks. Some operations cannot be executed
simultaneously because certain hardware resources are shared by the two memories. The
priority has been placed on permitting flash reads while program and erase operations
execute on the EEPROM, providing read (flash) while write (EEPROM) functionality.

Table 4-18. Allowed simultaneous flash and EEPROM operations

EEPROM
Program flash
Read Margin read Program Sector erase Mass erase
Read OK OK OK
Margin Read'
Program
Sector Erase
Mass Erase? OK

1. A'Margin read' is any read after executing the margin setting commands 'Set user margin level' or 'Set field margin level'
with anything but the 'normal’ level specified. See the Note on margin settings in
2. The 'Mass erase' operations are commands 'Erase all blocks' and 'Erase flash block'

4.5.2.9 Flash and EEPROM command summary

This section provides details of all available flash commands launched by a command
write sequence. The FSTAT[ACCERR] bit will be set during the command write
sequence if any of the following illegal steps are performed, causing the command not to
be processed by the memory controller:

e Starting any command write sequence that programs or erases flash memory before
initializing the FLCKDIV register.

* Writing an invalid command as part of the command write sequence.

 For additional possible errors, refer to the error handling table provided for each
command.

If a flash block is read during the execution of an algorithm (FSTAT[CCIF] = 0) on that
same block, the read operation will return invalid data if both flags FERSTAT[SFDIF]
and FERSTAT[DFDIF] are set. If the FERSTAT[SFDIF] or FERSTAT[DFDIF] flags
were not previously set when the invalid read operation occurred, both the
FERSTAT[SFDIF] and FERSTAT[DFDIF] flags will be set.

If the FSTAT[ACCERR] or FSTAT[FPVIOL] bits are set, the user must clear these bits
before starting any command write sequence.
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CAUTION

An EEPROM byte or flash longword must be in the erased state
before being programmed. Cumulative programming of bits
within an EEPROM byte or flash longword is not allowed.

4.5.2.9.1 Erase verify all blocks command

The erase verify all blocks command will verify that all flash and EEPROM blocks have
been erased.

Table 4-19. Erase verify all blocks command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x01 Not required

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify all blocks command, the
memory controller will verify that the entire flash memory space is erased. The
NVM_FSTAT[CCIF] flag will set after the erase verify all blocks operation has
completed. If all blocks are not erased, it means blank check failed and both
NVM_FSTAT[MGSTAT] bits will be set.

Table 4-20. Erase verify all blocks command error handling

Register Error bit Error condition
ACCERR Set if CCOBIX[2:0] != 000 at command launch
FPVIOL None
NVM_FSTAT MGSTAT fS('alt i;any errors have been encountered during the read! or if blank check
aile
MGSTATO Selt if any non-corr(_ectable errors have been encountered during the read
or if blank check failed

1. As found in the memory map for NVM

4.5.2.9.2 Erase verify block command

The erase verify block command allows the user to verify that an entire flash or
EEPROM block has been erased. The FCCOB global address [23:0] bits determine which
block must be verified.

Table 4-21. Erase verify block command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x02 Global address [23:16] to identify Flash block®
001 Global address [15:0] in flash block to be verified
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1. Global address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify block command, the
memory controller will verify that the selected flash or EEPROM block is erased. The
NVM_FSTAT[CCIF] flag will set after the erase verify block operation has completed. If
the block is not erased, it means blank check failed and both NVM_FSTAT[MGSTAT]
bits will be set.

Table 4-22. Erase verify block command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 000 at command launch
ACCERR - - - - -
Set if an invalid global address [23:0] is supplied’
FPVIOL None
FSTAT i i i
Set if any errors have been encountered during the read or if blank check
MGSTAT1 :
failed
MGSTATO Se_t if any non-corn_ectable errors have been encountered during the read
or if blank check failed

1. As found in the memory map for NVM

4.5.2.9.3 Erase verify flash section command

The erase verify flash section command will verify that a section of code in the flash
memory is erased. The erase verify flash section command defines the starting point of
the code to be verified and the number of longwords.

Table 4-23. Erase verify flash section command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x03 Global address [23:16] of flash block
001 Global address [15:0] of the first longwords to be verified
010 Number of long words to be verified

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify flash section command,
the memory controller will verify that the selected section of flash memory is erased. The
NVM_FSTAT[CCIF] flag will set after the erase verify flash section operation has
completed. If the section is not erased, it means blank check failed and both
FSTAT[MGSTAT!] bits will be set.

Table 4-24. Erase verify flash section command error handling

Register Error bit Error condition
FSTAT ACCERR Set if CCOBIX[2:0] != 010 at command launch

Table continues on the next page...
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Table 4-24. Erase verify flash section command error handling (continued)

Register Error bit Error condition

Set if command not available in current mode (see Table 4-9)

Set if an invalid global address [23:0] is supplied (see Table 4-6)’

Set if a misaligned long words address is supplied (global address[1:0] !=

00)
Set if the requested section crosses flash address boundary
FPVIOL None
: : Y
MGSTAT S(_et if any errors have been encountered during the read< or if blank check
failed
. _ H 2
MGSTATO Set if any non-correctable errors have been encountered during the read

or if blank check failed

1. As defined by the memory map for NVM
2. As found in the memory map for NVM

4.5.2.9.4 Read once command

The read once command provides read access to a reserved 64 byte field (8 phrase)
located in the nonvolatile information register of flash. The read once field can only be
programmed once and can not be erased. It can be used to store the product ID or any
other information that can be written only once. It is programmed using the program once
command described in Program once command. To avoid code runaway, the read once
command must not be executed from the flash block containing the program once
reserved field.

Table 4-25. Read once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x04 | Not required
001 Read once phrase index (0x0000 — 0x0007)
010 Read once word 0 value
011 Read once word 1 value
100 Read once word 2 value
101 Read once word 3 value

Upon clearing FSTAT[CCIF] to launch the read once command, a read once phrase is
fetched and stored in the FCCOB indexed register. The FSTAT[CCIF] flag will set after
the read once operation has completed. Valid phrase index values for the read once
command range from 0x0000 to 0x0007. During execution of the read once command,
any attempt to read addresses within flash block will return invalid data.
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Table 4-26. Read once command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch
ACCERR Set if command is not available in current mode (see Table 4-9)
Set if an invalid phrase index is supplied
FSTAT
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the read
MGSTATO Set if any non-correctable errors have been encountered during the read

4.5.2.9.5 Program flash command

The program flash operation will program up to two previously erased longwords in the
flash memory using an embedded algorithm.

Note

A flash phrase must be in the erased state before being
programmed. Cumulative programming of bits within a flash
phrase is not allowed.

Table 4-27. Program flash command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x06 Global address [23:16] to identify flash block
001 Global address [15:0] of longwords location to be programmed!
010 Word 0 (longword 0) program value
011 Word 1 (longword 0) program value
100 Word 2 (longword 1) program value
101 Word 3 (longword 1) program value

1. Global address [1:0] must be 00.

Upon clearing NVM_FSTAT[CCIF] to launch the program flash command, the memory
controller will program the data words to the supplied global address and will then
proceed to verify the data words read back as expected. The NVM_FSTAT[CCIF] flag
will set after the program flash operation has completed.

Table 4-28. Program flash command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 011 or 101 at command launch
NVM_FSTAT ACCERR Set if command not available in current mode (see Table 4-9)
Set if an invalid global address [23:0] is supplied (see Table 4-6)"

Table continues on the next page...
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Table 4-28. Program flash command error handling (continued)

Register Error bit Error condition
Set if a misaligned longword address is supplied (global address [1:0] !=
00)
Set if the requested group of words breaches the end of the flash block.
FPVIOL Set if the global address [23:0] points to a protected data
MGSTAT1 Set if any errors have been encountered during the verify operation

Set if any non-correctable errors have been encountered during the verify

MGSTATO .
operation

1. As defined by the memory map of NVM

4.5.2.9.6 Program once command

The program once command restricts programming to a reserved 64 byte field (8 phrases)
in the nonvolatile information register located in flash. The program once reserved field
can be read using the read once command as described in Read once command. The
program once command must be issued only because the nonvolatile information register
in flash cannot be erased. To avoid code runaway, the read once command must not be
executed from the flash block containing the program once reserved field.

Table 4-29. Program once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x07 | Not required
001 Program Once phrase index (0x000 — 0x0007)
010 Program once Word 0 value
011 Program once Word 1value
100 Program once Word 2 value
101 Program once Word 3 value

Upon clearing FSTAT[CCIF] to launch the program once command, the memory
controller first verifies that the selected phrase is erased. If erased, then the selected
phrase will be programmed and then verified with read back. The FSTAT[CCIF] flag will
remain clear, setting only after the program once operation has completed.

The reserved nonvolatile information register accessed by the program once command
cannot be erased, and any attempt to program one of these phrases a second time will not
be allowed. Valid phrase index values for the program once command range from 0x0000
to 0x0007. During execution of the program once command, any attempt to read
addresses within flash will return invalid data.
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Table 4-30. Program once command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 101 at command launch
Set if command not available in current mode (see Table 4-9)
ACCERR
Set if an invalid phrase index is supplied
i 1
FSTAT Set if the requested phrase has already been programmed
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify
operation

1. If a program once phrase is initially programmed to OxFFFF_FFFF_FFFF_FFFF, the program once command will be
allowed to execute again on that same phrase.

4.5.2.9.7 Erase all blocks command
The erase all blocks operation will erase the entire flash and EEPROM memory space.

Table 4-31. Erase all blocks command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x08 Not required

Upon clearing NVM_FSTAT[CCIF] to launch the erase all blocks command, the
memory controller will erase the entire NVM memory space and verify that it is erased. If
the memory controller verifies that the entire NVM memory space was properly erased,
security will be released. Therefore, the device is in unsecured state. During the execution
of this command (NVM_FSTAT[CCIF] = 0) the user must not write to any NVM module
register. The NVM_FSTAT[CCIF] flag will set after the erase all blocks operation has
completed.

Table 4-32. Erase all blocks command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 000 at command launch
ACCERR
Set if command not available in current mode (see Table 4-9)
NVM_ESTAT FPVIOL Set if any area of the flash or EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation’

Set if any non-correctable errors have been encountered during the verify

MGSTATO 7
operation

1. As found in the memory map for NVM
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4.5.2.9.8 Erase flash block command

The erase flash block operation will erase all addresses in a flash or EEPROM block.

Table 4-33. Erase flash block command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x09 | Global address [23:16] to identify flash block’
001 Global address[15:0] in flash block to be erased

1. Global address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.

Upon clearing FSTAT[CCIF] to launch the erase flash block command, the memory
controller will erase the selected flash block and verify that it is erased. The
FSTAT[CCIF] flag will set after the erase flash block operation has completed.

Table 4-34. Erase flash block command error handling

Register Error Bit Error Condition
Set if CCOBIX[2:0] |= 001 at command launch
ACCERR Set if command not available in current mode (see Table 4-9)
Set if an invalid global address [23:16] is supplied'
FSTAT FPVIOL Set if an area of the selected flash block is protected
MGSTAT1 Set if any errors have been encountered during the verify operation?
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation?

1. As defined by the memory map for NVM
2. As found in the memory map for NVM
4.5.2.9.9 Erase flash sector command

The erase flash sector operation will erase all addresses in a flash sector.

Table 4-35. Erase flash sector command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 O0x0A | Global address [23:16] to identify flash block to be erased
001 Global address [15:0] anywhere within the sector to be erased. Refer to Overview for the flash
sector size

Upon clearing FSTAT[CCIF] to launch the erase flash sector command, the memory
controller will erase the selected flash sector and then verify that it is erased. The
FSTAT[CCIF] flag will be set after the erase flash sector operation has completed.
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Table 4-36. Erase flash sector command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 4-9)

ACCERR Set if an invalid global address [23:16] is supplied.! (see Table 4-6)
Set if a misaligned longword address is supplied (global address [1:0] !=
FSTAT 00)
FPVIOL Set if the selected flash sector is protected
MGSTAT1 Set if any errors have been encountered during the verify operation

Set if any non-correctable errors have been encountered during the verify

MGSTATO .
operation

1. As defined by the memory map for NVM

4.5.2.9.10 Unsecure flash command

The unsecure flash command will erase the entire flash and EEPROM memory space,
and if the erase is successful, will release security.

Table 4-37. Unsecure flash command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x0B | Not required

Upon clearing FSTAT[CCIF] to launch the unsecure flash command, the memory
controller will erase the entire flash and EEPROM memory space and verify that it is
erased. If the memory controller verifies that the entire flash and EEPROM memory
space was properly erased, security will be released. If the erase verify is not successful,
the unsecure flash operation sets FSTAT[MGSTATI] and terminates without changing
the security state. During the execution of this command (FSTAT[CCIF] = 0), the user
must not write to any flash and EEPROM module register. The FSTAT[CCIF] flag is set
after the unsecure flash operation has completed.

Table 4-38. Unsecure flash command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 000 at command launch
ACCERR - - - -
Set if command is not available in current mode (see Table 4-9)
FSTAT FPVIOL Set if any area of the flash or EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation’
MGSTATO Set if gny1non-correctable errors have been encountered during the verify
operation

1. As found in the memory map for NVM
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4.5.2.9.11 Verify backdoor access key command

The verify backdoor access key command will execute only if it is enabled by the
NVM_FSEC[KEYEN] bits. The verify backdoor access key command releases security
if user-supplied keys match those stored in the flash security bytes of the flash
configuration field. See Table 4-6 for details. The code that performs verifying backdoor
access command must be running from RAM or EEPROM.

Table 4-39. Verify backdoor access key command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x0C Not required
001 Key 0
010 Key 1
011 Key 2
100 Key 3

Upon clearing NVM_FSTAT[CCIF] to launch the verify backdoor access key command,
the memory controller will check the NVM_FSEC[KEYEN] bits to verify that this
command is enabled. If not enabled, the memory controller sets the
NVM_FSTAT[ACCERR] bit. If the command is enabled, the memory controller
compares the key provided in FCCOB to the backdoor comparison key in the flash
configuration field with Key 0 compared to OxFF70, and so on. If the backdoor keys
match, security will be released. If the backdoor keys do not match, security is not
released and all future attempts to execute the verify backdoor access key command are
aborted (set NVM_FSTAT[ACCERR]) until a reset occurs. The NVM_FSTAT[CCIF]
flag is set after the verify backdoor access key operation has completed.

Table 4-40. Verify backdoor access key command error handling

Register Error bit Error condition

Set if CCOBIX[2:0] # 100 at command launch
Set if an incorrect backdoor key is supplied

ACCERR
Set if backdoor key access has not been enabled (KEYEN[1:0] # 10

NVM_FSTAT Set if the backdoor key has mismatched since the last reset
FPVIOL None
MGSTAT1 None
MGSTATO None
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4.5.2.9.12 Set user margin level command

The user margin is a small delta to the normal read reference level and, in effect, is a
minimum safety margin. That is, if the reads pass at the tighter tolerances of the user

margins, the normal reads have at least that much safety margin before users experience
data loss.

The set user margin level command causes the memory controller to set the margin level
for future read operations of the flash or EEPROM block.

Table 4-41. Set user margin level command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x0D Global address [23:16] to identify flash block’
001 Global address [15:0] to identify flash block
010 Margin level setting

1. Global Address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.

Upon clearing NVM_FSTAT[CCIF] to launch the set user margin level command, the

memory controller will set the user margin level for the targeted block and then set the
NVM_FSTAT[CCIF] flag.

Note

When the EEPROM block is targeted, the EEPROM user
margin levels are applied only to the EEPROM reads. However,
when the Flash block is targeted, the flash user margin levels
are applied to both Flash and EEPROM reads. It is not possible
to apply user margin levels to the flash block only.

Valid margin level settings for the set user margin level command are defined in the
following tables.

Table 4-42. Valid set user margin level settings

ccos

(CCOBIX = 010) Level description
0x0000 Return to normal level
0x0001 User margin-1 level
0x0002 User margin-0 level?

1. Read margin to the erased state
2. Read margin to the programmed state
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Table 4-43. Set user margin level command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 010 at command launch
ACCERR Set if command is not available in current mode (see Table 4-9)
Set if an invalid global address [23:0] is supplied
NVM_FSTAT Set if an invalid margin level setting is supplied
FPVIOL None
MGSTAT1 None
MGSTATO None

Note

User margin levels can be used to check that NVM memory
contents have adequate margin for normal level read operations.
If unexpected results are encountered when checking NVM
memory contents at user margin levels, a potential loss of
information has been detected.

4.5.2.9.13 Erase verify EEPROM section command

The erase verify EEPROM section command will verify that a section of code in the
EEPROM is erased. The erase verify EEPROM section command defines the starting
point of the data to be verified and the number of bytes.

Table 4-44. Erase verify EEPROM section command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x10 Global address [23:16] to identify the EEPROM block
001 Global address [15:0] of the first byte to be verified
010 Number of bytes to be verified

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify that EEPROM section
command, the memory controller will verify the selected section of EEPROM memory is
erased. The NVM_FSTAT[CCIF] flag will set after the erase verify EEPROM section
operation has completed. If the section is not erased, which means that blank check
failed, both NVM_FSTAT[MGSTAT] bits will be set.

Table 4-45. Erase verify EEPROM section command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 010 at command launch
Set if command is not available in current mode (see Table 4-9)

FSTAT ACCERR

Table continues on the next page...
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Table 4-45. Erase verify EEPROM section command error handling (continued)

Register Error bit Error condition

Set if an invalid global address [23:0] is supplied

Set if the requested section breaches the end of the EEPROM block

FPVIOL None
MGSTAT g;tez any errors have been encountered during the read or if blank check

Set if any non-correctable errors have been encountered during the read

MGSTATO or it blank check failed.

4.5.2.9.14 Program EEPROM command

The program EEPROM operation programs one to four previously erased bytes in the
EEPROM block. The program EEPROM operation will confirm that the targeted
location(s) were successfully programmed upon completion.

Note

A EEPROM byte must be in the erased state before being
programmed. Cumulative programming of bits within a
EEPROM byte is not allowed.

Table 4-46. Program EEPROM command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x11 Global address [23:16] to identify the EEPROM block
001 Global address [15:0] of the first word to be verified
010 Byte O program value
011 Byte 1 program value, if desired
100 Byte 2 program value, if desired
101 Byte 3 program value, if desired

Upon clearing NVM_FSTAT[CCIF] to launch the program EEPROM command, the
user-supplied words will be transferred to the memory controller and be programmed if
the area is unprotected. The CCOBIX index value at program EEPROM command
launch determines how many bytes will be programmed in the EEPROM block. The
NVM_FSTAT[CCIF] flag is set when the operation has completed.

Table 4-47. Program EEPROM command error handling

Register Error Bit Error condition

Set if CCOBIX[2:0] < 010 at command launch

NVM_FSTAT ACCERR

Set if CCOBIX[2:0] >101 at command launch

Table continues on the next page...

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

84 Freescale Semiconductor, Inc.



g |

Chapter 4 Memory map

Table 4-47. Program EEPROM command error handling (continued)
Register Error Bit Error condition
Set if command is not available in current mode (see Table 4-9)
Set if an invalid global address [23:0] is supplied
Set if the requested group of words breaches the end of the EEPROM
block
FPVIOL Set if the selected area of the EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO g;ta t[fa :gz non-correctable errors have been encountered during the verify

4.5.2.9.15 Erase EEPROM sector command
The erase EEPROM sector operation will erase all addresses in a sector of the EEPROM

block.
Table 4-48. Erase EEPROM sector command FCCOB requirements
CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x12 Global address [23:16] to identify EEPROM block
001 Global address [15:0] anywhere within the sector to be erased. See Overview for EEPROM sector

size

Upon clearing NVM_FSTAT[CCIF] to launch the erase EEPROM sector command, the
memory controller will erase the selected EEPROM sector and verify that it is erased.
The NVM_FSTAT[CCIF] flag will set after the erase EEPROM sector operation has

completed.
Table 4-49. Erase EEPROM sector command error handling
Register Error bit Error condition

Set if CCOBIX[2:0] # 001 at command launch

ACCERR Set if command is not available in current mode (see Table 4-9)
Set if an invalid global address [23:0] is supplied (see Table 4-6)

NVM_FSTAT FPVIOL Set if the selected area of the EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation
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4.6 Flash and EEPROM registers descriptions

The flash module contains a set of 16 user control and status registers located between
0x3020 and 0x302F. In the case of the writable registers, the write accesses are forbidden
during flash command execution. For more details, see Caution note in Flash and
EEPROM memory map. A summary of the flash module registers is given in the
following table with detailed descriptions in the following subsections.

NVM memory map

22211? Register name (ivr‘lligittg) Access | Reset value S;(;tgi’:n/
(hex)
3020 Flash Clock Divider Register (NVM_FCLKDIV) 8 R/W 00h 4.6.1/86
3021 Flash Security Register (NVM_FSEC) 8 R Undefined 4.6.2/87
3022 Flash CCOB Index Register (NVM_FCCOBIX) 8 R/W 00h 4.6.3/88
3024 Flash Configuration Register (NVM_FCNFG) 8 R/W 00h 4.6.4/88
3025 Flash Error Configuration Register (NVM_FERCNFG) 8 R/W 00h 4.6.5/89
3026 Flash Status Register (NVM_FSTAT) 8 R/W 80h 4.6.6/90
3027 Flash Error Status Register (NVM_FERSTAT) 8 R/W 00h 4.6.7/91
3028 Flash Protection Register (NVM_FPROT) 8 R Undefined 4.6.8/92
3029 EEPROM Protection Register (NVM_EEPROT) 8 R/W Undefined 4.6.9/93
302A ::’\Ile;s'\r;l_(}Fongrrcl)ochl:)ommand Object Register:High 8 R/W 00h 4.6.10/94
3028 ::’\Iles‘,l\r;l_CFocr;nCrgogL%c))mmand Object Register: Low 8 R/W 00h 4.6.11/95
302C Flash Option Register (NVM_FOPT) 8 R Undefined 4.6.12/95

4.6.1 Flash Clock Divider Register (NVM_FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

NOTE
The FCLKDIV register must not be written while a flash
command is executing (NVM_FSTAT[CCIF] = 0)

Address: 3020h base + Oh offset = 3020h

Bit 7 6 5 4 | 3 2 1 0
Read | FDIVLD
FDIVLCK FDIV
Write
Reset 0 0 0 o | o 0 0 0
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NVM_FCLKDIV field descriptions

Field Description

7 Clock Divider Loaded
FDIVLD
0 FCLKDIV register has not been written since the last reset.

1 FCLKDIV register has been written since the last reset.

6 Clock Divider Locked
FDIVLCK
0 FDIV field is open for writing.

1 FDIV value is locked and cannot be changed. After the lock bit is set high, only reset can clear this bit
and restore writability to the FDIV field in user mode.

FDIV Clock Divider Bits

FDIV[5:0] must be set to effectively divide BUSCLK down to 1MHz to control timed events during flash
program and erase algorithms. Refer to the table in the Writing the FCLKDIV register for the
recommended values of FDIV based on the BUSCLK frequency.

4.6.2 Flash Security Register (NVM_FSEC)

The FSEC register holds all bits associated with the security of the MCU and NVM
module. All bits in the FSEC register are readable but not writable. During the reset
sequence, the FSEC register is loaded with the contents of the flash security byte in the
flash configuration field at global address OXxFF7F located in flash memory.

See Security for security function.

Address: 3020h base + 1h offset = 3021h

Bit 7 6 5 4 | 3 2 1 0
Read KEYEN Reserved SEC
Write
Reset X* X* X* X* X* x* x* xX*
* Notes:

¢ x = Undefined at reset.

NVM_FSEC field descriptions

Field Description

7-6 Backdoor Key Security Enable Bits
KEYEN
The KEYEN([1:0] bits define the enabling of backdoor key access to the flash module.

NOTE: 01 is the preferred KEYEN state to disable backdoor key access.

00 Disabled
01 Disabled
10 Enabled
11 Disabled

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

Field Description
5-2 This field is reserved.

Reserved
SEC Flash Security Bits

The SEC[1:0] bits define the security state of the MCU. If the flash module is unsecured using backdoor
key access, the SEC bits are forced to 10.

NOTE: 01 is the preferred SEC state to set MCU to secured state.

00 Secured
01 Secured
10 Unsecured
11 Secured

4.6.3 Flash CCOB Index Register (NVM_FCCOBIX)
The FCCOBIX register is used to index the FCCOB register for NVM memory

operations.

Address: 3020h base + 2h offset = 3022h

Bit 7 6 5 4 | 3 2 1 0
Read CCOBIX
Write
Reset 0 0 0 0 0 0 0 0
NVM_FCCOBIX field descriptions
Field Description
7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
CCOBIX Common Command Register Index

The CCOBIX bits are used to select which word of the FCCOB register array is being read or written to.

4.6.4 Flash Configuration Register (NVM_FCNFG)

The FCNFG register enables the flash command complete interrupt and forces ECC
faults on flash array read access from the CPU.

Address: 3020h base + 4h offset = 3024h

Bit

Read
Write
Reset

7 6 5 4 | 3 2 1 0
CCIE FDFD FSFD
0 0 0 0 0 0 0 0
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NVM_FCNFG field descriptions

Field Description

7 Command Complete Interrupt Enable
CCIE
The CCIE bit controls interrupt generation when a flash command has completed.

0 Command complete interrupt disabled.
1 Aninterrupt will be requested whenever the CCIF flag in the FSTAT register is set.

6-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Ignore Single Bit Fault
IGNSF

The IGNSF controls single bit fault reporting in the FERSTAT register.

0 All single bit faults detected during array reads are reported.

1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not
be generated.

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Force Double Bit Fault Detect
FDFD

The FDFD bit allows the user to simulate a double bit fault during flash array read operations and check
the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD.

0 Flash array read operations will set the FERSTAT[DFDIF] flag only if a double bit fault is detected.

1 Any flash array read operation will force the FERSTAT[DFDIF] flag to be set and an interrupt will be
generated as long as the DFDIE interrupt enable in the FERCNFG register is set.

0 Force Single Bit Fault Detect
FSFD
The FSFD bit allows the user to simulate a single bit fault during flash array read operations and check the
associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD.

0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is
detected.

1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set and an interrupt

will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set.

4.6.5 Flash Error Configuration Register (NVM_FERCNFG)
The FERCNEFG register enables the flash error interrupts for the FERSTAT flags.

Address: 3020h base + 5h offset = 3025h

Bit 7 6 5 4 | 3 2 1 0
Read DFDIE SFDIE
Write
Reset 0 0 0 0 0 0 0 0
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NVM_FERCNFG field descriptions

Field Description
72 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Double Bit Fault Detect Interrupt Enable
DFDIE
The DFDIE bit controls interrupt generation when a double bit fault is detected during a flash block read
operation.
0 DFDIF interrupt disabled.
1 Aninterrupt will be requested whenever the DFDIF flag is set.
0 Single Bit Fault Detect Interrupt Enable
SFDIE

The SFDIE bit controls interrupt generation when a single bit fault is detected during a flash block read
operation.

0 SFDIF interrupt disabled whenever the SFDIF flag is set.
1 Aninterrupt will be requested whenever the SFDIF flag is set.

4.6.6 Flash Status Register (NVM_FSTAT)
The FSTAT register reports the operational status of the flash and EEPROM module.

Address: 3020h base + 6h offset = 3026h

Bit 7 6 5 4 3 2 1 0
Read 0 MGBUSY 0 MGSTAT
CCIF ACCERR FPVIOL
Reset 1 0 0 0 0 0 0 0
NVM_FSTAT field descriptions
Field Description
7 Command Complete Interrupt Flag
CCIF
The CCIF flag indicates that a flash command has completed. The CCIF flag is cleared by writing a 1 to
CCIF to launch a command and CCIF will stay low until command completion or command violation.
0 Flash command in progress.
1 Flash command has completed.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Flash Access Error Flag
ACCERR

The ACCERR bit indicates an illegal access has occurred to the flash memory caused by either a violation
of the command write sequence or issuing an illegal flash command. While ACCERR is set, the CCIF flag
cannot be cleared to launch a command. The ACCERR bit is cleared by writing a 1 to ACCERR. Writing a
0 to the ACCERR bit has no effect on ACCERR.

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

Field Description

0 No access error detected.
1 Access error detected.

4 Flash Protection Violation Flag
FPVIOL
The FPVIOL bit indicates an attempt was made to program or erase an address in a protected area of
flash or EEPROM memory during a command write sequence. The FPVIOL bit is cleared by writing a 1 to
FPVIOL. Writing a 0 to the FPIOL bit has no effect on FPIOL. While FPIOL is set, it is not possible to
launch a command or start a command write sequence.

0 No protection violation detected.
1 Protection violation detected.

3 Memory Controller Busy Flag
MGBUSY
The MGBUSY flag reflects the active state of the memory controller.

0 Memory controller is idle.
1 Memory controller is busy executing a flash command (CCIF = 0).

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

MGSTAT Memory Controller Command Completion Status Flag

One or more MGSTAT flag bits are set if an error is detected during execution of a flash command or
during the flash reset sequence.

NOTE: Reset value can deviate from the value shown if a double bit fault is detected during the reset

sequence.

4.6.7 Flash Error Status Register (NVM_FERSTAT)

The FERSTAT register reflects the error status of internal flash and EEPROM
operations.

Address: 3020h base + 7h offset = 3027h

Bit 7 6 5 4 | 3 2 1 0
Read DFDIF SFDIF
Write
Reset 0 0 0 0 0 0 0 0

NVM_FERSTAT field descriptions
Field Description
7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Double Bit Fault Detect Interrupt Flag
DFDIF

The setting of the DFDIF flag indicates that a double bit fault was detected in the stored parity and data
bits during a flash array read operation or that a flash array read operation returning invalid data was

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

Field Description

attempted on a flash block that was under a flash command operation. The DFDIF flag is cleared by
writing a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.

NOTE: The single bit fault and double bit fault flags are mutually exclusive for parity errors, meaning that
an ECC fault occurrence can be either single fault or double fault but never both. A simultaneous
access collision, when the flash array read operation is returning invalid data attempted while a
command is running, is indicated when both SFDIF and DFDIF flags are high.

NOTE: There is a one cycle delay in storing the ECC DFDIF and SFDIF fault flags in the register. At least
one NOP is required after a flash memory read before checking FERSTAT for the occurrence of
EEC errors.

0 No double bit fault detected.

1 Double bit fault detected or a flash array read operation returning invalid data was attempted while
command running.

0 Single Bit Fault Detect Interrupt Flag
SFDIF
With the IGNSF bit in the FCNFG register clear, the SFDIF flag indicates that a single bit fault was
detected in the stored parity and data bits during a flash array read operation or that a flash array read
operation returning invalid data was attempted on a flash block that was under a flash command
operation. The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on
SRFDIF.

0 No single bit fault detected.

1 Single bit fault detected and corrected or a flash array read operation returning invalid data was
attempted while command running.

4.6.8 Flash Protection Register (NVM_FPROT)

The FPROT register defines which flash sectors are protected against program and erase
operations.

The unreserved bits of the FPROT register are writable with the restriction that the size of
the protected region can only be increased (see Protection).

During the reset sequence, the FPROT register is loaded with the contents of the flash
protection byte in the flash configuration field at global address OXFF7C located in flash
memory. To change the flash protection that will be loaded during the reset sequence, the
upper sector of the flash memory must be unprotected, then the flash protection byte must
be reprogrammed.

Trying to alter data in any protected area in the flash memory will result in a protection
violation error and the FPVIOL bit will be set in the FSTAT register. The block erase of a
flash block is not possible if any of the flash sectors contained in the same flash block are
protected.
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Address: 3020h base + 8h offset = 3028h

Bit 7 6 5 4 | 3 2 1 0
Read | epopeN ! FPHDIS FPHS 0
Write
Reset x* x* xX* x* | x* xX* x* x*

* Notes:
¢ x = Undefined at reset.

NVM_FPROT field descriptions

Field Description

7 Flash Protection Operation Enable
FPOPEN
The FPOPEN bit determines the protection function for program or erase operations.

0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as specified
by the corresponding FPHS and FPLS bits.

1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified
by the corresponding FPHS and FPLS bits.

6 This field is reserved.

Reserved This read-only field is reserved and always has the value 1.
5 Flash Protection Higher Address Range Disable

FPHDIS

The FPHDIS bit determines whether there is a protected/unprotected area in a specific region of the flash
memory ending with global address OxFFFF.

0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.

4-3 Flash Protection Higher Address Size
FPHS

The FPHS bits determine the size of the protected/unprotected area in flash memory. The FPHS bits can
be written to only while the FPHDIS bit is set.

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

4.6.9 EEPROM Protection Register (NVM_EEPROT)

The EEPROT register defines which EEPROM sectors are protected against program and
erase operations.

The unreserved bits of the EEPROT register are writable with the restriction that
protection can be added but not removed. Writes must increase the DPS value and the
DPOPEN bit can only be written from 1, protection disabled, to 0, protection enabled. If
the DPOPEN bit is set, the state of the DPS bits is irrelevant.

During the reset sequence, fields DPOPEN and DPS of the EEPROT register are loaded
with the contents of the EEPROM protection byte in the flash configuration field at
global address OxFF7D located in flash memory. To change the EEPROM protection that
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will be loaded during the reset sequence, the flash sector containing the EEPROM
protection byte must be unprotected. Then the EEPROM protection byte must be
programmed.

Trying to alter data in any protected area in the EEPROM memory will result in a
protection violation error and the FPVIOL bit will be set in the FSTAT register. Block
erase of the EEPROM memory is not possible if any of the EEPROM sectors are
protected.

Address: 3020h base + 9h offset = 3029h

Bit 7 6 5 4 | 3 2 1 0
Read | ppopeN DPS
Write
Reset x* x* xX*
* Notes:

¢ x = Undefined at reset.

NVM_EEPROT field descriptions

Field Description

7 EEPROM Protection Control
DPOPEN

0 Enables EEPROM memory protection from program and erase with protected address range defined
by DPS bits.
1 Disables EEPROM memory protection from program and erase.

6-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
DPS EEPROM Protection Size

These bits determine the size of the protected area in the EEPROM memory.

4.6.10 Flash Common Command Object Register:High
(NVM_FCCOBHI)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 3020h base + Ah offset = 302Ah

Bit 7 6 5 4 | 3 2 1 0
Read
Write ccoB
Reset 0 0 0 o | o 0 0 0
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NVM_FCCOBHI field descriptions

Field Description
CccoB Common Command Object Bit 15:8

High 8 bits of common command object register

4.6.11 Flash Common Command Object Register: Low
(NVM_FCCOBLO)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 3020h base + Bh offset = 302Bh

Bit 7 6 5 4 | 3 2 1 0
fead CCOB
Reset 0 0 0 o | o 0 0 0
NVM_FCCOBLO field descriptions
Field Description
CCOB Common Command Object Bit 7:0

Low 8 bits of common command object register

4.6.12 Flash Option Register (NVM_FOPT)
The FOPT register is the flash option register.

During the reset sequence, the FOPT register is loaded from the flash nonvolatile byte in
the flash configuration field at global address OxFF7E located in flash memory as
indicated by reset condition.

Address: 3020h base + Ch offset = 302Ch

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* x* x* x* x* xX*
* Notes:

¢ x = Undefined at reset.

MC9S08PA4 Reference Manual, Rev. 3, 08/2014

Freescale Semiconductor, Inc. 95




\
Y

4
A

riasn and EEPROM registers descriptions

NVM_FOPT field descriptions

Field

Description

NV

Nonvolatile Bits

The NV[7:0] bits are available as nonvolatile bits. During the reset sequence, the FOPT register is loaded
from the flash nonvolatile byte in the flash configuration field at global address OxFF7E located in flash

memory.
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Chapter 5
Interrupt

5.1 Interrupts

Interrupts save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so that processing resumes where it left off before
the interrupt. Other than the software interrupt (SWI), which is a program instruction,
interrupts are caused by hardware events such as an edge on the IRQ pin or a timer-
overflow event. The debug module can also generate an SWI under certain
circumstances.

If an event occurs in an enabled interrupt source, an associated read-only status flag will
be set. The CPU will not respond unless only the local interrupt enable is a logic 1. The I
bit in the CCR is O to allow interrupts. The global interrupt mask (I bit) in the CCR is
initially set after reset that masks (prevents) all maskable interrupt sources. The user
program initializes the stack pointer and performs other system setups before clearing the
I bit to allow the CPU to respond to interrupts.

When the CPU receives a qualified interrupt request, it completes the current instruction
before responding to the interrupt. The interrupt sequence obeys the same cycle-by-cycle
sequence as the SWI instruction and consists of:

» Saving the CPU registers on the stack.
* Setting the I bit in the CCR to mask further interrupts.

* Fetching the interrupt vector for the highest-priority interrupt that is currently
pending.

* Filling the instruction queue with the first three bytes of program information starting
from the address fetched from the interrupt vector locations.

While the CPU is responding to the interrupt, the I bit is automatically set to prevent
another interrupt from interrupting the ISR itself, which is called nesting of interrupts.
Normally, the I bit is restored to O when the CCR is restored from the value stacked on
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entry to the ISR. In rare cases, the I bit may be cleared inside an ISR, after clearing the
status flag that generated the interrupt, so that other interrupts can be serviced without
waiting for the first service routine to finish. This practice is recommended only for the
most experienced programmers because it can lead to subtle program errors that are
difficult to debug.

The interrupt service routine ends with a return-from-interrupt (RTT) instruction that
restores the CCR, A, X, and PC registers to their pre-interrupt values by reading the
previously saved information off the stack.

Note

For compatibility with the M68HCO08, the H register is not
automatically saved and restored. Push H onto the stack at the
start of the interrupt service routine (ISR) and restore it
immediately before the RTI that is used to return from the ISR.

When two or more interrupts are pending when the I bit is cleared, the highest priority
source is serviced first.

5.1.1 Interrupt stack frame

The following figure shows the contents and organization of a stack frame. Before the
interrupt, the stack pointer (SP) points at the next available byte location on the stack.
The current values of CPU registers are stored on the stack, starting with the low-order
byte of the program counter (PC) and ending with the CCR. After stacking, the SP points
at the next available location on the stack, which is the address that is one less than the
address where the CCR was saved. The PC value that is stacked is the address of the
instruction in the main program that would have executed next if the interrupt had not
occurred.
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* High byte (H) of index register is not automatically stacked.

Figure 5-1. Interrupt stack frame

When an RTI instruction executes, these values are recovered from the stack in reverse
order. As part of the RTI sequence, the CPU fills the instruction pipeline by reading three
bytes of program information, starting from the PC address recovered from the stack.

The status flag causing the interrupt must be acknowledged (cleared) before returning
from the ISR. Typically, the flag must be cleared at the beginning of the ISR because if
another interrupt is generated by this source it will be registered so that it can be serviced
after completion of the current ISR.

5.1.2 Interrupt vectors, sources, and local masks

The following table provides a summary of all interrupt sources. High-priority sources
are located toward the bottom of the table. The high-order byte of the address for the
interrupt service routine is located at the first address in the vector address column, and
the low-order byte of the address for the interrupt service routine is located at the next
higher address.

When an interrupt condition occurs, an associated flag bit is set. If the associated local
interrupt enable is 1, an interrupt request is sent to the CPU. If the global interrupt mask
(I bit in the CCR) is 0, the CPU finishes the current instruction, stacks the PCL, PCH, X,
A, and CCR CPU registers, sets the I bit, and then fetches the interrupt vector for the
highest priority pending interrupt. Processing then continues in the interrupt service
routine.
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Table 5-1. Vector summary (from lowest to highest priority)
Vector number Addr?z‘?v)(highl Vector name Module Source Local enable Description
CCIF NVM command
39 OxFFBO:FFB1 Vnvm NVM DFDIF CCIE complete
SFDIF interrupt
38 OxFFB2:FFB3 |Unused Unused Unused Unused Unused
37 OXFFB4:FFB5  |Vkeyboard0 KBIO KBF KBIE ﬁé’sﬁz{%
36 OxFFB6:FFB7  |Unused Unused Unused Unused Unused
35 OxFFB8:FFB9 |Vric RTC RTIF RTIE RTC overflow
34 OxFFBA:FFBB |Unused Unused Unused Unused Unused
33 OxFFBC:FFBD |Unused Unused Unused Unused Unused
32 OxFFBE:FFBF |Unused Unused Unused Unused Unused
31 OxFFCO:FFC1 |Unused Unused Unused Unused Unused
30 OxFFC2:FFC3 |Unused Unused Unused Unused Unused
29 OxFFC4:FFC5 |Unused Unused Unused Unused Unused
28 OxFFC6:FFC7 |Unused Unused Unused Unused Unused
27 OxFFC8:FFC9 |Unused Unused Unused Unused Unused
26 OxFFCA:FFCB |Unused Unused Unused Unused Unused
25 OxFFCC:FFCD |VsciOtx SCIo THRDE TE SCIO transmit
TC TCIE
IDLE ILIE
RDRF RIE
24 OxFFCE:FFCF |VsciOrx SCIo SCIO0 receive
LBKDIF LBKDIE
RXEDGIF RXEDGIE
OR ORIE
23 OxFFDO:FFD1 | VsciOerr SCIo NF NEIE SCIO error
FE FEIE
PF PEIE
ADC conversion
22 OxFFD2:FFD3 |Vadc ADC COCO AIEN complete
interrupt
Analog
21 OxFFD4:FFD5 |Vacmp ACMP ACF ACIE comparator
interrupt
20 OxFFD6:FFD7 |Unused Unused Unused Unused Unused
19 OxFFD8:FFD9 |Unused Unused Unused Unused Unused
18 OxFFDA:FFDB | VftmQOovf FTMO TOF TOIE FTMO overflow
17 OxFFDC:FFDD |VftmOch1 FTMOCH1 CH1F CH1IE FTMO channel 1
16 OxFFDE:FFDF | VftmOchO FTMOCHO CHOF CHOIE FTMO channel 0
15 OxFFEO:FFE1 | Vftm1ovf FTM1 TOF TOIE FTM1 overflow
14 OxFFE2:FFE3 |Vftm1ich1 FTM1CH1 CH1F CH1IE FTM1 channel 1
Table continues on the next page...
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Table 5-1. Vector summary (from lowest to highest priority) (continued)

Address (high/

Vector number low) Vector name Module Source Local enable Description
13 OxFFE4:FFE5 |VftmichO FTM1CHO CHOF CHOIE FTM1 channel 0
12 OxFFEG6:FFE7 Unused Unused Unused Unused Unused
11 OxFFES8:FFE9 Unused Unused Unused Unused Unused
10 OxFFEA:FFEB |Unused Unused Unused Unused Unused
9 OXFFEC:FFED |Unused Unused Unused Unused Unused
8 OxFFEE:FFEF |Unused Unused Unused Unused Unused
7 OxFFFO:FFF1 Unused Unused Unused Unused Unused
6 OxFFF2:FFF3 Unused Unused Unused Unused Unused
5 OxFFF4:FFF5 Unused Unused Unused Unused Unused
4 OXFFF6:FFF7 | Vclk ICS LOLS LOLIE g':;k'OSSOf
3 OXFFF8:FFF9  |Vivw System control  |LVWF LVWIE Low-voltage
warning
Vwdog WDOG WDOGF WDOGI WDOG timeout
2 OxFFFA:FFFB
Virq IRQ IRQF IRQIE IRQ interrupt
1 OXFFFC:FFFD | Vswi Core SWI Instruction | — Software
interrupt
WDOGE Watchdog timer
WDOG
LVDRE Low-voltage
LVD detect
RSTPE
RESET pin External pin
lllegal opcode lllegal opcode
0 OxFFFE:FFFF | Vreset System control —
lllegal address lllegal address
POR Power-on-reset
ICS CME ICS loss of clk
BDER reset

BDM force reset

5.1.3 Hardware nested interrupt

This device has interrupt priority controller (IPC) module to provide up to four-level

nested interrupt capability. IPC includes the following features:

* Four-level programmable interrupt priority for each interrupt source.

 Support for prioritized preemptive interrupt service routines
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» Low-priority interrupt requests are blocked when high-priority interrupt service
routines are being serviced.

» Higher or equal priority level interrupt requests can preempt lower priority
interrupts being serviced.

* Automatic update of interrupt priority mask with being serviced interrupt source
priority level when the interrupt vector is being fetched.

* Interrupt priority mask can be modified during main flow or interrupt service
execution.

* Previous interrupt mask level is automatically stored when interrupt vector is fetched
(four levels of previous values accommodated)
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Figure 5-2. Interrupt priority controller block diagram

The IPC works with the existing HCS08 interrupt mechanism to allow nested interrupts
with programmable priority levels. This module also allows implementation of

preemptive interrupt according to the programmed interrupt priority with minimal

software overhead. The IPC consists of three major functional blocks:

 The interrupt priority level registers

* The interrupt priority level comparator set

* The interrupt mask register update and restore mechanism
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5.1.3.1 Interrupt priority level register

This set of registers is associated with the interrupt sources to the HCS08 CPU. Each
interrupt priority level is a 2-bit value such that a user can program the interrupt priority
level of each source to priority 0, 1, 2, or 3. Level 3 has the highest priority while level O
has the lowest. Software can read or write to these registers at any time. The interrupt
priority level comparator set, interrupt mask register update, and restore mechanism use
this information.

5.1.3.2 Interrupt priority level comparator set

When the module is enabled, an active interrupt request forces a comparison between the
corresponding ILR and the 2-bit interrupt mask IPM[1:0]. In stop3 mode, the IPM[1:0] is
substituted by value 00b. If the ILR value is greater than or equal to the value of the
interrupt priority mask (IPM bits in IPCSC), the corresponding interrupt out INTOUT)
signal will be asserted and signals an interrupt request to the HCS08 CPU.

When the module is disabled, the interrupt request signal from the source is directly
passed to the CPU.

The interrupt priority level programmed in the interrupt priority register will not affect
the inherent interrupt priority arbitration as defined by the HCS08 CPU because the IPC
is an external module. Therefore, if two (or more) interrupts are present in the HCSOS
CPU at the same time, the inherent priority in HCSO8 CPU will perform arbitration by
the inherent interrupt priority.

5.1.3.3 Interrupt priority mask update and restore mechanism

The interrupt priority mask (IPM) is two bits located in the least significant end of IPCSC
register. These two bits control which interrupt is allowed to be presented to the HCSO0S8
CPU. During vector fetch, the interrupt priority mask is updated automatically with the
value of the ILR corresponding to that interrupt source. The original value of the IPM
will be saved onto IPMPS for restoration after the interrupt service routine completes
execution. When the interrupt service routine completes execution, the user restore the
original value of IPM by writing 1 to the IPCSC[PULIPM] bit. In both cases, the IPMPS
is a shift register functioning as a pseudo stack register for storing the IPM. When the
IPM is updated, the original value is shifted into IPMPS. The IPMPS can store four levels
of IPM. If the last position of IPMPS is written, the PSF flag indicates that the IPMPS is
full. If all the values in the IPMPS were read, the PSE flag indicates that the IPMPS is
empty.
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5.1.3.4 Integration and application of the IPC

All interrupt inputs that comes from peripheral modules are synchronous signals. None

of

the asynchronous signals of the interrupts are routed to IPC. The asynchronous signals of

the interrupts are routed directly to SIM module to wake system clocks in stop3 mode.

Additional care must be exercised when IRQ is reprioritized by IPC. CPU instructions
BIL and BIH need input from IRQ pin. If IRQ interrupt is masked, BIL and BIH still
work but the IRQ interrupt will not occur.

* The interrupt priority controller must be enabled to function. While inside an
interrupt service routine, some work has to be done to enable other higher priority
interrupts. The following is a pseudo code example written in assembly language:

INT SER :
BCLR INTFLAG, INTFLAG R ; clear flag that generate interrupt
. ; do the most critical part
; which it cannot be interrupted
CLI ; global interrupt enable and nested interrupt
enabled
; continue the less critical
BSET PULIPM, PULIPM R ; restore the old IPM value before leaving
RTI ; then you can return

* A minimum overhead of six bus clock cycles is added inside an interrupt services
routine to enable preemptive interrupts.

* As an interrupt of the same priority level is allowed to pass through IPC to HCS08
CPU, the flag generating the interrupt must be cleared before doing CLI to enable
preemptive interrupts.

* The IPM is automatically updated to the level the interrupt is servicing and the
original level is kept in IPMPS. Watch out for the full (PSF) bit if nesting for more
than four levels is expected.

» Before leaving the interrupt service routine, the previous levels must be restored
manually by setting PULIPM bit. Watch out for the full (PSF) bit and empty (PSE)
bit.

5.2 IRQ

The IRQ (external interrupt) module provides a maskable interrupt input.
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5.2.1 Features
Features of the IRQ module include:
* A Dedicated External Interrupt Pin
e IRQ Interrupt Control Bits
* Programmable Edge-only or Edge and Level Interrupt Sensitivity
* Automatic Interrupt Acknowledge
e Internal pullup device

A low level applied to the external interrupt request (IRQ) pin can latch a CPU interrupt
request. The following figure shows the structure of the IRQ module:

TRQACK
RESET] TO CPU FOR
RESET BIL/BIH
SYNCHRO- |  INSTRUCTIONS _
NIZER >
v BUSCLK
DD
v L ¢ IRQF
CLR
1 D™ Q SYNCHRO-
NIZER
IRQ— CK

-
STOP
STOP — Bypass

To pullup enable logic for IRQ IRQMOD IRQIE }

- [IRQPDD ]| TO INTERNAL IRQ
MODULES INTERRUPT
> \IlmjlfJEr-gP REQUEST

Figure 5-3. IRQ module block diagram

External interrupts are managed by the IRQSC status and control register. When the IRQ
function is enabled, synchronous logic monitors the pin for edge-only or edge-and-level
events. When the MCU is in stop mode and system clocks are shut down, a separate
asynchronous path is used so that the IRQ, if enabled, can wake the MCU.
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5.2.1.1 Pin configuration options

The IRQ pin enable control bit (IRQSC[IRQPE]) must be 1 for the IRQ pin to act as the
IRQ input. The user can choose the polarity of edges or levels detected (IRQEDG),
whether the pin detects edges-only or edges and levels IRQMOD), or whether an event
causes an interrupt or only sets the IRQF flag, which can be polle